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Director’s Note

As the World Steel Association puts it, steel is the world’s most important engineering 
and construction material. Why?

Put simply, steel is an essential material for almost all infrastructure and construction 
activities, and is so pervasive in our society, that we can observe its impact in most 
aspects of our lives and communities. 

It should therefore be no surprise that an advanced, globally competitive steel 
manufacturing industry is critically important to Australia, whether it be from a nation-
building, economic growth or employment perspective.  A thriving national industry 
provides a secure source of high quality, locally produced steel for many customers 
and a variety of applications, including residential construction, defence, infrastructure 
and transportation systems. Representing close to 10% of Australia’s manufacturing 
industry, our steel manufacturing supply chain is a strategic and integral component 
of the economy.  We see this demonstrated through the employment of Australians, 
not just those directly employed (90,000+) but also those indirectly impacted across 
associated industries and communities (500,000+). 

There can be no doubt that a prosperous steel manufacturing industry will, in turn, 
significantly benefit Australia’s prosperity. However, remaining viable and resilient in 
a highly competitive global market means that it must address some key strategic 
challenges. One example relates to increased productivity - for Australian steelmakers, 
the challenge is to achieve this under significant capital constraints. Another, is to 
ensure delivery of a pipeline of new, high-value, technically advanced steel products 
for a wide range of local markets and domestic end-users.  Finally, is to respond to 
end-user requirements, providing them a value-adding technical service with short 
lead times and a strong level of support.  This requires increasing the overall technical 
capability and service offering to customers across the entire manufacturing supply 
chain.  

The ARC Research Hub for Australian Steel Manufacturing (“Steel Research Hub”), was 
conceived both as a response to these industry challenges and an action by the Federal 
Government to increase the level of collaboration between academia and industry, 
relative to other top OECD countries . The award of a competitive grant of $5 million 
by the Australian Research Council in 2013/14 was in addition to over $7 million in cash 
from industry and university partners. Equally as important was the $12 million of real 
in-kind support promised by industry and university partners.

It has been very satisfying to see how quickly this ecosystem of academic research and 
industrial technology has developed over the last 5 years. In the early days, the Steel 
Research Hub was ably led by Oscar Gregory, a former BlueScope Steel senior executive, 
with strong support from Julie Matarczyk, the Hub Manager.  Based at the University 
of Wollongong, the Steel Research Hub brought key industry and peak body partners: 
BlueScope, Arrium, Bisalloy, Cox Architecture, Australian Steel Institute, Lysaght, 
Stockland and Australian Industry Group, together with some of Australia’s best 
universities working in steel-related areas: University of Queensland, Monash University, 
University of Newcastle, RMIT University and Swinburne University of Technology.  This 
backing provided the energy and commitment necessary to drive the original four 
research programs and ultimately, to achieve many excellent outcomes for the industry. 
In the last year, this cohort of industry partners increased with the involvement of 
Liberty OneSteel and ArcelorMittal, the world’s largest steelmaking company. 

The Steel Research Hub has played a technological role in ensuring a sustainable 
Australian steel manufacturing industry. Teams of internationally recognised research 
and knowledgeable industry talent have focussed their attention on strategic 
outcomes that were not independently realisable. It achieved what it strived to do: 
deliver innovative solutions and some breakthrough technologies in key areas of steel 
manufacturing and product development.  

Looking through this “coffee table” booklet, you may appreciate the many positive and 
varied demonstrations of research activity undertaken by each of the multi-disciplinary 
teams.  Across the 30 or more projects completed, from manufacturing technologies 
to steel coatings, new and useful knowledge has led to important 
advances in steel innovation for the Australian steel industry.  In most 
cases, these advances were the direct result of tremendous project 
teamwork and collaboration, necessary in stimulating a much higher 
level of creativity between academic and industrial partners. 

To conclude: I am very appreciative of the time, effort and counsel 
from members of our Research Management Committee and Advisory 
Council - a bunch of great people!  I also want to thank two very 
capable and hard-working folk: our Hub Manager, Nathan Wright and 
our Hub Administration Coordinator, Bonnie Johnston. Well done!

I hope you find this booklet a real encouragement.

Dr Paul Zulli, Steel Hub Director
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Program B - Market Focused Product Innovations

Underpinning the wide variety of research disciplines and steel products 
represented in Program B was a core focus on the needs of the end users of steel 
products; thereby ensuring product developments were customer and market-
driven. This was to be achieved through enhanced customer engagement in both 
the development of ideas and subsequent product development. In this way, the 
resources and research capacity of the Hub could become available to a broader 
range of Australian small to medium enterprises. 

Product development initiatives would lead to improved high strength hot rolled 
products, coated product building systems for resilient Australian apartment 
buildings, and surface engineering of coatings.

As such, the hot rolled product projects focused on the development of very high 
strength steel for structural, transport and mobile equipment applications and 
improved abrasion-resistant quench and tempered plate steels; the building 
projects focused on mid-rise apartment building design, structural systems and 
renewable energy harvesting systems; and the surface engineering projects 
focused on antifouling coatings for painted steel surfaces.

Program Leader (Academic): Professor Paul Cooper, University of Wollongong
Program Leader (Industry): Mark Eckermann, BlueScope Steel Limited
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Improved Abrasion Resistant Quench and Tempered 
Plate Steels

Project B1.1

In collaboration with BlueScope and Bisalloy Steels, 
this project aimed to improve the performance 
of abrasion resistant quench & tempered (Q&T) 
plate steels for various applications including in 
the minerals and defence industries.  It would 
offer enhanced wear resistance over conventional 
metallurgical approaches but without the 
traditional useability trade-offs including 
reduced weldability, formability and toughness. 
In comparison, the conventional approach to 
increasing wear resistance in Q&T plate products is 
via raising the hardness of the martensitic phase by 
increasing the carbon content of the steel. 

Led by the University of Wollongong’s Elena 
Pereloma and Andrew Kostryzhev, this project 
used advanced metallurgical microalloying and 
microstructural engineering strategies to develop 

a product with significantly improved abrasion 
resistance, while still maintaining comparable 
toughness, workability, weldability and cost 
competitiveness to conventional grades. Thus, this 
product could also provide an attractive alternative 
to the higher end abrasion resisting solutions, 
such as weld overlay. It also had the potential to 
increase the wear resistance of the BIS500 product 
currently produced by Bisalloy. In the latter phase 
of the project, a further alternative to traditional 
metallurgical approaches, involving bainitic steels, 
was explored.

The research project encompassed an extensive 
experimental program including laboratory and 
foundry melts, hot forging, heat treatments, wear 
testing, mechanical testing (tensile strength and 
toughness), as well as detailed microstructure 

characterisation using optical metallography, 
scanning electron microscopy coupled with energy 
dispersive X-ray spectrometry and transmission 
Kikuchi diffraction, and transmission electron 
microscopy. This project was delivered in close 
collaboration with Partner Investigators Chris 
Killmore (BlueScope) and Dake Yu (Bisalloy). 

The project explored the effect of the titanium 
to carbon ratios on their wear resistance and 
toughness. The highest wear resistance was 
achieved at a ratio of 0.3 which corresponded to 
a combination of the highest tensile strength 
and good toughness. This newly developed steel 
exhibited an improved strength-toughness-wear 
resistance relationship in comparison to the 
current Bisalloy BIS500 grade. A careful control 
of steel composition and processing technology 

was needed to achieve the maximum potential 
for titanium alloying. A fundamental insight into 
the effect of composition, morphology and size 
of inclusions on wear resistance was also gained. 
The fracture development at the particle-matrix 
interface was found to govern the wear mechanism 
in the studied steels.

Team: Professor Elena Pereloma (UOW), Chris 
Killmore (BlueScope), Dr Dake Yu (Bisalloy),  
Dr Andrew Kostryzhev (UOW)

B1 - HOT ROLLED PRODUCTS
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Development of a Very High Strength Steel Strip Product 
Project B1.2

Delivering more functional and cost effective 
products to end users continues to drive further 
improvements in product quality and performance. 
Three fundamental attributes frequently govern 
modern steel product developments: lowering 
cost, increasing strength levels in combination with 
enhancing ductility, formability and weldability. 
The project aimed to develop a new steel grade 
and processing technology which could deliver a 
significant improvement in steel strength from 
the hot rolled steel grades currently produced by 
BlueScope. The objective was also to understand 
the effects of micro-alloying element additions 
and processing parameters on the strengthening 
mechanisms operating in the ferritic and bainitic 
structural steels under examination.

The UOW project team, consisting of Elena 

Pereloma, Andrew Kostryzhev and Navjeet 
Singh  together with Partner Investigator Chris 
Killmore (BlueScope) investigated the effects 
of steel composition (in particular Chromium, 
Molybdenum, Niobium and Vanadium additions) 
and mill processing settings (deformation 
temperature, strain levels, coiling temperature 
and time) on the mechanical properties of these 
steels. This investigation was carried out using 
simulations of steel mill processing in a Gleeble 
3500 machine, followed by detailed microstructural 
characterisation utilising advanced characterisation 
techniques (atom probe tomography and high 
resolution scanning transmission electron 
microscopy) and mechanical testing.

The outcomes of this research have shown that 
minor additions of Cr, Nb and V to the steel 

composition, together with a new processing 
technology resulting in nanoscale interphase 
precipitation, increasing the steel yield strength 
by approximately 200 MPa. The strengthening 
mechanisms were analysed and for the first time, 
experimental evidence of dislocations cutting 
the semi-coherent interphase precipitates was 

obtained. The findings of the project have the 
potential to facilitate growth in Australian steel 
usage via new product offerings.

Team: Professor Elena Pereloma (UOW), Chris 
Killmore (BlueScope), Dr Andrew Kostryzhev 
(UOW), Navjeet Singh (UOW)
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The Behaviour of Advanced Q&T Steels During Arc 
Welding and Thermal Cutting

Project B1.3

This project aimed to optimise welding parameters 
for fabrication of newly developed quench & 
tempered (Q&T) steels.  This included selection of 
welding consumables, particularly where there is 
a challenging requirement for some Q&T steels to 
match the parent material properties (hardness, 
strength, etc).

For Bisalloy, the challenge was in establishing 
a new grade offering improved wear resistance 
compared to their current premium grade, BIS500, 
while maintaining the attractive fabrication 
performance of BIS500.  This included resistance 
to delayed cracking due to hydrogen assisted cold 
cracking, particularly post thermal cutting. While 
higher hardness grades can readily be produced, 
resistance to delayed cracking has been an issue 
due to the need by fabricators to apply preheating 
before thermal cutting and welding processes to 

avoid such cracking. This is a common issue for 
such high hardness, high carbon grades, and a 
challenge faced by all Q&T steel producers.

Led by Huijun Li and Muhammad Rizwan, this 
project undertook a detailed experimental 
program to assess the capability to thermally cut 
and weld a high hardness wear plate based on 
a relatively new high titanium steel type.  They 
explored conventional thermal cutting and welding 
processes used for fabricating wear plate for the 
mining industry, compared with a conventional 
high hardness wear grade. Several important 
aspects were investigated including the preheating 
temperature required to avoid hydrogen-
assisted cold cracking, proper control of inter-
pass temperature, application of post-weld heat 
treatment, assessment of the hardness response 
to high cooling rates and preheating, and finally, 

simulation of the thermal effect of subsequent 
weld passes in multiple pass welds on the initially 
produced microstructure.

Insights into the response of the heat affected 
zone (HAZ) and the behaviour of the titanium 
carbide (TiC) particles in the HAZ, were pursued, 
particularly with regards to the resistance to cold 
cracking and the toughness of the HAZ. This 
project examined an alternative approach of using 
very high hardness TiC particles dispersed through 
the martensitic matrix to improve the wear 
performance, while using a medium carbon steel 
type to maintain, or even improve, the fabrication 
performance of high hardness wear plate. 
Considering that a high titanium addition would 
consume about a third of the carbon content, it 
was expected that this would reduce the hardness 
of the martensitic matrix.  This might further 
benefit the resistance to delayed cold cracking by 
hydrogen, enhancing the fabrication performance 
or enabling a higher carbon content to be used 
and still achieve a readily fabricated, highly wear 
resistant steel grade.

The research programme utilised two commercially 
available wear plate products that incorporated 
a high titanium content to improve the wear 

performance. The utilisation of these two products 
provided a relatively wide range of carbon and 
titanium ranges, to assist in assessing the response 
of these high titanium steel types to thermal 
cutting and welding. Oxy-fuel and plasma cut 
edges produced similar hardness reductions near 
the cut edge, but not dissimilar to conventional 
wear grades, while waterjet cutting produced 
negligible change in hardness. The width of the 
heat affected zone from thermal cutting was 
greatest for oxy-fuel cutting, lesser for plasma 
cutting and least for waterjet cutting. The response 
of the TiC particles, in terms of size and volume 
fraction, to the various thermal cycles in the heat 
affected zones was determined and linked to the 
resultant hardness reduction adjacent to the cut 
edge.

Conventional weldability tests, controlled thermal 
severity tests and bead-on-plate tests, plus some 
more tailored welding procedures, were conducted 
and further testing is underway to further gauge 
the response of the steels to thermal cutting and 
welding.

Team: Professor Huijun Li (UOW), Chris Killmore 
(BlueScope), Dr Dake Yu (Bisalloy), Chris Jones 
(BlueScope), Muhammad Rizwan (UOW)
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Investigation and Development of Steel Intensive, Mid-
Rise Residential Building Systems  

Project B2.1

It is widely recognised that increasing urbanisation 
of our cities, along with significant cultural, 
economic, market and environmental changes 
to traditional habitation will shift housing stock 
from predominantly detached dwellings to higher 
density apartments, where traditionally in Australia, 
concrete and masonry, rather than steel, has been 
used to form the primary load-bearing structure.

This project brought together a multi-disciplinary 
team to explore cold-formed steel (CFS) building 
systems for the mid-rise residential apartment 
sector in Australia. This represented a collaboration 
between the University of Wollongong, 
BlueScope, Cox Architecture and Stockland, 
with the overarching goal to develop and assess 
CFS construction systems that are suitable and 
compelling for use in Australia. This included 

evaluating existing systems and products to 
understand and incorporate world’s best practice. 
The project team, led by BlueScope’s Lloyd Niccol, 
included UOW’s Tim McCarthy, Paul Cooper, Emma 
Heffernan, Tillmann Boehme, Scott Beazley, Alberto 
Escribano and Nick Franklin, Cox Architecture’s 
Michael Bradburn and Stockland’s Dale Clark.

Loadbearing cold-formed steel is a construction 
framing material manufactured from cold-rolled 
and protective alloy coated steel coil, which 
is cut into narrow strips and passed through 
a roll-forming machine, typically to form a ‘C’ 
section. CFS has several inherent benefits: steel 
contains both recycled content and is recyclable, 
minimal waste is produced during fabrication and 
construction and its ductility is useful for absorbing 
wind loads. Other benefits include its high 

strength-to-weight ratio, dimensional accuracy, 
dimensional stability, and simplicity of handling 
enabling rapid and efficient prefabrication.

To explore the feasibility of using CFS for mid-rise 
residential construction in Australia, a seven-storey 
archetype building, containing 60 apartments, 
was designed by the team to be representative 
of currently built apartment stock. The archetype 
building was originally designed to be constructed 
using a concrete frame and was subsequently 
redesigned for the use of loadbearing CFS. Using 
the two versions, the multi-disciplinary team was 
able to undertake a detailed comparison of the 
same building using alternative construction 
systems by utilising integrative tools such as 
Building Information Modelling (BIM).

In comparison, CFS offers reductions in the 
cost of structure, overall construction cost and 
project duration. There were also other benefits 
identified including the reduction in the number 
of companies and workers on site, due to the 
offsite prefabrication of many of the structural 
elements, which in turn improved site safety and 

minimised project management complexity. The 
team concluded that load bearing CFS systems 
are technically feasible and have a strong value 
proposition in mid-rise residential apartment 
buildings in Australia.

Therefore, CFS construction solutions could 
potentially have a significant and beneficial 
impact on the Australian construction industry 
and residential market. With reduced construction 
costs and increased speed of construction, there is 
potential to deliver apartments faster and at lower 
cost, or to enable development on sites which 
would otherwise not be feasible.

Team: Lloyd Niccol (BlueScope), Professor 
Tim McCarthy (UOW), Professor Paul Cooper 
(UOW), Professor Lip Teh (UOW), Trevor Clayton 
(BlueScope), Scott Beazley (UOW), Dr Emma 
Heffernan (UOW), Nick Franklin (UOW), Dr Tillman 
Boehme (UOW), Alberto Escribano (UOW), 
Michael Bradburn (Cox Architecture), Dale Clark, 
Jose Sanchez (Stockland)

B2 - BUILDING PRODUCTS
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Innovative Cladding and Ventilation Solutions for Mid-
Rise Residential Buildings 

Project B2.2

The move towards higher density, urban apartment 
living requires solutions that maximise the 
functionality of available building surfaces to 
deal particularly with indoor environment quality 
(IEQ) issues such as air quality, lighting, thermal 
performance, acoustic abatement and privacy.  This 
research project focussed on the understanding 
and development of advanced, steel-intensive wall 
cladding systems and products which optimise 
both IEQ and energy usage using both passive 
and actively adaptive approaches. Utilisation of the 
building façade for energy generation and passive 
indoor environment management could improve 
the comfort for the occupants of the apartments 
as well as reduce the energy consumption of the 
buildings. 

Researchers developed a methodology to assess 

the fundamental performance and impact of a 
variety of adaptive facades systems on apartment 
buildings with a primary framing structure built 
from cold-formed steel (CFS). The team developed 
a set of test chambers and tested a series of 
concept façade elements to validate earlier 
modelling work.

Research was also undertaken on the performance 
and optimisation of transpired solar collectors 
(TSCs). TSCs are a building façade perforated with 
small holes which allow air to be drawn through 
the cladding, transferring heat from the cladding 
to the air, which can then be delivered into a 
building to provide efficient indoor space heating.  
A numerical model for a TSC was developed and 
validated through experimental studies of a TSC 
integrated onto the facades of the Sustainable 

Building Research Centre. The performance of 
the system was evaluated under different flow 
rates and air intake scenarios. The research has 
quantified the high potential of TSCs for providing 
efficient indoor space heating and revealed the 
important parameters for designing a TSC facade.

The team also completed a numerical performance 
evaluation and energy rating analysis of an 
archetype CFS midrise apartment building. 
The team carried out a series of simulations to 
understand the passive thermal and active energy 
performance of the building’s different floor 
and wall systems across different climate zones. 
This work determined the thermal and energy 
characteristics of CFS buildings, which is of value 
to facilitate their optimal thermal design and 
operation.

Another aspect of this project was to evaluate 
the performance of existing apartment buildings 
relative to the modelled performance used for 
building approval.  This included the monitoring 
of 9 apartments over a period of up to 9 months to 
identify the most significant sources of discrepancy 
between the rated thermal performance used for 
building approval and the actual energy used for 

heating and cooling in the set of apartments.  This 
work will be important in understanding the areas 
of construction that can be improved to enhance 
IEQ and thermal performance to better suit 
observed practices in apartments.

Finally, research was completed on an analysis of 
the thermal performance and thermal bridging 
of a variety of different cold formed steel wall 
systems, to better understand which materials can 
be effectively used in CFS wall systems to meet 
the thermal requirements of the building code. 
This work compared a variety of different thermal 
bridging calculation methods against test data to 
better understand the relative performance and 
output form these different methods to inform 
good practice.  

Team: Professor Paul Cooper (UOW), Lloyd Niccol 
(BlueScope), Dr Alan Green (UOW), Dr Wenye Lin 
(UOW), Dr Leela Kempton (UOW), Dr Mohammed 
Sohel (UOW), Steven Beltrame (UOW), Associate 
Professor Zhenjun Ma (UOW), Dr Georgios 
Kokogiannakis (UOW), Jamie Adams (BlueScope), 
Trevor Clayton (BlueScope), Michael Bradburn 
(Cox Architecture)
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Development of New Cold Formed Steel Products and 
Systems for Mid-Rise Apartments 

Project B2.3

Innovative, cold-formed steel (CFS) building 
products featuring structural robustness, efficiency 
and functionality are required to facilitate rapid, 
quality construction of mid-rise apartment 
buildings. However, designing and constructing 
such buildings using primarily cold-formed steel 
(CFS) products poses several structural challenges.

These challenges include providing adequate 
design guidelines for various components in a 
CFS building structure, the need to design CFS-
based shear walls capable of withstanding high 
lateral wind loads experienced by the mid-rise 
buildings, developing system behaviour modelling 
techniques for lateral load resisting systems, and 
resolving gaps in the current simulation capability 
of load-displacement and failure behaviour of 
bolted and screwed shear connections in steel-
intensive construction.

Within this project, led by Lip Teh, Aziz Ahmed 
and Refat Ahmed, various aspects of the CFS 
construction system have been evaluated to 
directly focus on areas with significant potential 
for unlocking the advantages of CFS, including 
framing and flooring systems, composite structures 
and connections.

In collaboration with BlueScope’s partner 
investigators Trevor Clayton and Paul Jones, this 
project has successfully developed and tested 
high-capacity strap-braced shear panels that are 
optimised for Australian conditions. Although 
experimental tests and further development are 
ongoing to improve the ductility of the shear 
panels, the test program has already developed 
prototype shear panels with a capacity several 
times that of existing CFS shear panels typically 
used in Australia.

The team has also developed an advanced 
numerical technique to simulate the complete 
response of bolted and screwed shear connections 
between CFS components. The technique 
enables accurate determination of not only the 
ultimate capacity, but also the displacement 
under load.  This leads to improved understanding 
of connection behaviour and facilitates the 
formulation of structural design equations and 
analysis procedures for CFS structures.

The project has undertaken significant 
experimental activities including the testing of 
untightened double-shear bolted connections, 
nail connections, angle clip connections and 
shear fracture specimens. Design formulations 
and guidelines based on these test results will fill 
some of the existing knowledge gaps required for 
the design of CFS structures. The findings will also 

inform future developments of new CFS products 
for mid-rise residential construction.

Team: Professor Lip Teh (UOW), Dr Aziz Ahmed 
(UOW), Trevor Clayton (BlueScope), Refat Ahmed 
(UOW), Paul Jones (BlueScope)
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Mid-Rise Residential Cold-Formed Steel Technical Design 
Guide & Information Delivery Manual 

Project B2.4

The use of digital building information, both model 
geometry and metadata, has great potential to 
transform the exchange of information between 
project participants enabling more efficient, 
accurate and consistent workflows.

Specifically, the application of digital building 
information in the cold-formed steel (CFS) 
framing industry necessitates some manual 
manipulation of data in the current translation of 
architectural design information into useful input 
for existing building design and building product 
manufacturing software. Digital workflows have 
the potential to reduce the time required for this 
translation and increase accuracy of information 
transfer, and the development of new data 
exchange workflows and settings should be based 
on accepted standards that are supported by 
industry software.

This project, led by Scott Beazley, was built on 
outcomes from the CFS mid-rise apartment 
building activities within the Steel Research 
Hub (Projects B2.1, B2.2 & B2.3), and involved the 
development of a CFS technical design guide 
as well as an information delivery manual (IDM) 
for software interoperability. Australian building 
owners and state governments are developing 
project standards that specify the use of ISO 
16739-1:2018 Industry Foundation Class (IFC) data 
schema, which supports all building disciplines 
and all project life cycle phases, enabling optimal 
data sharing across the construction and facility 
management industries.

The project has achieved significant improvements 
in the transfer of design model data into 
BlueScope’s ENDUROCADD® software for 

CFS frame fabrication, and the input of design 
geometry and metadata through more automated 
processes that reduces the potential for human 
error and enables digital quality checking methods.

Another significant improvement is the IFC export 
capability from ENDUROCADD®, facilitating export 
of data from existing ENDUROCADD® software 
parameters for use in many downstream software 
platforms. This specially enables the model 
coordination of geometry with other building 
disciplines such as architecture, structural and 
building services. The IFC export capability also 
assists the connection to other IFC compliant 
software used in the building industry, such as 
Autodesk Revit, Graphisoft ArchiCAD, Trimble 
SketchUp, Vectorworks, Tekla, ASTA Powerproject, 
Synchro, Bentley AECOsim, CostX, Solibri Model 
Checker, all of which can access to the geometry 
and metadata contained in the IFC file format.
This project has demonstrated a reduction in the 

time required for interpreting and processing of 
architectural design within the ENDUROCADD® 
software and the quantification of components 
from the IFC for costing, scheduling and LCA 
use.  Corresponding improvements would be 
expected for the whole life cycle of the CFS 
components in buildings, especially if applied to 
modular construction and prefabricated panels. 
The connection of well made, data rich fabrication 
models to quantification, construction scheduling, 
costing and logistics software has also great 
potential for productivity improvement. 

Team: Scott Beazley (UOW), Professor Tim 
McCarthy (UOW), Paul Jones (BlueScope), Sylvia 
Weber (BlueScope), Jojo Jose (BlueScope), Lloyd 
Niccol (BlueScope), Dr Emma Heffernan (UOW), 
Aziz Ahmed (UOW), Kelly Watts (BlueScope)
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Development of Antimicrobial Coatings for Steel 
Surfaces 

Project B3.1

Fouling of external building materials by fungal
colonies is a key challenge facing many material
manufacturers. Fungal infestation detracts from
the appearance of surfaces, particularly in warmer
regions where lighter colours are common and
fungal settling and growth is more prevalent. The
formation of biological fouling layers can also
significantly alter the thermal and reflectivity
characteristics of the materials and coatings,
reducing the ability of the surface to reflect
thermal energy and maintain its thermal efficiency
specifications.

The aim of this project was to develop coating
technologies that contribute to the defence of
a coating against fungal infestation, helping
reduce the build-up of organisms that degrade or
contaminate the product, increasing maintenance
and replacement costs.

The research team, led by Michael Higgins, Paul
Molino, Brianna Knowles and Dan Yang, was able
to identify and clarify the fundamental mechanism
that inhibits surface fouling by investigating what
makes water bind to certain surfaces. This has
implications for creating antifouling solutions.

In collaboration with BlueScope researchers and
technologists, the project team investigated
the ability of silica, or microscopic small glass
beads, to modify the ability to attract or ‘stick’ to
water. The surface chemistry of these materials
allows particles to bind to each other, forming a
stable coating, while also interacting with water
in a manner that inhibits micro-organisms from
attaching and populating, preventing adsorption
of proteins, and attachment and colonisation of
bacteria and micro-organisms.

A key part of the work used advanced high-
resolution atomic force microscopy and molecular 
dynamic (MD) simulations by a partner research 
group at RMIT to produce images of single particles 
on the surface to reveal the structure of interfacial 
layers and how they lock together.

The collaborative work with Irene Yarovsky’s 
team at RMIT predicted a strikingly similar 
structure using MD simulations to what was 
observed through experimentation (see Project 
3.2). This collaborative approach showed that MD 
simulations are able to confirm experimental  
findings and help rationalise conclusions. This 
direct comparison between experimental and 
theoretical data is unusual in this field and will 
allow greater validation and guidance of future 
research.

The UOW team were also able to develop a
family of surface modified silicas, that provided

added biofouling resistant functionality to the
material. 

Team: Professor Michael Higgins (UOW), Dr 
Shane Maclaughlin (BlueScope), Jenny Boge 
(BlueScope), Dr Paul Molino (UOW), Dan Yang 
(UOW), Brianna Knowles (UOW), Dr Nicole 
PIanegonda (BlueScope)

B3 - ANTIFUNGAL COATINGS
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Molecular Modelling of Fundamental Molecular 
Mechanisms of Initial Microbial Adhesion to Functional 
Surfaces 

Project B3.2

Utilising the latest advancements in molecular 
dynamics modelling, this project’s aim was to 
identify factors that inhibit fungal growth, and 
from this, develop design techniques which could 
allow their incorporation into the next generation 
of coatings. Preventing growth of fungal colonies 
on building products can improve the thermal 
efficiency of the material, as well as help retain an 
aesthetically pleasing surface. 

Led by Irene Yarovsky, Matthew Penna and 
Wenxuan Li, and BlueScope product specialists 
Shane MacLaughlin and Nicole Pianegonda, the 
team developed methodologies that enable the 
modelling of various combinations of surfaces, 

functional ligands, proteins and environmental 
conditions such as temperature, hydration and 
pH levels.  These will ultimately provide a better 
understanding of how proteins behave at various 
solid/liquid interfaces, to rationally design and 
produce surfaces which control their adsorption.

The project used molecular dynamics (MD) to study 
the behaviour of fouling-resistant particles and 
their interaction with biological molecules, such 
as proteins. If these molecules absorb onto the 
particles, they can act as a primer layer on which 
fungal spores can settle, leading to the growth 
of fungal colonies. These particles can become 
embedded into the surfaces of building products, 

so developing an understanding of how they 
interact with proteins is essential for designing 
effective antifouling coatings.

Through a series of MD simulations, a preliminary 
antifouling surface design philosophy was 
developed.  Working closely with the Project B3.1, 
the MD-driven theoretical modelling, combined 
with new experimental data, has provided a basis 
for understanding what the next generation of 
antifouling coating technology might entail.  Using 
Frequency Modulation-Atomic Force Microscopy 
and all-atom MD simulations, the multidisciplinary 
team was able to reveal that suitably spaced, 
flexible molecular chains with hydrophilic groups 
could interact with water molecules to produce 
a confluent layer, consisting of dynamic ligands 
(molecules) and interfacial water molecules that 

provide a basis for antifouling performance of 
ultrathin surface chemistries.

This project was a powerful example of the value 
of fundamental science in assisting and driving 
industrial based research, especially with the ability 
to validate experimental and theoretical data 
through collaborations developed within the Hub. 
The findings of this research may also have wider 
reaching implications in the design of coatings 
for medical implants and devices where the same 
fundamental physics drive the attachment of 
fungus or bacteria.

Team: Professor Irene Yarovsky (RMIT), Dr Shane 
Maclaughlin (BlueScope), Dr Matthew Penna 
(RMIT), Wenxuan Li (RMIT), Mark Eckermann 
(BlueScope), Dr Nicole Pianegonda (BlueScope) 
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Course-Grained Molecular Dynamics Simulations of the 
Effects of Surface Topography in Disruption of Fungal 
Membranes 

Project B3.4

The CGMD simulations provided insights on how 
the penetration of protrusions into the fungal 
lipid membrane developed over time. The force 
applied on the membrane during the simulations 
and the contact area between the protrusions and 
membrane surfaces were measured. 

Two different types of membrane disruption 
mechanisms were identified: (1) bilayer to 
micelle transformation, and (2) membrane pore 
generation. CGMD snapshots demonstrated the 
micelle were generated by cylindrical protrusions 
and membrane pores were generated by spherical 
protrusions. These results were in line with 
proposal by Ivanova’s team that relatively large 
nanoprotrusions (e.g. 60 nm) could break the 
membrane between the protrusions, while the 
multiple piercing of the bilayer would only occur 
when the protrusion diameter is on a scale of a few 
nanometers. 

The CGMD methodology developed through 
this work is universal and can be applied to 
screen a large variety of surface topographies for 
their membrane disruption capacity. This novel 
modelling approach sheds light on the specifics 
of the molecular mechanisms with respect to 
the disruption of cell membranes induced by the 
penetration of nanoprotrusions and can be used 
as a tool for developing efficient antibacterial 
nanomaterials.

Team: Professor Irene Yarovsky (RMIT), Wenxuan 
Li (RMIT), Dr Matthew Penna (RMIT), Dr Shane 
Maclaughlin (BlueScope), Dr Nicole Pianegonda 
(BlueScope)

As an extension to Project B3.2, this project’s aim 
was to apply coarse-grained molecular dynamics 
(CGMD) to simulate the interaction of fungal 
membranes with surfaces of different topography, 
and to use these results to guide the development 
of materials with identified topographies that exert 
destructive forces and compromise membrane 
structure.

Working in collaboration with Elena Ivanova’s team 
(Project B3.5), the research enabled the modelling 
of nanoscale surface topographies typical for 
the experimentally observed surfaces, as well as 
newly proposed topographically active surfaces. 
In these models, prototype surfaces are interfaced 

with realistic fungal lipid membranes and their 
interactions are observed in real time to determine 
which of these topographies may prevent or 
disrupt the adhesion of fungal spores.  Ultimately, 
this research will deliver design guidelines for 
topographically active surfaces.

The surface topographies were determined by 
protrusion shape, dimension and density.  Some 
examples of shapes interfaced with fungal lipid 
membranes included cone, cylinder and sphere. 
These were arranged at different separation 
lengths and surface patterns consistent with the 
surface densities observed experimentally.
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stewardship issue.  The problem is made more 
challenging by the conditions of exposure (high 
heat and ultraviolet light which are very destructive 
of organic materials), and the multi-decade 
performance expectations.  These demands cannot 
be met by the standard approaches to antifungal 
materials and a new paradigm is required.  
The observation that the topographical features 
of biological systems such as insect wings were 
effective as bactericidal agents suggested that 
similar effects might be observed with fungi. This is 
a powerful new paradigm which has the potential 
to effectively address deficiencies of the organic 
toxin model. 

The antimicrobial activity of surfaces such as 
dragonfly and cicada wings has been attributed to 
elements of their nano-topography.  While it is not 
unreasonable to extend the concept in principle 
to fungal cells and assemblies it is important to 
note that the biological construction of fungi is 
significantly different than bacteria.  Therefore, 
it is highly likely that the details of the nano-
topography and mechanism of action of surfaces 
which are active against fungi will be significantly 
different from those of surfaces active against 
bacteria.

In order to develop the antifungal surfaces that 
incorporate topographical defences as well as 
providing optimal and long-lived activity, it is 
critical to understand: 1) the mechanism of the 
fungal adhesion; 2) the attachment propensity 
of fungal spores and hyphae; 3) the longevity 
of the system and its efficiency against other 
microorganisms. 

Comprehensive characterisation of the physical 
and chemical nature of the surfaces was performed 
using Scanning Electron Microscopy (SEM) and 
Atomic Force Microscopy (AFM) as the primary 
techniques for topographical analysis of candidate 
surfaces. Chemical analysis was performed by a 
combination of Synchrotron Radiation Fourier-
Transform Infrared microspectroscopy (SR-
FTIR), X-ray Photoelectron Spectroscopy (XPS) 

and Raman Spectroscopy. This combination of 
techniques allowed for a detailed analysis of the 
specific chemical components that are present on 
the surfaces.

Analysis of the evolution of original and modified 
surfaces under long-term weathering (3 years) 
in tropical and subtropical climates revealed 
that the surfaces experienced changes in their 
nano structure in both tropical and subtropical 
climates. The surfaces were found the be sensitive 
to hydrolysis by water and thereby the humidity in 
the tropical environment. It was also observed that 
a higher proportion of surface modification led to 
higher surface degradation.
Carbohydrates and lipids were expressed during 
the initial conidia attachment to surfaces. These 
results provide further understanding on the 
mechanism of initial conidia attachment and are 
relevant for the design of antimicrobial surfaces.  

Team: Professor Elena Ivanova (RMIT), Dr Shane 
MacLaughlin (BlueScope), Dr Nicole Pianegonda 
(BlueScope), Dr Arturo Aburto Medina (RMIT), Dr 
Vy Khanh Truong (RMIT), Phuc Le. (RMIT)

Design and Characterisation of 
Mechano-Fungicidal Surfaces 

Project B3.5

This project sought to investigate surface 
topologies that could induce antimicrobial 
characteristics, inspired by the underlying 
physical principles associated with the biocidal 
effect observed in insect wings. This research 
investigation extends to other types of nano-
patterned surfaces, both natural and artificial. 
Given the biocidal action of the surface is 
mechanical in nature, this project focussed on the 
relationship between the surface structures and 
their biocidal behaviour against fungal cells.

The aim of this activity in the broader area of anti-
fungal coatings was to provide guidance in the 
selection and implementation of topographically 
modified surfaces that may exhibit long-term 
inhibition to the infestation of fungal spores 
onto BlueScope products.  Importantly, the 

development of fungicidal surfaces that are 
capable of killing fungi and other cell types 
that attach to these surfaces based primarily on 
their surface structure, will initiate an innovative 
direction in the antimicrobial surfaces design 
as an alternative to traditional, chemical-based 
approaches.

Fungal infestation of construction products results 
in degradation of building aesthetics and of surface 
reflectivity. Antifungal organic chemical toxins are 
typically employed to reduce infestations.  They are 
often effective in single treatment doses in many 
circumstances such as agriculture and building 
interiors.  However, these materials are not effective 
against roofing infestations, even in the short term.  
In addition, the environmental toxicity of these 
chemicals is a potential sustainability and product 
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SECM for Electrochemical Characterisation of Photo-
Active Surfaces 

Project B4.1

This project assessed the potential of scanning 
electrochemical microscopy (SECM) techniques 
to interrogate the properties of an experimental 
prototype reactive surface.  Modifications of the 
surface chemistry were postulated to alter the 
local chemical environment in a way that could 
be detected by a point electrochemical probe.  
The main challenge in the work was to devise 
a technique to detect the very small quantities 
of active species that were produced, and to 
make statistically valid discriminations between 
materials.  

The intention was to apply the technique as a 
development tool to monitor changes in activity as 
a result of, for example, age, exposure environment, 
and surface composition.  Ultimately, it was found 
that the active species could not be reliably 

detected by SECM.

Team: Dr Sina Jamali (UOW), Dr Shane 
Maclaughlin (BlueScope), Dr Nicole Pianegonda 
(BlueScope)

B4 - COMMERCIALISATION/TESTING OF PRODUCTS 

Improved Paint Durability and Corrosion Inhibition
Project B4.3

Enhancing the durability of paint coatings has 
been an ongoing field of endeavour throughout 
the history of pre-painted steel coatings. Paint 
durability under UV exposure is of particular 
concern in Australia where the intensity of solar 
radiation in the UV regions of the solar spectrum 
substantially exceed that in most parts of the 
world. As such, paints developed for the Australian 
environment need to possess specific chemistries 
capable of withstanding UV-induced degradation, 
for the paint coatings to retain their colour and 
integrity through their years of service.
BlueScope has invested over many years in the 
development of more durable paints and continue 
to investigate novel approaches to achieve step-
changes in performance.  To this end, polymer 
technologies developed in recent years have 
been investigated to determine their suitability as 

surface coatings. Through the application of novel 
chemical syntheses in combination with analytical 
techniques such as Fourier-Transform Infrared 
Spectroscopy (FTIR), Nuclear Magnetic Resonance 
(NMR), mass spectroscopy, optical microscopy, 
Transmission Electron Microscopy (TEM) and 
Thermal Mechanical Analyser (TMA), it has been 
possible to demonstrate the potential for the 
utilisation of the proposed technologies.

Team: Dr Anthony Lang (UOW), Dr Shane 
Maclaughlin (BlueScope), Dr Binbin Xi (UOW), Dr 
Wilford Lie (UOW)
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Program C - Innovative Coating Technologies

This program focused on strengthening the existing capability and developing 
breakthrough technology in the field of continuous coil coating of steel. 
Fundamental knowledge on microstructure development in hot dip coatings 
through thermodynamic modelling was developed, and novel structure 
refinement techniques to improve coated product performance explored. Surface 
engineering of coatings led to novel modified surface technologies resulting in 
next generation surface treatment systems for Al-Zn coated steel.
 
These projects aimed to understand the mechanisms responsible for the 
development of stable coatings of optimal thickness during continuous coatings 
processes, which may be used to develop processing parameters that minimise 
the occurrence of surface defects associated with coating instability.

Program Leader (Academic): Professor Kazuhiro Nogita / Professor David St John, 
University of Queensland
Program Leader (Industry): Jason Hodges, BlueScope Steel Limited
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Intermetallic Formation and Development in Metal 
Coating Pot 

Project C1.1

During the manufacture of metallic coated 
products, the formation of intermetallic 
compounds (IMC) in the coating bath can 
negatively impact both product quality and 
operational efficiency.  The extent to which IMCs 
affect both the metal coating product and process 
is governed by their relative rate of generation, 
growth, and removal from the coating bath. This 
project investigated operational factors to control 
the generation and growth of IMC particles in the 
coating bath to optimise the coating process. 

Bringing together Ma Qian, Abdul Khaliq and Syed 
Islam with BlueScope technologists Daniel Parker, 
Nega Setargew and Jason Hodges, the knowledge 
developed is targeted to deliver improvements in 
the manufacturing efficiency and quality of next-
generation metallic coated steel products.

This project undertook both experimental 
and numerical studies to understand (i) the 
mechanisms by which Fe dissolution occurs from 
the steel strip into the coating bath, (ii) the IMC 
agglomeration and growth behaviour, and (iii) the 
kinetics of IMC precipitation and dissolution in the 
coating alloy bath.

To help understand the mechanism and rate of 
Fe-dissolution from the steel strip surface, specially 
designed iron-foil samples were dipped into a 
simulated alloy bath environment using BlueScope’s 
hot dip process simulator (HDPS). Systematic 
experiments were carried out with respect to a 
broad range of foil preheat temperatures at different 
dipping times to quantify Fe loss and identify the 
mechanisms of Fe-foil thickness reduction through 
advanced characterisation and calculations. 

These investigations led to the development of 
an improved fundamental understanding of the 
dissolution of Fe from the steel strip surface within 
the first 30 milliseconds of entering the alloy bath. 
Optimised conditions to minimise Fe dissolution 
from the steel strip were determined from this 
research.  

The kinetics of Fe-based IMC precipitation, growth 
and dissolution in the liquid coating alloy were 
investigated via systematic exploration of melt 
cooling rates and melt temperature perturbations. 
The dissolution kinetics of the IMC phase in a 
simulated coating alloy bath environment was 
quantified through the development of a novel 
powder metallurgy and hot dipping approach 
under various processing conditions. The dominant 
mechanisms for IMC coarsening in the coating 
alloy were investigated under quiescent and 
dynamic melt stirring conditions and confirmed 

by subsequent metallographic evaluation of 
IMC morphology and particle size distributions.  
This research led to a broad range of useful new 
experimental observations, which form a new 
experimental basis for understanding the kinetics 
of IMC precipitation and dissolution in the coating 
alloy bath. 

In summary, this project significantly improved 
the fundamental basis for the quality production 
of a widely used commercial product (coated 
steel strip) through uniquely designed systematic 
experimental studies, in-depth characterisation, 
thermodynamical simulations, mass-balance based 
calculations and comparison with production data. 

Team: Professor Ma Qian (RMIT), Daniel Parker 
(BlueScope), Syed Islam (RMIT), Professor David 
StJohn (UQ), Jason Hodges (BlueScope), Abdul 
Khaliq (RMIT), Dr Nega Setargew (BlueScope)
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Liquid Metal Processing and Coating Quality 
Project C2.1

The continuous high-speed deposition of defect-
free metallic coatings, thinner than a human hair, 
on steel substrates is a challenging and important 
industrial process.   The physical properties of the 
liquid coating prior to and during solidification 
are thought to play an important role in coating 
quality. Current knowledge of the formation 
of these coatings suggests that the physical 
properties of the liquid and the various interfacial 
considerations all play a crucial role in coating 
formation. 

This project’s aims were to generate new 
fundamental knowledge of liquid alloy properties, 
such as surface tension and fluidity, and 
understand how these vary with processing 
conditions, alloy composition and atmospheric 
exposure. The project team was led by Kazuhiro 

Nogita, David StJohn, Dongdong Qu, Matthew Gear 
and Stuart McDonald, and worked closely with 
BlueScope’s Wayne Renshaw, Nega Setargew and 
Jason Hodges. 

The project specifically investigated Al-Zn metallic 
alloy coatings, with the objective of unlocking 
additional economic and environmental benefits 
arising from more efficient use of alloy coating, 
such as reduced energy consumption and raw 
materials usage.

The production of thinner, defect-free metallic 
coatings on a steel substrate requires a 
comprehensive understanding of the physical 
properties of the liquid alloy coating leading up 
to and including its solidification.  The research 
challenge was to extend the current knowledge 

and data on the liquid alloy’s physical properties, 
and its interfacial behaviours with the atmosphere 
and steel substrate.  These all play a crucial role in 
coating formation.

This project has generated new fundamental 
knowledge of relevant liquid alloy properties, such 
as surface tension and liquid fluidity.  It has also 
assisted in better understanding the solidification 
process through determining the relative liquidus 
and freezing ranges of the liquid alloys and the in-
situ observation of microstructural evolution using 
the SPring-8 synchrotron, the world’s largest third-
generation synchrotron radiation facility. 

Through the data generated from this project, 
a change to the processing conditions has been 
proposed to improve the coating surface stability. 
In the medium-term, this will be assessed at 
BlueScope; while in the near-term, this new data 

will inform other related research projects within 
the Hub, including numerical simulation to 
optimise coating mass control.
A particular highlight of the research to-date is the 
use of micro X-Ray fluorescence at the Australian 
Synchrotron (AS), which has allowed BlueScope to 
better understand the potentially important role of 
trace elements (present in only parts-per-million) 
on the coating process and coating properties.  
More broadly, this has created awareness of the 
advantages of synchrotron research for BlueScope-
related research.

Team: Professor Kazuhiro Nogita (UQ), Wayne 
Renshaw (BlueScope), Dongdong Qu (UQ), Matt 
Gear (UQ), Dr Stuart McDonald (UQ), Dr Nega 
Setargew (BlueScope), Professor David StJohn 
(UQ), Jason Hodges (BlueScope)
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Fluid Dynamic Phenomena Affecting the Liquid Coating 
Quality in the Jet Stripping Line

Project C2.3

In an industrial continuous galvanizing process 
(CGL), the metallic alloy coating is initially applied 
in a continuous manner to both sides of a steel 
substrate by passing the moving strip through 
a bath of molten metallic alloy. Jet stripping, 
performed immediately upon exit from the coating 
bath, establishes a thin uniform coating. The 
smoothness of this thin metallic alloy coating on 
the steel substrate depends significantly on the 
stability of conditions at the air-knives used to 
remove excess coating during jet stripping.

This project aimed to understand the complex fluid 
dynamic mechanisms and interfacial phenomena 
associated with the fluctuation of the air-knives 
and the response of the liquid coating surface to 
such instability. This knowledge would be used 
to identify methods to optimise process line 

parameters to control surface quality.  Various 
sophisticated computational and experimental 
techniques were employed to elucidate and 
validate these mechanisms by the research team, 
led by Buyung Kosasih, Andrew Johnstone, Le 
Quan Phan and Rubel Ahmed.  The team worked 
very closely with BlueScope’s Wayne Renshaw and 
Andrew Dixon.

The project has developed a numerical coating 
model to predict the coating thickness behaviour 
in order to assess its sensitivity to fluctuations in 
the wiping jet flow. Jet flows are known to exhibit 
fluctuations that occur over a broad frequency 
range, primarily due to the presence of turbulent 
structures of various scales in the jet flow. 
Consequently, these fluctuating jet flows exhibit 
inconsistency in their effectiveness of wiping the 

coating. This has direct implications for the quality 
of the surface of the metallic alloy layer produced 
using the CGL process.

Using the numerical model, the unsteadiness of 
the actual wiping jets was mimicked. The results 
showed exceedingly strong frequency dependence 
in the degree of coating thickness variation. 
Through this low-cost, quick and flexible numerical 
approach, a general frequency dependence of 
the coating was identified. This highlighted a 
critical operating threshold that produces either a 
smooth or rough coating finish of the metallic alloy 
coating. This identified link between jet fluctuation 
frequencies and coating thickness response has 
been employed in the planning of laboratory-scale 
experiments carried out at BlueScope facilities and 
can be used to assist selection of jet operational 
settings in industry and optimisation of jet design.
A complimentary experimental approach to this 
challenge was also undertaken, through the 
development of a test rig to simulate the plant air 
jets. The test rig has proven capable of reproducing 
the wall pressures seen in the computational flow 
dynamic results and, in doing so, has provided data 
for validation of a Large Eddy Simulations (LES) 
methodology. These experimental data reinforced 

the confidence in the use of LES for impinging 
planar jet dynamic study and in the subsequent 
parametric study of the set of practical jet 
operating parameters to control the rate of vortex 
formation and vortex mixing which can lead to 
more stable wiping jet (air knife).

In addition to the aforementioned dependencies, 
the effectiveness of the jet wiping process 
was anticipated to be sensitive to the dynamic 
behaviour of liquid coating as it is dragged out 
of the liquid bath by the strip. To investigate this 
further, an advanced numerical tool based on 
particle-based Smoothed Particle Hydrodynamics 
(SPH) is under development. This will investigate 
the effects of the liquid coating surface tension 
and the mutual liquid-strip adhesion and cohesion 
forces on the interrelated stability of the meniscus 
region and dynamic behaviour of the drag out flow 
carried by the strip in the region between the bath 
surface and the jet wiping zone.

Team: Associate Professor Buyung Kosasih 
(UOW), Wayne Renshaw (BlueScope), Dr Andrew 
Dixon (BlueScope), Dr Andrew Johnstone (UOW), 
Le Quang Phan (UOW), Rubel Ahmed (UOW)
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Surface Treatment of Mg Containing Metallic Coatings 
Project C3.1

The identification of next generation corrosion 
inhibitors for surface treatment of metallic coated 
products is a R&D priority for manufactures of 
coated products.  Increased product life arising 
from the use of anti-corrosion treatments 
with reduced environmental footprints, while 
maintaining similar economics to traditional 
treatment solutions, is desired.

Led by Yue Zhao, Sina Jamali and Thomas Jurak, 
Project C3.1 explored alternative surface treatment 
approaches to provide increased protection to 
coated steel product in the down-stream supply-
chain, as well as uniform weathering of metallic 
surface finish in service. Any proposed solution to 
this global challenge must ensure compatibility 
with current high-speed production lines and 
overcome economic and operational parameters 

which limit the choice of alternate inhibitors. This 
team worked closely with BlueScope’s existing 
expertise in coatings, including Joe Williams, Peter 
Riley, Abhishek Saxena, and Jason Hodges.

In addition to the need for an alternate corrosion 
inhibition system, this project sought to increase 
the understanding of ‘wet stack corrosion’, which 
can occur when the metal coated product is 
stored as a coil post manufacture or after forming 
of the product into tightly nested sheet profiles, 
which can result in the formation of undesirable 
aesthetics on affected surfaces.

The research identified promising and complying 
candidate compounds and techniques, with 
experiments enabling the evaluation of their 
potential in meeting a range of industry specific 

performance criteria. This research helped advance 
novel approaches in manipulating the surface 
chemistry of the metal for improved interaction 
between the metal surface and subsequent 
protective layers. There were advancements in 
developing a new class of inhibitor compounds and 
passivation methods to achieve a more effective 
corrosion protection in anaerobic environments. 

One other aspect of the research was the 
development of a novel Electrochemical Noise 
Measurement (ENM) technique that simulates the 
wet stack environment and provides quantitative 
electrochemical data. There are significant 
advantages to using an electrochemical test; first, 
significantly faster testing times (hours rather than 
weeks) and second, quantitative electrochemical 
data can be used to study corrosion mechanisms 
and rates. Understanding the mechanism of wet 
stack corrosion is critical in developing alternative, 
environmentally friendly corrosion inhibitors, and 
accurate quantitative data is required for robust 
physical models. Unlike other electrochemical 

testing methods, ENM is achieved without the 
need for polarization of the sample, making the 
test non-destructive and permitting continuous 
monitoring over time. 

A mathematical model was developed to 
demonstrate conclusively the effects of electrode 
impedance on noise data, which has important 
consequences for the use of ENM to assess real 
world corrosion events in the field. The outcomes 
of this project can lead to faster and more informed 
evaluation of the corrosion performance of metal 
materials while delivering more environmentally 
friendly alternatives to traditional chemical 
treatments.

Team: Associate Professor Yue Zhao (UOW), Dr 
Joe Williams (BlueScope), Dr Abhishek Saxena 
(BlueScope), Dr Sina Jamali (UOW), Thomas Jurak 
(UOW), Jason Hodges (BlueScope), Dr Peter Riley 
(UOW) 

C3 – SURFACE ENGINEERING 
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Structure and Development of Surface Oxides on Mg 
Containing Galvanic Coatings of Metallic Coating Steel 
Products

Project C3.2

In 2013, BlueScope commercialised a next 
generation Al-Zn-Mg-Si (AM) coated steel product.  
The AM coating provides increased corrosion 
resistance relative to previous generation products 
and as a result, strengthened the competitiveness 
of Australian manufactured coated steel in global 
building and construction applications. 

A thin layer of native oxide is formed on the surface 
of the AM coating during manufacture which, 
although representing a relatively small volume of 
the coating, is thought to play a significant role in 
solidification processes. In this research activity, a 
dedicated and advanced TEM sample preparation 
method using a focused ion beam miller (FIB) was 

successfully developed to produce a wedge shaped 
TEM lamella with the oxide layer at the thin end 
at about 50 nm in thickness, which is crucial to 
the high resolution TEM analysis of the oxide layer. 
Samples of AM metallic coated product, prepared 
using BlueScope’s Hot- dip Process Simulator 
(HDPS), were characterised using combined SEM 
and high resolution TEM including nano-diffraction 
and EDS (aberration-corrected STEM combined 
with x-ray microanalysis) to elucidate the nature of 
the oxide and its relationship with the underlying 
coating. 

SEM and TEM imaging of the microstructure of the 
native oxide layer showed that the oxide layer was 

several nanometers thick and reasonably uniform. 
However, the chemistry of the layer was far from 
uniform. Importantly, the chemistry was not only 
closely related to the chemistry of the adjacent 
metal coating but more related to the formation 
temperatures.  High-resolution STEM/ EDS maps 
of the thin native oxide illustrated the complex 
distributions of the four most relevant elements 
O, Mg, Al and Si. Atomic resolution TEM imaging 
revealed that some parts of the native oxide are 
crystalline while other are amorphous with no 
correlation to the underlying microstructural 
features. 

The dedicated sample preparation method 

developed was extremely valuable to high-
resolution TEM analysis of surface coatings, 
enabling the characterization of the native oxide 
layers. 

Team: Dr Zhixin Chen (UOW), Monika 
Wyszomirska (UOW), Dr Joe Williams 
(BlueScope), Jason Hodges (BlueScope), Dr 
Stewart Ford (BlueScope), Les Moore (BlueScope), 
Tom Schambron (BlueScope), Dr Gilberto Casillas-
Garcia (UOW), Dr Azdiar Gazder (UOW), Professor 
David St John (UQ)
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Anti-Corrosion Treatment of Al-Zn-Mg-Si Metallic 
Coatings 

Project C4.1

Complementing Project C3.1, this research activity 
aimed to identify, and develop a mechanistic 
understanding of, alternative anti-corrosion 
compounds to increase the effective corrosion 
resistance provided by surface treatments for next 
generation Al-Zn-Mg-Si (AM) metallic coatings.

The traditional approach to passivation has been to 
apply a chemical conversion coating treatment, in 
which the surface of the metal coating is converted 
to a highly stable inorganic oxide. With the 
development of the Mg-containing alloy coatings, 
the challenge of achieving a consistent conversion 
coating is complicated by changes to the metallic 
coating surface properties. 

The first key difference is the presence of Mg oxides 
in the native oxide. The second is Mg containing 

intermetallic phases on the coating surface. The 
effective reactivity of these Mg containing phases 
is high and there is considerable non-uniformity 
on multiple scales, both spatial and temporal. 
These include micro scale variation dendritic and 
interdendritic regions, macro scale variation due 
to metal coating thickness fluctuations, etc., and 
time scale variations due to day to day operating 
conditions. Variations in the metallic coating 
surface are considered an inescapable “fact of life” 
in a large scale production facility.

The research undertaken was directed towards 
developing an improved surface treatment 
for the Al-Zn-Mg-Si (AM) coating. The broad 
objectives were to unambiguously understand the 
dissolution associate with AM coatings in aqueous 
environments, as a precursor to effective corrosion 

resistance provided by new surface treatments. 
Nick Birbilis, Sebastian Thomas, Guilherme Sander 
and Oumaima Gharbi, investigated surface 
treatment of AM metallic coatings, and worked 
closely with Yue Zhao, Sina Jamali and Thomas 
Jurak and BlueScope’s Abhishek Saxena, Joe 
Williams and Jason Hodges.  

Some of the early research outcomes include 
the application of a novel online ICP (inductively 
coupled plasma) technique to understand 
dissolution of alloy coatings and to further 
understand the dissolution of targeted phases, 
under a range of conditions. On the basis of these 
early results, a broad range of corrosion protection 
compounds have been trailed and selected for 
ongoing trials at BlueScope.

Team: Professor Nick Birbilis (Monash), Dr 
Sebastian Thomas (Monash), Guilherme Sandar 
(Monash), Dr Oumaima Gharbi (Monash), Dr 
Abhishek Saxena (BlueScope), Dr Joe Williams 
(BlueScope), Jason Hodges (BlueScope)
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Program D - Sustainable Steel Manufacturing Platforms

This program was designed to help transform Australia’s competitiveness in 
iron and steelmaking, with attention to both economic and environmental 
sustainability: for economic sustainability, through enhanced productivity 
and flexibility of raw material usage in steelmaking, and for environmental 
sustainability, through lower greenhouse gas emissions and greater recycling of 
plant waste. The research provided a clearer, more comprehensive understanding 
of the characteristics of various iron-bearing, by-product materials generated 
in a steel plant that assists in identifying low-capital processing technologies. 
Research projects on blast furnace life extension and productivity involving 
advanced computational modelling techniques assisted in better understanding 
the complex particle-equipment interactions that underlie the wear of protective 
linings and the multiphase flows through packed coke beds, respectively.

Program Leader (Academic): Professor Brian Monaghan, University of Wollongong 
Program Leader (Industry): Dr Sheng Chew, BlueScope Steel Limited
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Effects of Retained BOS Slag on Refractory Wear 
Project D1.1

Basic Oxygen Steelmaking (BOS) remains the 
predominant steelmaking process worldwide. 
While there has been much work carried out on 
the effects of BOS slag composition on carbon-
bonded magnesia refractories, there has been 
little that has dealt with the specifics of retained 
BOS slag practice on refractory wear. While this 
slag practice focuses on increasing the steel yield 
in the vessel, its use favours early slag formation in 
the BOF that results in a different slag evolution. 
As such, the changes in slag formation can have 
profound effects on the physicochemical properties 
of the slag (viscosity, species chemical activity, 
interfacial tensions), how it flows in the BOS vessel 
and therefore, how it reacts with refractories.

This project, led by Brian Monaghan, Geoff 
Evans and Ai Nguyen, was aimed at providing 

a fundamental understanding of the effects of 
retained slag practice on furnace refractory wear. 
This would inform on the most effective strategy 
for BOS vessel operation with respect to balancing 
flux / slag composition targets with refractory 
wear and maintenance. The importance of this 
work would be in extending the life span of the 
BOS refractories, leading to a decrease in the cost 
per tonne of steel and decreasing the amount 
of waste, thereby improving the economic and 
environmental sustainability of the steelmaking 
process.

Experimental techniques such as a high 
temperature sessile drop method were utilised 
to assess the dynamic wettability of BOS slags on 
MgO refractories, as the corrosion of refractories 
is significantly affected by the slag-refractory 

wettability. Due to its lower basicity, retained 
slag was shown to be more wetting than normal 
slag. Experimental results have also shown that 
refractory corrosion increased with increasing slag 
velocity at the interface, and that an increase in the 
MgO content of slag decreased corrosion rates.

Team: Professor Brian Monaghan (UOW), 
Professor Geoff Evans (UON), Thi Diem Ai 
Nguyen (UOW) David Scimone (BlueScope), Dr 
Michael Chapman (BlueScope), Dr Guangqing 
Zhang (UOW), Andrew Jacobs (BlueScope), 
Kamini Wijekulasuriya (BlueScope), Ian Kennedy 
(BlueScope), Dr Ray Longbottom (UOW)

D1 ECONOMIC SUSTAINABILITY AND ADVANCED MANUFACTURING
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A Fundamental Study into the Use of Different Ferrous 
Ores on Melt Characteristics of Sinter

Project D1.2

The primary aims of this research were to develop 
a fundamental understanding of, and capability to 
assess, the effects of using different Australian iron 
ores on the melt characteristics of raw materials 
in the sinter blend. This knowledge would help 
to better understand sintering mechanisms 
and improve the sinter quality and productivity 
of the plant. This project also established cost-
effective, bench-scale experimental capabilities to 
investigate raw material interactions prior to either 
pilot-scale or plant trials. 

The research team was led by Guangqing Zhang, 
Brian Monaghan, Huibin Li and Paul Zulli. They 
worked very closely with industry researchers, 
David Pinson and Sheng Chew. 

The mineral phases in the iron ores were 

systematically characterised. A tablet testing 
technique was developed by which the interaction 
between iron ore phases and fluxes (lime, quartz, 
etc.) were examined to better understand the 
evolution of the mineral phases during sintering. 
Cubes of iron ores with different mineral phases 
exposed on the surface were pressed into tablets of 
flux matrix and sintered at different temperatures 
and gas atmospheres. The interfaces between ore 
cubes and fluxes were examined to identify the 
extent and mechanisms of the interaction between 
ores and fluxes.

A small-scale sintering pot (millipot) facility was 
established and demonstrated to be useful for 
the examination of the sintering performance 
of iron ores and other non-traditional ferrous 
materials. The sinter blend design work provided 

new fundamental knowledge for optimising sinter 
blend performance for use of lower-cost iron ores 
such as goethite ores. These ores have mineralogies 
that may be relatively simple, but the textures are 
often complex and may contain impurities which 
can negatively influence downstream processes, 
including the sinter plant and blast furnace.

Based on a comparison of the microstructure 
and mineral composition of the sinter products 
produced, a sintered tablet (1275 °C, 0.5% oxygen 
atmosphere for 4 minutes, followed by further 
sintering in air) and a millipot-produced sinter 
(coke rate 6%, suction pressure 14.0 kPa/m during 
ignition and 28.8 kPa/m during sintering) were 
determined to be most similar to the actual 
industrial sinter investigated. 

Overall, this project demonstrated that when 
goethite iron ores are used for sinter production, 
their interaction with lime occurs at lower 
temperatures than with hematite ores, and so the 
sintering conditions should be adjusted accordingly. 

Team: Dr Guangqing Zhang (UOW), Professor 
Brian Monaghan (UOW), Huibin Li (UOW), Dr 
David Pinson (BlueScope), Dr Sheng Chew 
(BlueScope), Dr Paul Zulli (UOW)
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Development of a Fundamental Particle Scale Approach 
to Modelling Blast Furnace Charging Phenomena 

Project D1.4

Ironmaking blast furnaces are typically charged 
with alternating layers of granular coke and ferrous 
burden materials using a rotating chute that 
distributes materials circumferentially around the 
furnace throat. Although rotating chute designs 
offer a significant degree of control, there are 
many phenomena where an operator has only 
limited ability to control the fundamental granular 
behaviours that impact the final distribution. 
Empirical models describing the movement of 
granular particles on the rotating chute have been 
developed using stream trajectory and volume 
filling/slope stability formulations. However, 
these require significant effort in measuring the 
parameters that describe these phenomena.

This project aimed to deliver advanced offline 
models for use in planning and evaluation, 
providing predictions of radial ferrous and coke 
distributions including the effects of gas flow and 
particle properties and ultimately, to enhance 
the decisionmaking capability of blast furnace 
engineers. 

Under the supervision of Zongyan Zhou, Yinxuan 
Qiu has developed particle-based simulation 
models (Discrete Element Model, DEM) and 
coupled fluid dynamics/particle-based models 
(CFD-DEM ) to provide this deeper understanding 
of burden distribution under conditions similar 
to BlueScope’s blast furnace. Development of 

these next generation models may enable the 
step change in operational control needed to fully 
exploit modern multicomponent burdens. 

The DEM and CFD-DEM models were initially 
validated.  In the case of DEM, the particle size 
distribution, particle contact model, sliding and 
rolling friction coefficient, and particle stiffness 
were calibrated and validated using experiments 
and literature results.  Fluidized bed data were 
used for the CFD-DEM framework calibration.  

Using these models, burden trajectory and burden 
layer formation were examined. For example, 
particle trajectories under the effect of gas flow 
in the region above the burden surface were 
determined using a 2D model. Modelling results 
showed smaller particles being affected by gas 
drag once they left the chute, with the gas flow 
able to change the material stream distribution 
and causing material segregation near the 
burden surface. The 2D slot model was also used 
to show the layer formation and burden profile 

after charging several material batches, including 
describing the phenomenon of coke gouging by 
the ferrous material stream.

A 3D model geometry was also developed to 
better target the burden distribution process. The 
burden layers formed by these different models 
were compared and an optimized sector model 
was set up. As the gas flow changed, different 
burden layer profiles were shown. Using the 3D 
sector model, it was found that particle percolation 
at the interfaces between burden layers directly 
influences the permeability of the burden in the 
shaft of the blast furnace.

These unique models are capable of providing new 
information to help drive improved operational 
decisionmaking at BlueScope.

Team: Dr Zongyan Zhou (Monash), Dr David 
Pinson (BlueScope), Dr Sheng Chew (BlueScope), 
Yinxuan Qiu (Monash)
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Effect of Retained BOS Slag on Trunnion Refractory 
Wear

Project D1.5

The purpose of a refractory (carbon bonded 
magnesia) lining in a Basic Oxygen Steelmaking 
(BOS) furnace is to provide containment of 
liquid steel over several thousand batches. 
Refractory relining has a significant impact on 
the overall conversion cost per tonne of steel. 
Wear of refractory lining during oxygen blowing is 
experienced over time due to splashing of molten 
slag/metal on the refractory, which leads to a 
combination of thermal, mechanical and chemical 
stresses. 

It is known that the chemical degradation of 
the refractory lining is caused by (i) oxidation of 
carbon and dissolution of MgO from the refractory 
lining (MgO‐C) into this liquid slag and (ii) liquid 
infiltration into the porous refractory brick. Such 
interaction between slag and the refractory 

materials depends on the composition of the 
respective phases, which critically governs the 
refractory surface wettability. 

The aim of this project was to investigate the 
complex flow behaviour in the BOS furnace 
and develop a multiphase numerical model to 
quantify the refractory lining erosion effect due 
to stirring of liquid steel and molten slag during 
blowing of supersonic oxygen streams using an 
appropriate CFD framework. This would elucidate 
the mechanism for varying refractory wear rates 
dependent on position within the BOS furnace. 

Informing BOS vessel operators with regard to 
refractory selection was important to combat 
either chemical or physical erosion at these 
positions. Strategic selection resulting in more 

uniform wear over all regions would extend the 
refractory campaign resulting in financial and 
environmental benefits. 

The CFD outputs included predictions of the 
dynamics of jet interaction with the molten bath 
and the extent of liquid flows especially near 
vulnerable trunnion and knuckle locations on 
the lining where the effect of flows induces shear 
stress. CFD simulations of splashing retained slag 
using low pressure nitrogen to achieve a protective 
slag coating were utilised to assess feasibility and 
optimise full scale plant trials. 

The experimental program investigated the 
protective coating formation behaviour during 
impingement of molten droplets on a solid surface 
at different impact velocities, using both optical 

and thermal high-speed imaging techniques. A 
separate multiphase model coupled with heat 
transfer investigated the droplet spread (coating) 
area and associated solidification time. 

Team: Professor Geoff Evans (UON), Professor 
Brian Monaghan (UOW), David Scimone 
(BlueScope), Raju Chowdhury (UON)
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The Effect of Ti on the Kinetics of Phosphorus Removal 
During BOS Steelmaking

Project D1.6

Utilisation of iron ores (ironsands) with higher 
titanium (Ti) content has prompted further 
investigation into the effects of Ti on the removal 
of phosphorus (P) from steel. Phosphorus in steel is 
traditionally controlled by selecting low P iron ores; 
however, P content in ores is increasing globally 
and low P ores are attracting premium prices.  
Lower cost ores also tend to be high in other 
impurities, with the potential to adversely impact 
performance.

The research team of Brian Monaghan, Ray 
Longbottom and Phillip Drain was focussed on 
developing a more complete understanding of the 
effects of titanium (as [Ti] and TiO2) in the Basic 
Oxygen Steelmaking (BOS) charge on the removal 
of phosphorus (P) from the steel. 

A specific focus in this research was to separate 
the effects of Ti on the physical properties of the 
slag and the chemistry of P transfer from steel 
to slag.  The reaction is difficult to control due to 
limited understanding of the reaction kinetics 
and, in particular, the reaction area is difficult to 
define. A key question addressed in this work was 
whether it was possible to distinguish the effects 
of Ti on the prevailing partial pressure of oxygen 
for de-phosphorisation, from the effects of Ti-
based oxides on the slag properties and hence, 
on de-phosphorisation.  Equilibrium slag/metal 
partition experiments were utilised to determine 
the thermodynamic effect of [Ti] and TiO2 on the 
dephosphorisation reaction, while metal droplet 
quench experiments enabled the effect of TiO2 
on the kinetics of the dephosphorisation reaction 
to be determined.  An analysis of industrial data 

using published partition equations allowed 
determination of any observable correlations 
between TiO2 and other minor oxides (Al2O3 and 
V2O5) on the dephosphorisation reaction.

At a fundamental level, the research found that 
both [Ti] and TiO2 inhibited the dephosphorisation 
reaction at equilibrium by decreasing the slag 
basicity and that [Ti] decreased the pO2, which 
further inhibited the dephosphorisation reaction. 
However, TiO2 was observed to increase the 
dephosphorisation rate in the metal droplet 
experiments. Given dephosphorisation is known to 
be a mixed slag/metal mass transport controlled 
reaction, the increased dephosphorisation rate 
was attributed to the formation of the Ti3+/Ti4+ 
pair improving the mass transport of oxygen in the 
slag. The analysis of plant data has allowed for the 
development of improved plant dephosphorisation 
models.

From a plant perspective, the thermodynamic 
and kinetic data obtained from high‐temperature 

experiments were incorporated into a) an 
operational model that accurately predicted the 
steel’s final P composition enabling a reduction in 
P reblows, and b) a model to optimise flux usage, 
plant practices and incoming P loads, reducing the 
overall cost of converting iron ores into steel.

The new industrial P prediction model has already 
been implemented at Port Kembla Steelworks with 
significant financial savings.  The next step is the 
implementation of the new flux model developed 
as part of this study. Further development of these 
models to incorporate the kinetic data, as well as 
experimental studies on the effect of TiO2 on BOS 
slag viscosity and confirmation of the formation of 
the Ti3+/Ti4+ pair in BOS slags, may be avenues of 
future research.

Team: Professor Brian Monaghan (UOW), Phillip 
Drain (UOW), Dr Sheng Chew (BlueScope), Dr 
Michael Chapman (BlueScope), Dr Guangqing 
Zhang (BlueScope), Andrew Jacobs (BlueScope)
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Data Mining Applications and Digital Signal Processing 
in Primary Operations

Project D1.7

Utilisation of machine learning techniques such 
as data mining provides an objective means of 
identifying valid and useful structure or patterns 
in large, complex, multi-factorial and highly 
coupled data sets, as found in integrated steel 
manufacturing plants. 

This case-study based research project was 
undertaken for just over one year by UOW’s Dr 
Shahab Pasha, supervised by Dr David Stirling 
and Professor Christian Ritz, and supported by Dr 
David Pinson and Dr Sheng Chew from BlueScope.  
The project focused on assessing the applicability 
and value of data mining techniques to the iron 
and steelmaking operations, through a series 
of caste studies utilising signal processing and 
spatiotemporal data mining techniques.

Case Study 1: Temperature-based assessment of 
Waste Gas Cleaning Plant condition
The objective of this case study was to restore, 
through data mining and signal processing 
techniques, a critical inlet-outlet temperature 
correlation utilised for operational control at the 
sinter plant’s Waste Gas Cleaning Plant (WGCP). 
An additional source of dilution air had generated 
short-cycle fluctuations in the inlet temperature 
of the gas passing through the WGCP adsorber 
beds, which obscured the underlying temperature 
trends within the adsorbers. This distortion 
decreased the inlet-outlet gas temperature 
correlation. Despite the application of several signal 
processing techniques such as moving averages, 
low pass filters and SAX techniques, it was not 
possible to extend the previously used inlet-outlet 
temperature correlation i.e. between the booster 
fan temperatures and filter bed temperatures.

Case Study 2: Acoustic monitoring of the sinter 
strand
The objective of this case study was to identify 
and locate abnormal conditions within the sinter 
strand such as gas short-circuiting and damaged 
pallets based on acoustic monitoring. For this, 
acoustic data accompanied by visual monitoring 
and plant operating parameters were collected. 
Machine learning, including deep learning, was 
then utilised to resolve these acoustic sounds from 
audio recordings of the operating sintering plant.  
Based on recordings for both normal operating 
and damaged pallets, three types of classifiers 
were used: a Support Vector Machine, J48 decision 
tree and a Recurrent Neural Network (RNN) 
deep-learning based classifier. The initial results 
indicated that the RNN could classify acoustic 
sounds from damaged pallets with an accuracy of 
~82%. This activity provided an initial framework 
for developing a continuous on-line monitoring 
system, with future trials most likely to continue 
based on extended sampling of microphone 
recordings of the sinter plant strand.

Case Study 3: Visual monitoring of the blast 
furnace tuyere
The objective of this case study was to process 
and characterise blast furnace (BF) tuyere image/
signal data in order to assess the pulverised coal 
(PC) lance condition, coal plume dynamics, and the 
overall tuyere condition and raceway behaviour. 

Existing datasets and background material were 
provided by BlueScope to undertake preliminary 
analysis of video streams collected at different 
tuyeres located around the BF circumference. A 
previously published approach was used involving 
analysis of the PC cloud and particles in the tuyere 
images, leading to information concerning the PC 
mass flow and plume size.

Case Study 4: New process understanding 
through historical data mining
The general objective of this case study was 
to explore unsupervised data mining of 
historical process datasets to identify previously 
unrecognised features and patterns. The specific 
aim of this data mining activity was to interrogate 
BF uptake temperatures and to explore and 
identify repeatable and/or changing patterns in 
this dataset and correlate these with the repeated 
material charging sequence in the furnace. As a 
result, a proof of concept was established for real-
time monitoring of the materials charged using 
surrogates of uptake temperatures and furnace 
pressures.

Team: Associate Professor David Stirling (UOW), 
Professor Christian Ritz (UOW), Dr Shahab Pasha 
(UOW) Dr Sheng Chew (BlueScope), Dr David 
Pinson (BlueScope), Dr Paul Zulli (UOW)
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A Fundamental Understanding of Processing Limits in 
the Blast Furnace

Project D1.8

This project addresses a key strategic issue faced 
by all steel producers and their raw materials 
suppliers, being the selection of a suite of raw 
materials, the properties of which optimize the 
performance of each specific blast furnace (BF), 
particularly in terms of productivity and overall 
operating cost.  From an operational perspective, 
one of the important goals is to determine how 
to attain a more productive operation at higher 
rates of pulverized coal injection (PCI), using an 
optimal blend of raw materials.  In more recent 
times, empirical observations suggest that the BF 
limitations are in the BF lower zone, particularly 
in relation to molten liquids hold-up and flooding 
phenomena.  This results in changes in the 
gas distribution, leading to permeability and 
heat loss control issues.  Therefore, linking raw 
material properties with BF input and operational 

parameters, such as PCI, slag rate and coke 
strength, should make it possible to derive the 
most relevant, inherent relationships for “value-in-
use” determinations made by steel companies. 

The aims of this fundamental research project 
were threefold. First, to characterize and quantify 
the wettability of molten slag and hot metal under 
realistic BF operational conditions. Second, to 
investigate the interactions of different material 
phases under conditions approaching flooding in 
a packed coke bed. Third, to investigate the flow 
behaviour of molten liquids in a packed coke bed 
under high and low temperature experimental 
conditions.

The project addressed these aims using 
both experimental and numerical modelling 

approaches, bringing together high temperature 
experimental (Apsara Jayasekara) and 
computational modelling (Xuefeng Dong) expertise 
under the direction of Brian Monaghan and Paul 
Zulli.  Support from industry included Dominique 
Sert, Pascal Gardan and Rodolfo Paulo Santos 
Ferreira from ArcelorMittal and Sheng Chew and 
David Pinson from BlueScope. 

Over the course of this project, several key basic 
research outcomes were achieved. The new 
methodologies implemented for determining 
the wettability of molten slag and hot metal on 
coke and graphite substrates, permitted contact 
angle measurements of molten slags with varying 
Al2O3 content to be determined.  A novel high 
temperature funnel-shaped apparatus, which 
mimicked the pore structure of a packed bed, was 
used to assess and rank the flowability of molten 
slags and hot metal of different compositions. 
These experimental results were then compared 
with computational fluid dynamic simulations 
of the funnel geometry. These numerical results 

provided a more detailed description and deeper 
understanding of the interactions between molten 
slag, hot metal and carbonaceous phases.  

Finally, a high temperature, lab-scale facility was re-
designed to provide supply-drain curves for molten 
slag flow through a coke bed.  These curves provide 
an indication of steady state behaviour, as well 
as data for estimating liquid residence time and 
holdups in the packed bed.  Together with contact 
angle data generated in WP1, these data were 
used to establish holdup correlations (both static 
and dynamic) for use in a computational model 
describing the flow behaviour of molten liquids in a 
packed bed.

Team: Dr Xuefeng Dong (UOW), Dr Apsara 
Jayasekara (UOW), Professor Brian Monaghan 
(UOW), Dominique Sert (ArcelorMittal), 
Pascal Garden (ArcelorMittal), Rodolfo Paulo 
Santos Ferreira (Bluescope), Sophie Clairay 
(ArcelorMittal), Dr David Pinson (BlueScope), Dr 
Sheng Chew (Bluescope), Dr Paul Zulli (UOW)
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Productivity and Campaign Life Improvements Through 
Development of Numerical Models of the Ironmaking 
Blast Furnace  

Project D1.9

In pursing higher production levels and longer 
life of high-capital manufacturing assets, Liberty 
OneSteel has significant interest in developing 
and utilising process modelling tools for planning 
and designing their blast furnace (BF) operations 
at Whyalla. Of particular significance are the 
management of the hearth and the optimisation of 
raw materials charged to the BF.  

This long-term research project involves the 
development of new fundamental understanding 
in three key BF operational areas: a) material 
burden layering near the BF wall, b) overall in-
furnace conditions of the BF and c) heat transfer in 
the Whyalla BF hearth and refractory protection.  

The first is concerned with understanding the 
layering of individual burden profiles for ore/pellet 
and coke materials, and optimising the parameters 
to describe more precisely these near-wall profiles. 
The second involves the enhancement of a 
comprehensive global BF model that predicts the 
internal state of the process and assists operations 
in designing the optimal conditions for attaining 
the targeted productivity levels, hot metal quality 
and other process demands. The third is to evaluate 
the current BF campaign for helping the hearth 
management and assess the thermal condition 
in the hearth for distinguishing the critical events 
during the campaign.

The research team is comprised of Xue Feng 
Dong and Paul Zulli, supported by Arrium/Liberty 
OneSteel’s John Tsalapatis and Matthew Middleton.

The initial advances have been in the area of 
hearth refractory protection and specifically, in 
the development, validation and application of 
1D transient, 2D and 3D steady state simulation 
models describing the conjugate heat transfer in 
the hearth.  Individually, these models considered 
different aspects of hot metal flow within the coke 
bed and the corresponding heat transfer from hot 
metal through to the hearth refractory. 

Excellent agreement was obtained between the 
computed refractory temperatures and 15 years 
of thermocouple measurements in the Liberty BF 
hearth refractory.  The 1D transient model results 
helped to identify areas of refractory wear and/or 
material build-up and the overall hearth condition.  
Using this model to represent limiting conditions 
at the hot hearth refractory surface provided a new 
level of understanding as to the influence of the 
changing conditions within the hearth.  

An assessment of various operating periods over 
the current 15-year campaign was undertaken 
using the 2D and 3D models.  This careful 
assessment has provided new information and 
a more holistic view of the thermal changes 
and refractory conditions observed during the 
operation over the campaign.  Commencing in 
2004, the assessment covered the campaign 
minima in 2008, the period post mid-campaign 
repair, the campaign maxima in 2012 and the 
current status of the refractory and the condition in 
the hearth.

As a result, operations now have improved 
capability to evaluate operational measures they 
may take to help extend the campaign life of their 
BF.  Development and utilisation of additional 
simulation models will assist in maintaining a 
competitive ironmaking position at the targeted 
productivity level.

Team: Dr Xuefeng Dong (UOW), Dr Paul Zulli 
(UOW), John Tsalapatis (Arrium/ Liberty 
OneSteel), Matthew Middleton (Arrium/ Liberty 
OneSteel)
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Wall Stress Analysis Under Blast Furnace Conditions
Project D2.1

Water cooled staves have been utilised since 
the mid-1900s to cool the steel shell of a blast 
furnace and prevent overheating and subsequent 
uncontrolled evacuation of very hot materials. 
Staves develop abrasions through blast furnace 
operation, coupled with a high susceptibility 
to cracking under the severe heat load and 
temperature fluctuations. Over the years, 
improvements have been introduced based on 
changes of design and material, with many blast 
furnace operators installing copper staves at 
the bosh, belly and lower shaft areas to extend 
the life of the cooling system. However, blast 
furnaces utilising copper staves have experienced 
premature failures usually attributed to abrasive 
wear by the granular burden materials. A number 
of conceptual frameworks have been developed 
to explain the severity of the wear (compared to 

previous cast iron stave experience) but a key issue 
that is not easily resolved is the role of local stress 
transfer from the granular burden to the wall. The 
second issue is the degree of local burden cooling 
possible due to the high heat extraction capability 
of copper staves and the extent to which this may 
contribute to the observed wear rates.

This project, led by Zongyan Zhou  and Joel Samsu, 
and supported by David Pinson and Sheng Chew 
from BlueScope, aimed to model burden flow near 
the blast furnace wall in order to better understand 
mechanical wear of staves, and to investigate how 
stave geometry influences conditions that either 
enhance or reduce stave wear in the blast furnace. 
Discrete Particle Simulation (DPS) offers a well-
established method to model complex particle 
flow systems and their mechanical interaction with 

process equipment. This project leveraged DPS 
techniques to study how overall furnace profile 
influences the stress generation in the wall region 
of a blast furnace and consider how to account for 
operational phenomena.

The research revealed that the stave ribs lead to the 
presence of stagnant particles between adjacent 
ribs, which protect the stave in this area from 
abrasive wear. The forces acting on the top rib faces 
and the wall above the rib, however, increase up to 
three times the wall force value for a case without 
staves. The protruding part of the stave rib is most 
susceptible to wear, as it extends towards the bulk 
flow zone of the descending burden. The spacing 
between adjacent stave ribs was found to impact 
the magnitude of the particle forces and velocities. 
A wide, as well as narrow, spacing leads to higher 
forces and velocities, whereas a spacing of ten 
particle diameters exhibited the lowest forces on 
the side face. Different wall angles were studied, 
with a vertical wall (90° to horizontal) showing the 
highest tendency for wear. Smaller wall angles 

exhibited higher particle velocities adjacent to the 
staves, but also lower particle-wall forces.

Consideration of staves in the blast furnace 
geometry greatly influences the burden descent, 
especially along the walls of the blast furnace, and 
the obtained wall stress profiles highlight potential 
regions of high wear. The use of different stave 
designs in experimental and numerical studies 
showed differences in burden mixing close to the 
stave and tendencies for wear. The conventional rib 
stave design showed the lowest degree of mixing 
and highest wear values while a 4th generation 
stave design showed the highest degree of mixing 
and lowest stave wear.

The findings from this research will contribute 
to the operational decisions around stave design 
during the next BlueScope furnace re-line.

Team: Dr Zongyan Zhou (Monash), Dr David 
Pinson (BlueScope), Dr Sheng Chew (BlueScope), 
Joel Samsu (Monash)
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Mixing and Segregation in Burden Delivery to the Blast 
Furnace

Project D2.2

Blast furnace operation (stability and efficiency) is 
highly dependent on the charging process in terms 
of timing and placement of each of the material 
components.

Led by Geoffrey Evans and Deside Chibwe, with 
support from David Pinson and Sheng Chew, 
this project aimed to develop a model capable of 
simulating the delivery of burden from the Stock-
house storage bins through to discharge onto the 
distributor chute in the throat of the blast furnace. This 
was envisaged to provide guidance on overcharge 
capacity, mixing and segregation and manage stock 
transitions through the analysis and characterisation 
of charge material flow behaviour in the burden 
delivery unit operations. When combined with a 
blast furnace distribution model, the detailed radial 
placement of raw materials into the furnace can 

be readily predicted, which is a key control and 
determinant in the performance and productivity of 
the blast furnace. 

The project works towards how best to control time 
series delivery of burden components within current 
limitations, utilising experimental and numerical 
studies to characterise solids transfer, mixing and 
segregation in material bins, weigh hoppers, transfer 
points and conveying. 

Utilising near-neighbour separation index (NNSI) 
methodology developed as part of this research, 
which uses the local particle scale information, 
analyses of mixing and segregation in weigh hoppers 
and material bins were conducted. The NNSI captures 
the instantaneous evolution of particle rearrangement 
in space and time and provides the clustering 

(dispersion) behaviour through the detection of the 
degree of contacting and non-contacting particles.

The results showed that as the input energy increases, 
the mixture approaches a homogenously mixed state 
with all particles evenly distributed. However, the 
blast furnace charging system has a limited energy 
input to drive the mixing and segregation across 
the operational units. The mixing and segregation 
behaviour observed in the charging system is largely 
due to the cascading influence of funnel flows across 
operational units, particularly in the weigh hoppers 
and material bins discharge processes. 

Team: Professor Geoff Evans (UN), Deside Chibwe 
(UN), Dr David Pinson (BlueScope), Dr Sheng Chew 
(Bluescope), Professor Brian Monaghan (UOW), Mark 
Biasutti (BlueScope)
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Enterprise-Wide Energy Optimization for Steel Making
Project D2.3

In Australia, energy prices (electricity and natural 
gas) have increased rapidly over the last decade 
after being largely stagnant for the preceding 25 
years. 

Like many steelworks, BlueScope’s Port Kembla 
Steelworks (PKSW) is a complex, multiscale and 
hierarchical enterprise with many competing 
priorities, including its energy costs. Therefore, 
there is significant motivation to address energy 
issues in steelmaking in order to optimise 
performance and efficiency under varying 
operational modes, over multiple time and length 
scales.

In some instances, site-wide energy efficiency 
may be improved by using process integration 
techniques. Whilst extraordinary efforts are 

made locally to minimise energy consumption, 
a site-wide optimisation model of gaseous 
fuels consumption may decrease short-term 
misalignment in the site-wide energy balance and 
reduce flaring. 

This project took an enterprise‐wide optimisation 
approach and incorporated data visualisation and 
systems engineering with process modelling. Tools 
such as Divisive Cluster Analysis and Principal 
Component Analysis were used to analyse very 
large-scale multivariate datasets, providing insights 
into PKSW’s overall operational modes and the 
behaviour of its energy system. 

The application of the multiscale modelling 
methodology not only helps to inform process 
models but allows real time understanding of the 

current state of production units such as the coke‐
making area and utility boilers. Further, the model 
provides insights into system behaviour that will 
facilitate optimisation of energy generation and use. 

Plant-wide minimisation of energy consumption 
and emissions in the steelmaking industry will 
provide economic, social and environmental 
benefits. 

Team: Dr Simon Smart (UQ), Professor Ian 
Cameron (UQ), Greg Siemen (UQ), Dr Habib 
Zughbi (BlueScope), David Hughes (BlueScope)
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Trace Element Modelling and Optimisation of Byproduct 
Use in an Integrated Steelworks

Project D2.5

The BlueScope Port Kembla Steelworks (PKSW) 
generates numerous by-product streams. Some 
of these by-products are reused within the 
process, offsetting the use of raw materials, or 
sold offsite for reuse. Some by-product streams 
are restricted in their reuse due to the presence of 
key trace elements such as lead and zinc. PKSW 
have operational guidelines that limit the reuse of 
some by-products to within certain limits. These 
guidelines are based on operational experience 
and empirical evidence gathered in plant trials, 
and the effect on downstream trace element 
concentrations.

This project, led by Simon Smart and Chris 
McMahon, with support from Habib Zughbi, Mark 
Biasutti and Alan Bennett (BlueScope), aimed 
to deliver a reuse-focused optimisation model 

that would allow BlueScope to assess its use of 
by-products, and reduce both the cost of raw 
materials, and further accumulation of by-products 
at its steelplant. Ideally, the model would be fine-
tuned based on plant trials, be flexible enough to 
be extended to various by-product reuse scenarios, 
and incorporate the key trace elements that limit 
reuse.

The model includes ten key trace elements critical 
to assessing by-product reuse, and would be able to 
predict trace element behaviour across key process 
units, allowing reuse scenarios to be investigated 
within the context of an optimisation problem.

A comprehensive model of the steelplant processes 
has previously been developed, based on plant-wide 
mass and energy balances. That model was used as 

a basis to create the optimisation model, using the 
same modelling platform (Aspen Custom Modeler).

The sinter plant (SP) was selected as the initial 
focus of the study. The SP takes fine iron ores, 
various fluxes, coke and other fine materials to 
produce an agglomerated burden material for the 
ironmaking blast furnace (BF). From a by-products 
perspective, the SP is a logical unit operation for 
processing such materials within the steel plant 
and is often used to do so.

A stand-alone model of the SP was developed to 
model by-product introduction into this unit. More 
recently, BlueScope undertook a successful trial 
introducing one particular by-product material into 
the SP, allowing for the possibility of validating the 
optimisation model based on the trial results. The 
addition of by-products to the SP was successfully 
modelled using this stand-alone model and the 
plant data has been used for model validation.

The standalone sinter plant model developed in 
the early phase of the project has been extended 
to include the Coke Ovens. Later versions will be 
extended further to include the blast furnace (BF) 
and basic oxygen furnace (BOF). These are critical 

processes within the integrated steelworks for both 
formation and reuse of by-products.  These models 
incorporate thermodynamics and/or empirically-
based trace element partitioning across these 
key process units. The scenario testing allows 
assessment of the technical and economic viability 
of reuse strategies, and the optimal configuration 
for individual by-products, as well as a scenario that 
shows the optimal configuration for combined by-
products.

The reuse of dusts and sludges with significant 
iron content reduces costs by offsetting the 
purchase of raw materials (iron ore), and reduces 
the liability associated with stockpiled materials. 
It can also transfer trace elements such as Zn into 
product streams that would be suitable for sale or 
internal re-use. This will contribute to sustainability 
outcomes for industry and governments at state 
and national levels, and benefit wider society in the 
reduction and reuse of by-product materials.

Team: Dr Simon Smart (UQ), Professor Ian 
Cameron (UQ), Dr Habib Zughbi (BlueScope), Alan 
Bennett (BlueScope), Chris McMahon (UQ), Mark 
Biasutti (BlueScope)
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Obtaining Value from Steel Plant By-Products
Project D2.6

Realizing economic value from steel plant 
by-products and maintaining a strong social 
and environmental perspective is an essential 
requirement of present day steelmaking. The focus 
of this research is on the sustainable recovery and 
utilisation of iron and flux units. 

In large integrated manufacturing plants, 
significant quantities of process by-products can 
accumulate onsite due to the presence of trace 
elements that limit their reuse, either impacting 
on process operation, affecting product quality, or 
reporting to regulated emission streams. Within an 
integrated steelworks, by-products can be reused 
onsite as a way of reducing the financial liability 
associated with stockpiled residues, offsetting 
the use of raw materials, or can be sold offsite for 
reuse. Guidelines and limitations for reuse are 

based on operational experience and empirical 
evidence gathered in plant trials, and the effect 
on downstream trace element concentrations. It is 
therefore important that key modelling tools are 
developed to fully assess the impact of by-product 
reuse and how this can be optimised, allowing 
mitigation or even reversal of waste accumulation.

Led by Brian Monaghan and Ray Longbottom, 
and working closely with BlueScope technologists 
Sheng Chew and David Pinson, this project 
characterised selected steel plant by-products to 
develop, inform and assess recovery strategies and 
specific project plans to realize value from the by-
products, with a focus on sustainable recovery of 
iron and flux (CaO, MgO, etc) units.

The by-product with the largest annual tonnage is 

BOS filter cake which consequently received the 
greatest attention. When stored in stockpiles prior 
to recycling, the BOS filter cake has a tendency to 
self-sinter, which is preferred for recycling as it has 
better handling/transport properties, with higher 
strength and larger particle size, when compared 
to the original filter cake. The self-sintering process 
has been shown to be driven by low temperature 
oxidation of very fine particles of metallic iron and 
wüstite to hematite and zinc ferrite. The processes 
involved in self-sintering and the changes involved 
in the material were identified through a number 
of different analytic and thermodynamic modelling 
approaches. The low temperature reactivity of fresh 
BOS filter cake is likely to be a result of the very fine 
particles of metallic iron and wüstite. The oxidation 
at low temperatures was exothermic, providing the 
energy required to heat the stockpiles and promote 

self-sintering.
There have been two main areas of impact of the 
project. The findings relating to the reactivity of 
the BOS filter cake have assisted with choices 
concerning the dewatering of the BOS dust slurry 
and informing the development of a new practice 
that uses hot BOS filter cake to initiate self-
sintering in stockpiles. The characterisation of the 
BOS filter cake has also been used to identify and 
inform two further Steel Research Hub projects on 
processing of the BOS filter cake.

Team: Professor Brian Monaghan (UOW), Dr David 
Pinson (BlueScope), Dr Sheng Chew (BlueScope), 
Dr Ray Longbottom (UOW), John Heslin 
(BlueScope)
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Zinc Removal Via the Iron Ore Sintering Process 
Project D2.7

The potential for recycling of steel plant by-
products is currently limited by trace elements 
such as zinc. One specific example is basic oxygen 
steelmaking (BOS) filter cake produced by wet 
scrubbing of the process off-gases. Although 
filter cake can be incorporated back into the raw 
materials via the sintering process, this creates 
a circulating zinc load that can cause process 
problems in the blast furnace unless measures are 
taken to remove it. 

This project was an extension of Project D1.2. Its 
key aim was to investigate the behaviour of zinc 
in the sintering process to identify a strategy 
for its removal from the filter cake and to allow 
significantly greater opportunities for recycling 
at low cost. The research needed to establish zinc 
removal mechanisms and the zinc mass balance 

during sintering, and to explore a feasible method 
for a commercial sinter plant to recycle the 
stockpiled filter cake.

Millipot sintering tests were employed to study 
the behaviour of zinc under controlled sintering 
conditions, making it possible to examine zinc 
reduction and mass transport during sintering. 
Local reaction conditions were manipulated using 
tablets of specific composition and observing the 
impact on the resulting zinc distribution over the 
sintered column.

To solve the two difficulties mentioned above, 
a method of zinc removal from dust during the 
sintering process was proposed. Filter cake was 
granulated with iron ore fines or briquetted into 
tablets and then sintered. Increasing coke rate in 

the sinter blend or briquetting helped to enhance 
local conditions for zinc reduction. Loading the 
filter cake blend or briquettes at the bottom of 
the sinter bed minimizes the reoxidation and 
deposition of zinc within the bed and maximizes 
the removal of zinc. 

The zinc removal mechanism was concluded as 
follows. During sintering, reductants reduce zinc 
oxides to zinc vapour. The zinc vapour diffuses 
out of the local zones under relatively reducing 
atmospheres and partly enters into the bulk gas 
flow by which it is blown downwards.. This vapour 
either condenses on solid particle surfaces and is 
then re-oxidized, or directly reoxidizes in the gas 
stream before deposition on downstream materials 
or equipment, or dust in the off gas.

Team: Dr Guangqing Zhang (UOW), Huibin Liu 
(UOW), Dr David Pinson (BlueScope), Professor 
Brian Monaghan (UOW), Dr Sheng Chew 
(BlueScope), John Heslin (BlueScope), Dr Ray 
Longbottom (UOW), Dr Paul Zulli (UOW)
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Zinc Removal Via Acid Leaching Process
Project D2.8

This project was designed to investigate the 
feasibility of processing zinc-bearing by-product 
streams from iron and steelmaking through acid 
leaching, so that the leached solid residues can be 
processed by a conventional iron ore sinter plant. 
The aim was to develop a better understanding 
of the presenting states of zinc in the by-product 
materials and their leachability by different acids, 
as well as establishing optimal conditions for the 
leaching of zinc. The investigation would contribute 
to the utilisation of the by-product materials in iron 
and steelmaking and the sustainable development 
of the steel industry. Data collected from the 
leaching tests could establish a case for a plant-
based trial. 

Implementation of a successful technology 
of leaching-sintering recycling could result in 

displacement of significant quantities of iron ore 
and fluxes if nearly all of the zinc in the by-product 
stream was removed in the leaching-sintering 
process. 

An initial set of qualitative leaching experiments 
investigated leaching with a range of acids, both 
mineral and organic. Following examination 
of these initial results, more detailed leaching 
experiments at a pre-defined set of temperatures 
were carried out with a subset of these acids, 
namely hydrochloric, sulphuric, acetic and 
butyric acids. The materials leached include BOS 
by-products collected in different stages and 
stockpiled for different times. The leaching of 
pure components present in BOS filter cake was 
also included to better understand how these 
components behave under the leaching conditions 
imposed.

These experiments demonstrated the vastly 
different behaviours of the two zinc containing 
materials, zinc oxide and zinc ferrite, under various 
acidic conditions. In general, zinc oxide dissolved 
readily under acidic conditions while the zinc ferrite 
was highly resistant to dissolution and, as such, 
required considerably more aggressive conditions 
(higher temperature and acid concentration) to 
achieve a given level of dissolution.

The experiments undertaken to date suggest it is 
possible to remove high levels of zinc in reasonable 
timeframes using appropriately aggressive acidic 
conditions. The degree to which iron is leached is 
also being examined to determine the extent to 
which zinc can be removed selectively. 

Team: Dr Guangqing Zhang (UOW), Dr Anthony 
Lang (UOW), Dr David Pinson (BlueScope), 
Dr Sheng Chew (BlueScope), John Heslin 
(BlueScope), Dr Paul Zulli (UOW)
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On Wednesday 22nd August, UOW researchers showcased pioneering projects 
being undertaken at the Steel Research Hub at a ‘Uni in the Brewery’ public talk at 
the Illawarra Brewing Company, North Wollongong.

Presented in partnership with the Southern Manufacturing Innovation Group, 
AdvantageSME and UOW’s Research & Innovation Division, UOW researchers 
included Dr Emma Heffernan, Ms Dan Yang, and Dr Andrew Johnstone.  They 
delivered presentations on three different projects with the potential to deliver 
significant benefits to the Australian steel industry.

Cheaper, quicker, environmentally friendly mid-rise apartments (Project B2.1-2.3)
Dr Emma Heffernan covered a cutting-edge approach to developing a new cold-
formed steel construction system for mid-rise apartment buildings, that could 
deliver Australian apartments that are more economical and quicker to build.

Anti-fouling coating for steel surfaces (Project B3.1)
Dan Yang discussed new anti-microbial coatings for steel surfaces which could 
radically improve the resistance of BlueScope’s COLORBOND products to 
‘fouling’ by microbial (fungal) colonies, and thus offer a key durability benefit over 
competitor products.

Improving production process to reduce costs (Project C2.3)
Dr Andrew Johnstone described the novel research on the jet-stripping process 
of the metallic alloy coating line that could provide a higher quality coated steel 
surface more cost-effectively.
The event provided an opportunity to publicize the existing work within the Steel 
Research Hub to the general public in an informal and engaging manner, and 
allowed new collaborative 
relationships to be built with 
the local industry. 

Annual Symposiums 
Each year, Steel Research Hub members come together at its Annual Symposium 
to provide updates and collaborate on current research projects. It allows for 
valuable, Program-wide research meetings to occur which are otherwise often 
prohibited due to sheer numbers. This allows the integrated and related aspects 
of the Programs to come together and be reviewed holistically, allowing a greater 
understanding of the importance of the work and how it relates to the wider 
industry context.

It also creates the opportunity for Early Career Researchers and PhDs with 
personal/professional development through academic presentations, poster 
sessions, ‘one-slide’- and ‘three-minute thesis’-style presentations. It is also a great 
opportunity for collaboration with local industry partners, with various meetings 
and site visits occurring either side of the main symposium agenda.

The Symposium features invited speakers and guests, and previous keynote 
presenters include:

2015: 11th & 12th November
Sean Wong (BlueScope) – Industry speaker 

2016: 9th & 10th November
Cathy Foley (CSIRO) – Industry speaker
Philip Graus (Cox Architecture) – Industry update 

2017: 29th & 30th November
John Burgess (Consultant) – Keynote speaker 
Greg Albert (Bisalloy) – Industry speaker 

2019: 20th & 21st February 
Nick Birbilis (ANU) – Keynote 
speaker 
Michael Sharpe (AMGC) – 
Industry speaker 

Uni In Brewery
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Entrepreneur & Innovation Workshop
The Steel Research Hub hosted a 4-day training workshop as part of a “Certificate 
in Intra/Entrepreneurship and Innovation” at UOW’s Sydney Business School from 
the 13th-16th August 2018.

It was attended by 18 of the Steel Research Hub’s very promising researchers, from 
the universities of Wollongong, Newcastle, RMIT, Monash and Queensland.

This innovative workshop was aimed at the training of future technology leaders, 
providing the researchers with useful business tools and approaches.  It was 
designed to stimulate an interest in relevant business skills that would enable 
them to lead technological change in Australia’s steel industry and to be better 
prepared to influence senior management in industry.

The workshop was run by Tillmann Böhme, a Senior Lecturer at the University of 
Wollongong, Faculty of Business and a Chief Investigator in the Steel Research 
Hub.  Bonnie Johnston was instrumental in organising the workshop.

The guest speaker for the event was Jillian Noad, BlueScope’s Innovation Portfolio 
Manager. Jillian spoke about her career and experiences, as well as some of the 
tools she found useful in influencing senior management at BlueScope.  She also 
spoke about aspects of technology management.

Nathan Wright, George Tomka, Zahra Shahbazian, Alberto Escribano and Paul Zulli 
were also involved in the workshop, which covered:

Day 1 – Developing and setting up successful teams
Day 2 – Mapping out ideas, developing the business case, exploring your 
customer’s needs
Day 3 – Financing your idea, 
commercialising your research
Day 4 – Project planning for 
success, understanding your 
stakeholders and pitching 
your idea

The workshop culminated in a “team pitch”, designed to put the business skills 
learned into practice, including the ability to present a business case and influence 
decision-makers. The presentations were held the day before the Steel Research 
Hub’s 2019 Annual Symposium. Four team pitches covered a wide range of 
technologies and business models:

Easy Clean Surface Coatings: Thomas Jurak (UOW), Vi Khanh Truong (RMIT), 
Dongdong Qu (UQ), Sina Jamali (UOW), Le Quang Phan (UOW)

Cold-Form Steel Connections: Aziz Ahmed (UOW), Refat Ahmed (UOW), Steven 
Beltrame (UOW), Navjeet Singh (UOW), Syed Islam (RMIT)

Slag Fertiliser Recycling: Joel Samsu (Monash), Decide Chibwe (UON), Andrew 
Kostryzhev (UOW), Christopher McMahon (UQ)

Filter Cake Recycling: Abdul Khaliq (RMIT), Yinxuan Qiu (Monash), Raymond 
Longbottom (UOW), Muhammed Rizwan (UOW)

The overall feedback from the attendees was overwhelming positive, and Steel 
Research Hub management were impressed by the application, innovation and 
professionalism shown by the participants.
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Women in Manufacturing Advisory Council
In late February 2018, the Steel Research Hub supported three of its PhD candidates and four BlueScope 
undergraduate cadets in attending the Women in Manufacturing Leadership Summit held in Melbourne. 
The PhD Candidates who attended from the Steel Research Hub were Ai Nguyen, Dan Yang and Brianna 
Knowles and the BlueScope Cadets were Sajneet Pooni, Kayla Murray, Lauren Smee and Ruby O’Driscoll. 
The theme for 2018 was “Breaking Barriers”.

The Summit began with a Pre-Summit Workshop, enabling participants an opportunity to:
– Network with and learn from established leaders
– Develop and define leadership qualities
– Position themselves for career advancement and formulate a plan to accelerate growth

The background to the leadership summit remains the shortage of female representation across 
executive-level leadership roles, particularly in manufacturing; hence, it has become critical to identify 
strategic ways to overcome some of the barriers to reaching career objectives.  The Summit was a good 
opportunity to develop essential leadership skills, define career pathways and create opportunities to 
unleash leadership potential. Comments from the three PhD candidates were:

I thoroughly enjoyed the summit and thought it was a wonderful experience for networking. It was great 
to hear the stories of successful women in manufacturing, discover how they became leaders in their 
respective fields and to learn from their experiences. The take home message was to trust your instincts, 
challenge yourself, and be authentic in your leadership.
Brianna Knowles, PhD Steel Research Hub

I was inspired by the stories and advice given by the successful ladies who are both the speakers and 
the audience in the summit. The summit also introduced good books and tips for practicing leadership 
skills. Also, I was very happy to meet new friends who are very friendly and kind within three days of the 
summit.
Ai Nguyen, PhD Steel Research Hub

The 3 days Summit cheered 
me up with all the inspiring 
stories from both the invited 
speakers and the attendees. 
The techniques we’ve learned 
about leadership were also 
quite useful. I really appreciate 
the opportunity offered by the 
Hub.
Dan Yang, PhD Steel Research 
Hub

The Steel Hub’s Advisory Council (AC) played an important role in ensuring the Hub continued to 
remain directly relevant to the industry it aimed to transform, as well as exploring new opportunities 
and strategic issues relevant to the Hub’s objectives, including enhancing industry engagement and 
collaboration.
 
Chaired by Cathy Foley (CSIRO), the AC brought together prominent industry advocates from
diverse backgrounds to provide advice and guidance in the Hub’s endeavours. The members of the AC 
changed over the course of the Hub, with the current membership consisting of:
- Cathy Foley (Chair), CSIRO
- Sean Wong, BlueScope
- Peter Key, Australian Steel Institute
- Mark Goodsell, Australian Industry Group
- Paul Zulli, Steel Research Hub

Previous members included Oscar Gregory (UOW), Dale Clark (Stockland), Leanne Grogan (Australian 
Industry Group), Peter Hodgson (Deakin University) and Ian Cummin (BlueScope).
Invited guests from previous meetings include Michael Bradburn (Cox Architecture), Mark Eckermann 
(BlueScope), David Pinson (BlueScope), Jason Hodges (BlueScope), Sheng Chew (BlueScope), Brianna 
Knowles (UOW), Judy Raper (UOW), Professor Chris Cook (UOW), Professor Brian Monaghan (UOW), David 
Nolan (BlueScope), Lloyd Nicoll (BlueScope), Paul Cooper (UOW), David Hartigan (Tektum), John Kralic 
(Lysaght), Scott Burton and Adam Plunkett (Stockland), Michael Sharpe (AMGC), Kazuhiro Nogita (UQ), 
Dake Yu (Bisalloy), and Valerie Linton (UOW).
 
The AC met yearly, and meetings generally consisted of roundtable discussions regarding industry 
trends in the member’s respective fields, research presentations displaying the Hub’s achievements, 
and focused discussions covering strategic issues faced by the Steel Research Hub (e.g increasing 
collaboration, SME engagement performance and success measures).
 
As the Steel Research Hub 
reached its conclusion, the 
Advisory Council remained
important in ensuring that 
future opportunities were 
identified, and that pathways
to further impact were 
explored. The Hub is privileged 
to have had access to 
prominent experts and leaders 
- the advice and guidance 
provided was very beneficial.
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PhD Theses

Name Title University Supervisor

Thomas Jurak Wet Stack Corrosion of Hot-
Dipped Metallic Coatings: 
Mechanistic Study, Simulation 
Cell Design and Electrochemical 
Noise Measurement Theory

University of Wollongong Associate 
Professor Yue 
Zhao

Deside Chibwe Optimised Burden Delivery for 
Blast Furnace Operations

University of Newcastle Professor Geoffrey 
Evans

Muhammad Rizwan Behaviour of Advanced Quenched 
and Tempered Steels During Arc 
Welding and Thermal Cutting

University of Wollongong Professor Huijin Li

Chris McMahon Trace Element Modelling and 
Optimisation of Byproduct Use in 
an Integrated Steelworks

University of Queensland Associate 
Professor Simon 
Smart

Brianna Knowles Antifouling Coatings Prepared 
from Hydrophilic Silica 
Nanoparticle Films

University of Wollongong Professor Michael 
Higgins

Matthew Gear Mechanisms of Surface Stability in 
Al-Zn Coated Steel

University of Queensland Professor Kazuhiro 
Nogita

Le Quang Phan Investigation of Dynamic 
Impingement Pressures of Planar 
Wiping Jets

University of Wollongong Associate 
Professor Buyung 
Kosasih

Joel Samsu The Effect of Cooling Staves 
on the Burden Flow in the 
Ironmaking Blast Furnace

Monash University Dr Zhongyan Zhou

Gregory Siemon Enterprise-Wide Optimisation in 
Steelmaking

University of Queensland Associate 
Professor Simon 
Smart

Wenxuan Li Computer Aided Design of 
Antimicrobial Surface

RMIT University Professor Irene 
Yarovsky

Navjeet Singh Microstructure and Mechanical 
Properties of Thermo-
Mechanically Processed New V-Cr 
(Nb-Mo) Micro-alloyed Steels

University of Wollongong Professor Elena 
Pereloma

Name Title University Supervisor

Raju Chowdhury Effect of Retained BOS Slag on 
Trunnion Refractory Wear

University of Wollongong Professor Geoff 
Evans

Steven Beltrame Evaluating the Thermal 
Performance of Existing 
Apartment Buildings in Australia 

University of Wollongong Professor Paul 
Cooper

Nicholas Franklin Loadbearing Cold-Formed Steel 
for Mid-Rise Residential Buildings 
in Australia

University of Wollongong Professor Tim 
McCarthy

Huibin Li A Fundamental Study into the 
Use of Different Ferrous Ores on 
Melt Characteristics of Sinter

University of Wollongong Dr Guangqing 
Zhang

Ai Thi Diem Nguyen Effect of Retained BOS Slag on 
Refractory Wear

University of Wollongong Professor Brian 
Monaghan

Dan Yang Probing Interfacial Properties 
and Bio-Molecular Interactions 
of Silica Nanoparticle-Based 
Antifouling Coating

University of Wollongong Professor Michael 
Higgins

Phillip Drain The Effect of Titanium on 
Phosphorous Removal During 
Basic Oxygen Steelmaking

University of Wollongong Professor Brian 
Monaghan

Refat Ahmed Analysis and Design for Cold-
Formed Steel Shear Panel and 
its Components for Mid-Rise 
Residential Buildings in Australia

University of Wollongong Professor Lip Teh

Yinxuan Qiu Particle Scale Modelling of 
Burden Distribution in an 
Ironmaking Blast Furnace

Monash University Dr Zongyan Zhou

Rubel Ahmed Focus on the Dynamic of Flow in 
the Meniscus Region of Drag-Out 
Thin Film from a Liquid Bath

University of Wollongong Dr Buyung 
Kosasih
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Project Title Authors Year Source

B1.1 Martensitic Wear Resistant 
Steels Alloyed with Titanium

Kostryzhev, A., Killmore, 
C.R., Yu, D., Pereloma, E.V.

2020 Wear

B1.2 Comparative Effect of Mo 
and Cr on Microstructure and 
Mechanical Properties in Nbv-
Microalloyed Bainitic Steels

Kostryzhev, A., Singh, 
N., Chen, L., Killmore, C., 
Pereloma, E.

2018 Metals

B2.1 Efficient 3D Lateral Analysis of 
Cold-Formed Steel Buildings

Franklin, N.P., Ahmed, A., 
Teh, L.H., Heffernan, E.E., 
McCarthy, T.J.

2019 Journal of 
Constructional 
Steel Research

B3.1 Residue-Specific Solvation-
Directed Thermodynamic and 
Kinetic Control Over Peptide 
Self-Assembly with 1d/2d 
Structure Selection

Lin, Y., Penna, M., Thomas, 
M.R., Wojciechowski, J.,
Leonardo, V., Wang, Y.,
Pashuck, E.,  Yarovsky, I., 
Stevens, M.M.

2019 ACS Nano

B3.2 Hydration Layer Structure 
of Biofouling-Resistant 
Nanoparticles

Molino, P.J., Yang, D., 
Penna, M., Keisuke, M., 
Knowles B., Maclaughlin, 
S., Fukuma, T., Yarovsky, I., 
Higgins, M.J.

2018 ACS Nano

B3.5 Interaction of Giant Unilamellar 
Vesicles with the Surface 
Nanostructures on Dragonfly 
Wings

Cheeseman, S., Truong, 
V.K., Walter, V., Thalman, 
F., Marques, C.M., Hans-
sen E., Vongsvivut, J., 
Tobin M.J., Baulin, V.A., 
Juodkazis S., Maclaughlin 
S., Bryant G., Crawford, 
R.J., Ivanova, E.P.

2019 Langmuir

C1.1 Fabrication of the t5c 
Intermetallic Compound 
Monoliths by a Novel Powder 
Metallurgy and Hot-Dipping 
Approach

Khaliq, A., Parker, D.J., 
Setargew, N., Qian, M.

2020 Metallurgical and 
Materials Transactions 
B: Process Metallurgy 
and Materials 
Processing Science

Project Title Authors Year Source

C2.3 Coating Film Profiles 
Generated by Fluctuating 
Location of the Wiping 
Pressure and Shear Stress

Johnstone, A.D., Kosasih, 
B., Phan, L.Q., Dixon, A., 
Renshaw, W.

2019 ISIJ International

C3.1 Theoretical Analysis of 
Electrochemical Noise 
Measurement with Single 
Substrate Electrode 
Configuration and Examination 
of The Effect of Reference 
Electrodes

Jurak, T., Jamali, S.S., 
Zhao, Y.

2019 Electrochimica Acta

D1.1 Dynamic Wetting of CaO-SiO2-
MgO-FeOx-Al2O3-MnO-TiO2 
Based Slags on MgO Substrates

Nguyen, A. T. D., 
Monaghan, B.J., R. 
J. Longbottom, R.J., 
Chapman, M.W., Chew, 
S.J.,Scimone, D., Evans, G.

2020 MOLTEN

D1.2 Sintering of Iron Ores in a 
Millipot in Comparison with 
Tablet Testing and Industrial 
Process

Li, H., Zhou, D., Pinson, 
D.J., Zulli, P., Lu, L., Long-
bottom, R.J., Chew, S.J., 
Monaghan, B.J., Zhang, G.

2018 Metallurgical and Ma-
terials Transactions B: 
Process Metallurgy and 
Materials Processing 
Science

D1.6 Phosphorus Partition and 
Phosphate Capacity of 
TiO2 Bearing Basic Oxygen 
Steelmaking Slags

Drain, P.B., Monaghan, 
B.J., Longbottom, R.J., 
Chapman, M.W., Zhang, 
G., Chew, S.J.
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