Centre for
'. ' Sustainable
' k Resource
Processing

Meet and Greet

Our staff bring to CSRP a wide range of knowledge and
experience. We are pleased to introduce some of them
here

Dr Glen Corder, University of Queensland

Glen is a chemical engineer and holds a PhD from the
University of Cambridge. Before joining Centre for Social
Responsibility in Mining, Glen spent 13 years at JKTech
as a Principal Consultant, where his main activities
included mineral processing and process control
consultancy and presentations of training courses.
Between finishing his PhD in 1988 and commencing with
JKTech in 1991, Glen was a consultant for an advanced
process control consultancy company in the UK.

Assoc Prof Kate Wright, Curtin University of Technology

Before joining Curtin, Kate Wright was a Royal Society
University Research Fellow, based at the Davy Faraday
Research Laboratory of the Royal Institution of Great
Britain in London. Her research has mainly focused on the
use of computer modelling methods to investigate defects
and defect processes in silicate, carbonate and sulfide
minerals of importance in the Earth and Environmental
Sciences.

Dr Brett Cohen, University of Sydney

Brett, who has a PhD in Chemical Engineering from the
University of Cape Town, South Africa, works in the
Chemical Engineering department at the University of
Sydney. His research interests include network analysis
for strategic planning towards sustainability of the energy

Contact details

sector, development of tools for supporting complex
decision making in the energy and minerals sectors,
purification of zinc leachates prior to electrowinning,
treatment and testing of hazardous wastes prior to
disposal and the management of water resources.

Mr Doug Collier, ANSTO

Doug Collier is a metallurgist with ANSTO Minerals. He
graduated from the University of New South Wales in
metallurgy and later obtained a MEngSc from the
University of Newcastle in Chemical Engineering. He held
operation and technical support positions in extractive
metallurgy between 1972 and 1993 with the Peko
Wallsend and the Australia Wide groups of companies in
Australia, Murex Ltd in the UK and Lurgi in Germany. He is
a senior professional officer working in the area of uranium
ore processing, radioactivity in minerals and mine
waste/water management. He has acted as a consultant to
the International Atomic Energy Agency (IAEA) on
naturally occurring radioactivity.

Dr David Langberg, CSIRO Minerals

David is a Principal Research Scientist with the High
Temperature Processing group at CSIRO Minerals. His
research interests include gas and solids injection in
molten baths, submerged combustion and coal utilisation
in bath smelting processes, and clean fuel generation in
molten baths. He has sixteen years experience working on
aspects of pyrometallurgical process engineering,
includina plant based studies at several smelters in
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NEWSLETTER

Autumn 2005

From the CEO

Since our last newsletter, we have continued to make
excellent progress in meeting our objectives and the
development of projects and initiatives has been exciting and
promising. Three of our projects, “Review of Cost Effective
Systems to Minimise Water Losses by Evaporation from Mine
Site Process Water Storage” (2C1), “Minerals Separation from
Bauxite Residues” (4A2), and “Sustainability Training Pilot”
(5A1), have all been completed with excellent results. The
recommendations from these will be reviewed and actioned in
due course.

A number of significant events have occurred in the last few
months. We have held 2 workshops to further consolidate the
strategic direction of the research within CSRP. The
outcomes from these workshops have been excellent and the
involvement of our industry participants shows the level of
commitment they have to the success of CSRP. Also of note,
the Department of Education, Science and Training conducted
their First Year Visit. This was an informal look at what CSRP
has achieved in its first year of operation and to discuss any
major concerns. It is pleasing that the general outcome of the
visit was very positive.

To meet the objectives of CSRP it is important that our
portfolio of projects is well balanced. This balance will be
achieved through the implementation of outcomes reached in
our workshops, coupled with on-going business development
and will ensure the success of CSRP.

| hope that you will enjoy the updates provided in this second
edition of the CSRP Newsletter.

Stevan Green
CEO
Current Projects

With several of our projects completed or nearing completion,
it is worth showing off some of the outcomes of these projects.
This edition features our “Sustainability Train Pilot” project and
“Characterisation of Bauxite”.
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Sustainability Training Pilot

Sustainability is an issue that affects everyone. Within any
organisation, this means from the most senior of roles right
through to operators on site. What can the Centre for
Sustainable Resource Processing do to increase
awareness of sustainability? In an effort to address this,
Central TAFE, a supporting participant in the CSRP,
appointed Mr Steve Milner to design a generic short course
addressing sustainability concepts and specifically
targeting para-professionals within the minerals processing
industry.

The CSRP project titled “Sustainability Training Pilot,”
which was part of the Education and Training Program,
was trialled with Argyle Diamonds, one of the companies in
the Rio Tinto group. Specifically, the program was piloted
with a group of para-professionals with responsibility for a
range of operational aspects at the Argyle Diamond mine
site, which is located in the East Kimberley region of
Western Australia. The program, which was customised to
ensure relevance to the specific needs and context of the
Argyle Diamonds Mine site, was designed with the
extended aim of being able to be adapted to suit the
different requirements of a range of organisations and their
sites.

The transfer of knowledge is a vital component of any CRC
and through this pilot Central TAFE is supporting the CSRP
achieve its technology transfer objectives. The Education
and Training Program is providing benefits to CSRP’s
members and students, as well as taking an active role in
the education of others external to CSRP, in sustainability
in the mineral processing industry. As a measure of the
success of this project, discussions on future projects are
already underway.

Overall, the course was extremely well received, with
participants indicating that the course was interesting and
that they were more aware of what sustainability was and
how it impacts them in their roles within the minerals
processing industry.
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Characterising Red Mud

The bauxite ore used in the Bayer process to extract aluminium
is made up of many different minerals, primarily containing
aluminium, iron and silica but also containing a host of minor
elements found in very low concentrations. These low
concentration elements are generally not extracted with the
aluminium but pass into a waste stream from the process which
is deposited in what is commonly referred to as red mud dams.
The minor elements include the naturally occurring radioactive
elements uranium and thorium. Material containing such
radioactivity is called naturally occurring radioactive material or
NORM is ubiquitous in the earth’s crust and contributes to the
natural background radiation from our surroundings.

The CSRP project “Characterisation of Radioactivity in
Bauxite”, conducted by ANSTO, is investigating the
radioactivity in the bauxite ore and process residues to gain a
better understanding of the nature of the radioactivity in bauxite
ores and process residues, and how the radioactivity behaves
during processing. This information becomes particularly
important when looking at further processing of and alternative
uses for red mud.

Bauxite samples used in this study were deliberately collected
from areas known to contain higher concentrations of
radioactivity (relative to the bulk of the ore body), to facilitate
the study of mineralogy and radionuclide deportment. For the
samples tested, it was found that the radioactivity in the ores is
due to **®*U and ***Th decay chain activity. These samples
were also leached in the laboratory, using the Bayer process, to
determine how the radioactivity was re-distributed in the
residues. It was found that particle size was important and that
it is possible to separate leach residue into size fractions that
contain significantly different concentrations of radioactivity.
This is important as it allows the different fractions to be used
for different applications or disposed of in different ways,
depending on their properties, including their radioactivity
content. Dilute acid leaching was used to examine the
availability of uranium and thorium in ores and residues.

The majority of this project has now been completed with only
consolidation and reporting of results remaining. The next step
will be to assess the potential to separate a significant
proportion of radioactivity from bauxite ore and/or residues to
reduce the concentration of radioactivity in the product red mud
to increase its acceptability for end-use applications. Being
able to recycle or reduce waste is one of the core objectives of
CSRP and this project is providing a valuable fundamental
understanding in characterising this important product from
alumina processing.

Education and Training in CSRP

Activities in the Education and Training Program have been
wide ranging with another 5 students becoming part of CSRP.
We now have 2 new Honours, 2 new Masters and a PhD
student who are working on projects in our Eco-Efficiency of
Existing Operations and Breakthrough Enabling Technology
Programs. We have also introduced an annual Student-
Industry-CRC symposium designed to bring students from the
Mining and Energy CRCs and industry representatives
together. The inaugural symposium was held in late February
and was a great success. Our work with secondary school
teachers and students has also continued with the

SClps (Schools, Communities and Industry Partnering in
Science) projects commencing. The students have been
extremely enthusiastic learning about recycling batteries
and e-waste. Finally, our first Education and Training
project was completed with promising results for future
training programs

SClps

The two SClps projects won by Corpus Christi and All
Saints’ College have kicked off with the students actively
participating in learning about the dry cell battery
recycling and identifying and processing e-Waste.

A group of Year 12 chemistry students at All Saints’
College are investigating the problem of recycling waste
household batteries with the batteries collected by All
Saints College and the City of Melville. "Job number one
will be a statistical analysis of just what batteries are
thrown out,” says Mr Lyndon Smith, the All Saints’
College science teacher involved in the project. “We will
then analyse them by atomic absorption spectroscopy
and Inductively Coupled Plasma Emission Spectrometry
at Murdoch University to see exactly what is in them.”

Students from All Saints’ College learning about recycling
batteries

Corpus Christi College Year 10 students are focusing on
printed circuit boards, a common component of many
electronic products, which contain gold, silver, copper,
palladium, nickel, iron, tin and other metals. "The students
experienced the challenges in dismantling electronics to
extract printed circuit boards and then shredding the
boards for further processing,” says Dr Churach. “Several
laboratory sessions were held at Corpus Christi
investigating chemical approaches to leach or dissolve
some of the valuable metals from shredded boards, and
recover them separately.”

Corpus Christi students dismantling scrap mobile phones

Student-Industry-CRC Symposium

The Mining and Energy CRCs hosted a Student Symposium in
Pinjarra, Western Australia between 20™ and 25" February
2005. The purpose of this initiative was to establish a forum for
PhD, Masters and Honours students studying within Mining and
Energy Sector CRCs to present their research to fellow
researchers and industry representatives. The week covered
many topics and events, including student presentations,
industry and CRC presentations, roundtable discussions and
site visits to WMC Nickel Refinery, Tiwest Pigment Plant and the
Hlsmelt plant in Kwinana. The social aspects of the week were
not ignored with a quiz night, sundowner and BBQ organised for
the evening as well as the unplanned pool volley ball games!
The symposium was a great success and the general
consensus of the group was the hope and anticipation that the
event would be held annually. Congratulations to Dr Dan
Churach, Education and Training Manager for CSRP, for his
superb effort in putting the symposium together.

Students from the Mining and Energy CRCs at the Student-
CRC-Industry Symposium

Student update

The student contingent is ever expanding with 5 new students
joining CSRP over the last few months. We welcome them and
wish them every success in their studies. This edition we are
featuring 2 of our PhD students who are working in the areas of
minor element behaviour and in the eco-efficiency of
comminution.

Fiesal Musa —“ Assessing the eco-efficiency of
comminution operations”

The aim of any mineral processing operation is to separate
valuable minerals from waste by physical means. Comminution
is almost always required to break the valuable minerals from
the waste and is therefore one of the key operations. This
operation consumes a significant amount of energy and steel
due to wear of grinding media and liners. The significant
emissions of CO, are associated with this operation. Assessing
the energy consumption and efficiency of comminution
processes is therefore important for circuit optimization, energy
savings and efficiency enhancement purposes.

The “Laws of Comminution” have been used to assess
comminution efficiency. However, the commonly used Bond’s
method assesses only direct energy consumption. It does not
consider the indirect energy (energy used to manufacture
grinding media and liners) and the emission of CO, during this
process.

Centre for
" . Sustainable
. k Resource
Processing
The Whiten Perfect Mixing Comminution Model has been
chosen to determine the direct energy due to its ability to
describe any breakage process. The inputs to this model
include feed size distribution, product size distribution and
appearance function determined from single particle
breakage (drop weight test). Attention is being given to
alternative methods (mini drop weight test and particle bed

breakage) of obtaining the appearance function for particle
size ranging from 53mm to 355 microns.

This project explores other ways to assess eco-efficiency of
comminution processes. Fundamentally, the purpose of this
research work is to develop “fairer” ways of assessing eco-
efficiency. Eco-efficiency considers all energy inputs to a
process and where possible, environmental implications.

Murray Johnston — “Behaviour of minor elements in
metallurgical slags, mattes and alloys”

This project investigates the behaviour of selenium and
tellurium in the copper making process. As high-grade ore
becomes depleted, producers will become reliant on
deposits with higher amounts of impurities. Two such
impurities in common association with sulphide minerals are
selenium and tellurium. Their behaviour in calcium ferrite
slag, a recent development for use in copper production,
has not been fully characterised. The intention for this
project is to fill the gaps in the knowledge, and to optimise
the copper production process for removal of these
elements.

Experiments have been conducted to define the
thermodynamic behaviour of Se and Te in calcium ferrite
slag in terms of operating variables such as temperature,
oxygen partial pressure and slag composition.

The slag composition has been altered between the new
calcium ferrite and the traditional iron silicate to examine the
effect of factors such as slag basicity on holding capacity of
the minor elements. The specific tasks being addressed
are the oxidation state of the minor elements in the slag,
their distribution between the phases and the generation of
activity data.

SEM micrograph of a calcium ferrite slag after reaction with
copper alloy

So far there has been promising progress pertaining to
enhancement of the removal of Se and Te from copper.
There has also been some Scanning Electron Microscopy
(SEM) work done to examine the distribution of the minor
elements between mineral phases within the slag. Itis
hoped through further work to establish whether the minor
elements are stable in the slag for safe disposal of the slag
to landfill.



