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Executive Summary 
 
Mineral 
Processing 
Scenario 

The major technical challenges facing the Minerals Industry are associated 
with constraints on the resources available for mineral production: notably, 
grade and complexity of mineralisation; availability of water for processing; 
energy utilisation in the context of climate change; and availability of human 
resources and skills.  Research and Development in mineral processing is 
considered essential in maintaining the viability of the industry given this 
scenario. 
 

P9 Project 
Background 
 

“P9” is the world's largest university-based mineral processing research 
program.  In its 50-year history it has re-shaped the practice of designing and 
optimising mineral processing plants; using mathematical modelling and 
computer simulation.  The research team includes some of the world's 
leading researchers in key disciplines of mineral processing. 
 
Under the program management of AMIRA International, the P9 Project has 
grown to include contributions from six universities across the world.  This 
has provided the capability for increased research activity and the ability to 
deliver value through research outcomes to an increasingly global group of 
sponsors.  Its achievements have helped reshape process understanding, 
and design and operational practice in mineral processing. 
 
The basis of P9 has been plant-based research activity.  The Project ‘Mission’ 
has been to enhance the performance of mineral processing plants in terms 
of efficiency, and provide value creation to sponsor companies.  This has 
been through a continued focus on data driven decision making, to improve 
processing strategies, and optimise plant operations, from studying real ores 
in actual plant environments.  The ongoing project goal has been to provide 
the capability for quantitative prediction through the use of mathematical 
models of mineral processing unit operations.  The modelling has been 
supported by the development of advanced ore characterisation techniques. 
 
The industry has captured benefits from the program worth many hundreds 
of millions of dollars: through the application of software arising from the 
project; specialist methodologies; new products and instruments; and 
expertise available in various forms. These benefits have accrued within the 
operations of all sponsors worldwide.  
 
The program achieves an extraordinary degree of leverage of resources 
through additional government funding in host countries; and through the 
participation of the large number of companies supporting the work.  P9 has 
won a number of awards for its collaborative research achievements and 
associated software outcomes.  
 

Research 
Providers 

The University of Queensland, and since its formation, the Julius Kruttschnitt 
Mineral Research Centre (JKMRC) - now part of The University of 
Queensland’s Sustainable Minerals Institute - has led the Project. 
 
The JKMRC has built an enviable record worldwide for its achievements: 
especially in the areas of comminution, liberation, flotation, dense media 
separation, gravity concentration and process control - across most 
commodity sectors.  Tangible project outcomes have been delivered to the 
wider minerals industry through JKTech and other service providers, in the 
form of ‘products’, such as process simulators (ie JKSimMet, JKSimFloat), 
consulting services, ore characterisation testing, and knowledge transfer. 
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The University of Cape Town (UCT) joined the project in 1996 to bring 
expertise in the areas of flotation, comminution and classification and 
experience with the specific issues related to treatment of the ores of South 
African sponsors.  The build-up of expertise at UCT through the project 
(supported by South African Government funding) has been a factor in the 
establishment of the Centre for Minerals Research at UCT in 2006.  UCT will 
continue as a major collaborator in this extension of the P9 Project. 
 
McGill University joined in 2000 with contributions in the areas of flotation 
sensors and wear in comminution.  In the P9O extension, the University of 
Newcastle (Australia) has contributed in the area of froths; the University of 
Hacettepe (Turkey) has contributed in the areas of flotation and 
comminution; and the Federal University of Rio de Janeiro joined, with initial 
interest in aspects of comminution modelling.  It is anticipated that 
additional universities will be invited to join the Project for the P9P 
extension. 
 

Postgraduate 
Students 

A key element of the P9 philosophy has been the reliance on the energy and 
talent of postgraduate students.  Their theses have been the intellectual 
basis of the research and many of the students have gone on to enjoy 
successful careers in the industry, to the further benefit of the sponsors. 
 

P9 Past 
Achievements 

The P9 project has developed models, of various units in the minerals 
processing chain, which can be used to create strategies for designing and 
optimising the process through simulation.  The models have evolved from 
being typically full-scale and empirical in nature – and hence able to predict 
the outcomes of changes on an existing plant – to become more 
mechanistic, including the effect of both the machine and feed 
characteristics.  Tools have been developed, such as the Drop Weight Tester 
and the JK Rotary Breakage Tester to characterise the hardness of feed ores, 
and gas dispersion sensors to measure the hydrodynamic properties of 
flotation pulps.  These have become industry standards. 
 
As experience was gained from use of the models, the application expanded 
to include plant design through simulation. 
 
In the current extension, P9O, to be completed in 2011, research activities 
delivered improved comminution models, an improved cyclone model, a 
new model for the froth and new methods for analysing plant streams for 
frother behaviour and type.  In addition, a prototype multi-component 
(mineral) model of Breakage and Liberation, a tomographic method for 
identifying and capturing the ore’s multi-component (mineral) information 
and a multi-component (mineral) simulation framework were developed. 
 

P9P Vision The aim of the P9 Project remains the enhancement of performance of 
mineral processing operations through the use of predictive unit process 
models and circuit simulation.  This has been based on extensive plant data 
collection, and development of new technologies and methodologies which 
have today become industry standards.  The overall vision of P9 is data 
driven decision making to inform processing strategy development and to 
optimise operations. 
 
P9P will continue this tradition by building on the ground-breaking 
development, within P9O, of three-dimensional ore characterisation 
technology and its application to integrated process simulation, which has 
enabled predictive capability to be extended across the whole process chain.  
Process models will be developed to be based on mineral specific properties. 
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This phase of the P9 project will provide some new approaches to 
technology transfer and accessibility for sponsors.  In addition to the 
traditional site focus, P9P will: 
 

 Deliver specific simulation applications in the context of case 
studies. 

 

 Broaden the researcher base and provide for sponsors to develop 
local support relationships. 

 

 Continue the progress and project reporting regimes established 
towards the end of P9O. 

 
Project 
Implementation 

It is proposed that the P9P project be executed with a case study approach 
in two parallel paths: 
 

 Implementation of case studies at specific sponsor sites using the 
integrated simulation platform based on fit-for-purpose multi-
component models. 

 

 Develop and upgrade ore characterisation methods and models 
through continued data acquisition and validation. 

 
Research Goals The five research goals of P9P are: 

 
1. Apply the multi-component integrated simulation platform in case 

studies at specific sponsor operations in order to provide insights 
on how to improve circuit performance – throughput, grade, 
efficiency. 

 
2. Develop a reduced and consistent set of ore characterisation 

protocols that cover the range of breakage mechanisms based on 
the inherent properties of the minerals in the ore. 

 
3. Develop a generic comminution model, applicable to all 

comminution devices, which uses fundamental parameters based 
on the breakage properties of the ore as determined by the new 
ore characterisation protocols. 

 
4. Develop a consistent set of floatability characterisation procedures 

that cover the range of flotation mechanisms based on the inherent 
properties of the minerals in the ore and associated reagents. 

 
5. Refine the P9 Flotation model to use particle properties and 

associated machine properties consistent with the stream structure 
of the multi-component integrated circuit simulation platform 
developed in P9O. 
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Benefits to 
Sponsors 

Benefits to sponsors flow from the development of characterisation 
techniques, unit models and process tools.  The delivered benefits to 
sponsors of the P9P project will be: 
 

 Direct delivery of value through case studies applying the P9 multi-
component models through specific integrated simulation 
applications to: 

 

 Optimise process operations, in terms of equipment utilisation, 
process efficiency, and productivity. 

 

 Respond effectively to impacts of the full range of ore variability 
including mineralogy, grade, composition, size and hardness. 

 

 Enhanced suite of ore characterisation techniques (comminution, 
liberation, separation) focused on mineral composition and texture 
and individual mineral behaviour. 

 

 New multi-component models in a format for seamless porting into 
appropriate simulation frameworks. 

 

 Exposure and access to leading edge mineral characterisation 
technologies ie MLA and x-ray tomography. 

 

 Training, skills transfer and the development of skilled 
postgraduates for the industry. 

 
The value proposition for individual sponsors will be dependent, not only on 
the level of sponsorship taken up and therefore the level of specific site 
work, but also through further participation in the Project in terms of: 
 

 Operations commitment to site work, 
 

 Engagement with the research providers and students in an 
ongoing relationship, 

 

 Active participation in Sponsor Review Meetings, 
 

 Championing the take-up of research outcomes at sponsor sites. 
 

Project 
Leadership 

Mr Craig Brown of the JKMRC will take the lead role in the overall 
management of the project; including scheduling/planning and coordination 
of the overall program and project reporting.  Technical direction for the 
separate areas of research will be provided by the following Program 
Leaders: 
 

 Case Study Management – Mr Craig Brown, JKMRC 

 Multi-component Integration and Simulation – Prof Emmy 
Manlapig, JKMRC 

 Comminution Processes – Prof Malcolm Powell, JKMRC 

 Flotation Processes – Prof Dee Bradshaw, JKMRC 
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The collaborating research providers and associates for P9P, and the 
relevant program co-ordinators are: 
 

 UCT – Mr Martin Harris 

 McGill – Dr Cesar Gomez 

 University of Newcastle – Prof Graeme Jameson 

 Hacettepe University – Prof Hakan Benzer 

 Federal University of Rio de Janeiro – Prof Marcelo Tavares 
 
In addition, other research providers having previous association with the 
project or the P9 research group, are considering joining the P9 program: 
 

 Chalmers University, Sweden – Prof Magnus Evertsson 

 University Santa Maria, Chile – Prof Juan Yianatos 
 

Reporting and 
Technology 
Transfer 

The information flow from the program will be assembled and collated by 
the project team and passed to AMIRA, and then delivered as six-monthly 
detailed Progress Reports on all aspects of the project.  Project Bulletins will 
also be circulated to sponsors midway between these reports.  Sponsors' 
review meetings will be held at various locations six-monthly.  Regional 
Review meetings will be held from time to time at appropriate locations to 
ensure that a broad range of sponsor representatives are kept informed on 
the project. 
 

Project Finance A preliminary budget has been developed from the estimated number of 
students needed to undertake the projects, the supervision they will require 
and the input of experts needed at all levels to achieve the five research 
goals of the P9P project.  Some specialist analysis, some equipment and 
running costs, and overheads have been incorporated.  The total budget is 
estimated at an average of approximately AUD4.4 million per annum 
(excluding the AMIRA fee) over the four year project extension.  The final 
budget will be prepared once the level of sponsorship is known (and the 
deliverables of each project modified accordingly).  Sample processing at 
sponsors’ mine sites is not included in these estimates. 
 

Sponsorship 
Levels and Costs 

Companies who choose to sponsor the project are able to access all the 
information and benefits from the project by participation at one of four 
levels. The sponsorship levels for year one of the four year project, including 
AMIRA management fee, are: 
 
Partner Sponsors AUD 350,000 pa 
Major Sponsors AUD 175,000 pa 
Minor Sponsors AUD   90,000 pa 
Supplier Sponsors AUD   50,000 pa 
 
 Duration 4 Years 
 
A 3% increase to the annual sponsorship level will be applied in each of the 3 
successive years of the project.  No discount is applied for previous P9 
sponsorship. 
 
A full list of rights and benefits for each sponsorship level are presented in 
Appendix A. 
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Summary Companies are invited to sponsor the AMIRA P9P project, the world’s largest 
and most influential mineral processing program.  Sponsorship will offer 
significant benefits to companies both in terms of immediate benefits in 
optimising performance of current operations and in future design and 
planning of new circuits and equipment.  Sponsors will become a part of a 
large mineral processing network, providing access to a range of 
opportunities for knowledge enhancement.  They will also be involved in 
maintaining research infrastructure, and development of future engineers 
for the industry. 
 

 
 
 

Mr Ross McClelland 
P9 Program Manager 
AMIRA International Limited 

Level 2, 271 William Street 
Melbourne Vic 3000 
Australia 
 
Ph: + 61 3 8636 9975 
Fax: + 61 3 8636 9900 
Email: ross.mcclelland@amirainternational.com 

Mr Craig Brown 
P9 Project Leader 
Julius Kruttschnitt Mineral Research Centre 

40 Isles Road 
Indooroopilly Qld 4068 
Australia 
 
Ph: + 61 7 3365 5859 
Fax: + 61 7 3365 5999 
Email: craig.brown@uq.edu.au 

 
 



Project Proposal P9P 
The Optimisation of Mineral Processes by Modelling and Simulation 

October 2011  1 

1. INTRODUCTION 

This document presents the proposal for the 16th extension of the AMIRA P9 Project, “The Optimisation 
of Mineral Processes by Modelling and Simulation”, commonly referred to as The Mineral Processing 
Project (AMIRA P9P 2012 – 2015).  The 15th extension will be completed in December 2011 and 
sponsors have received an extensive range of benefits from this project.  
 
In its 50 year history P9 has pioneered the use of modelling and simulation in mineral processing design 
and optimisation, at the same time providing better fundamental understanding of the processes.  
Powerful tools have been developed and many generations of engineers and scientists have been 
trained.  The ongoing purpose of the project has been to maximise the value of mineral resources 
through increased utilisation, reduced inputs and costs, and increasing processing efficiency in terms of 
recovery and product quality. 
 
This, the 16th extension project for P9, has been developed by the Research Team and AMIRA in 
consultation with current P9O sponsors.  The background to the detailed program scope development is 
presented in section 3 of this proposal. 
 
This document also includes a brief summary of the outcomes of the current project P9O, as well as 
project management, reporting and commercial issues.  Background information is provided on the 
research institutions proposed to be involved in the P9P project, viz JKMRC (Australia), UCT (South 
Africa), McGill University (Canada), University of Newcastle (Australia), Hacettepe University (Turkey), 
Federal University of Rio de Janeiro, (Brazil).  Brief resumes are presented on staff who will contribute to 
the technical direction of the project and the academic supervision of the students who will be working 
on the projects.  
 

2. BACKGROUND TO THE P9 PROJECT 

2.1 History 
 
In 1962, The University of Queensland and AMIRA International commenced a collaborative research 
project with the title of “Simulation & Automatic Control of Mineral Treatment Processes”.  Emeritus 
Professor Alban Lynch, who was the driver behind the project development and its early years, has 
recently recorded some of the early history of “The Mineral Processing Project”.  The shortened title 
arose in the first extension.  The current full title is a later development.  The project could actually lay 
claim to being number 1 but was given the file number P9 some years after commencement.  Professor 
Lynch reports that with the computing skills brought by Bill Whiten, simulation was advanced, and the 
benefits accrued at Mt Isa as a result of suggested circuit rearrangement would have been a factor in 
the establishment by MIM of the JKMRC in 1970. 
 
For 50 years and over 15 project extensions, P9 has been the backbone of a significant relationship 
between UQ (later JKMRC), AMIRA and the minerals industry.  Currently, 30 international companies, 
from Australia, South Africa, North America, South America and Europe, sponsor the project.  In 1996 a 
very productive collaboration between the JKMRC and University of Cape Town (UCT) was developed.  
In 2000 McGill University in Montreal, Canada also joined as a research collaborator in the project.  In 
order to build on areas of special expertise, the P9O project extension included collaboration with the 
University of Newcastle (Australia), Hacettepe University (Turkey) and the Federal University of Rio de 
Janiero (Brazil). 
 

2.2 P9 Past Achievements 
 
P9 Project milestones are presented in the table following. 
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Table 1:  A Short History of P9 
Milestones 
 

Start of project: grinding control (later: 
modelling) 

1962  

 1964 First PhD theses: Lynch, Moore 
Rao thesis: hydrocyclones 1966  
 1969 First on-line process control digital computer 

installed in an Australian mineral processing 
plant: MIM grinding line – PDP8 4K 

Whiten PhD: Simulation/model building 1972 Johnson PhD: Flotation 
 1972/4 First theses on AG mills: G G Stanley 
Monograph: “Mineral crushing and grinding 
circuits” 

1977  

 1978 Hall PhD: “Analysis of composite mineral 
particles by automated SEM” 

Monograph: “Mineral and coal flotation 
circuits” 

1981  

 1983 Work extended to DMS 
Hybrid DEC-Hitachi MetSim simulator 1984  
 1985 Narayan thesis: Ball mill modelling using 

breakage data: the pendulum test 
IBM PC-AT JKSimMet made available to 
sponsors 

1986  

 1987 Leung thesis: AG/SAG mill model 
Baguley: DM drum model 1989  
 1991 Drop Weight Tester developed 
Morrell: Mill power 1993  
11th Extension: P9L Joint research venture 
with UCT 

1996 Monograph: “Operation and optimisation of 
mineral comminution circuits” 

Major increase in sponsorship, especially 
from South Africa  

1998 Valery thesis: Dynamic AG/SAG mill model 
Gorain thesis: New flotation model 

12th extension: P9M Joint research venture 
with McGill (comminution and flotation) 

2000  

 2003 Banini thesis: Effect of particle size on 
breakage characteristics 

13th extension: P9N 2004 Vianna thesis: Effect of particle size liberation 
and density of adsorption on flotation kinetics 

Daniel thesis: Energy efficient liberation using 
HPGR 

2005 JKSimFloat available to P9 sponsors 

Shi, Kojovic, Morrison: Incremental breakage 
model 

2006 Development of JKRBT 

 2007 Development of particle tracking 
methodology 

14th extension: P9O joint venture with 
University of Newcastle, Hacettepe University 

2008 Federal University of Rio de Janeiro joins P9 
project 

 2009 AG/SAG mill model that can predict breakage 
with feed components of different hardness 

Froth model using parameters readily 
measurable in the plant 

2010  

Upgraded cyclone model with wider range of 
applicability and explicit ‘alpha’ equation 

2011 Integrated simulation of a mineral processing 
circuit using the multi-component framework 
developed in P9O 
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The aim of the P9 project is to develop predictive mathematical models of various units in the minerals 
processing chain which can be used to create strategies for designing and optimising the processes 
through computer simulation.  The models that have been developed through the years have evolved; 
in-line with the evolution of computing power to support them.  In the early years the models were 
typically full scale and empirical in nature.  The models were developed by sampling in operating plants.  
This empirical modelling methodology can predict the outcomes of changes that can be done on an 
existing plant.  However the methodology was not able to predict outcomes from significant changes in 
feed condition or machine design. 
 
In the 1980s the models were upgraded to include the effect of both the machine and the feed material.  
The mathematical models became mechanistic in nature and new experimental methods and 
mathematical models were developed to accommodate the ore characteristics.  In the case of 
comminution, this involved the development of a method for characterising the ore ‘hardness’ using a 
Drop Weight Tester and an accompanying model relating the ore hardness with the amount of energy 
required for size reduction – the t10 vs. Ecs equation. 
 
These mechanistic models in which the characteristics of the ore and the machine could be determined 
separately were a significant improvement over the purely empirical models in the sense that they could 
be used for designing new comminution plants.  For example, given the hardness of the ore and the 
characteristics of the mills, it was (and is) possible to model and specify mills and comminution circuits 
for greenfield sites. 
 
However, these models are machine specific and thus cannot predict significant changes to the machine 
design or a change in the machine type.  Moreover, the models do not predict the liberation of the 
minerals in the ore in the comminution process. 
 
From the late 1990s until the present, the use of Computational Fluid Dynamics (CFD) and the Discrete 
Element Method (DEM) have allowed much improved computational modelling of particle motion in 
breakage devices while new fundamental models of particle breakage (incorporating the effects of 
particle size and incremental application of energy on breakage) have been developed in P9 and 
associated projects.  In P9O, new tests and models were developed to investigate and incorporate the 
effects of differing hardness in feed components in grinding mills. 
 
Similar evolution has been experienced in the modelling of hydrocyclone classifiers.  The original models 
of cyclones developed by Lynch and Rao and subsequently by Nagaswararao in the 1960s and 1970s 
were all empirically based.  The cyclone equations were developed by conducting experiments around 
operating cyclones and fitting parameters to match the predicted performance with the actual - in terms 
of cut size d50, water split, efficiency (alpha), pressure etc.  Again, the major limitation of this method is 
that the models are valid mainly under the conditions under which the experiments were conducted.  In 
the current P9O project extension, a revised model was developed that does not suffer from the 
previous limitations.  Over 200 additional datasets were used to validate the new hydrocyclone model. 
 
Flotation modelling in P9 has also undergone evolution.  The first models of flotation were based solely 
on kinetic information collected from down-the-bank sampling of industrial flotation plant.  These 
models could be used to predict the effect of changing residence times, but are unable to predict the 
effect of changing ore types or machine type. 
 
In the late 1990s the effects of ore and the machine pulp and froth zones were separated with the 
development of the k = P*Sb*Rf model.  In a parallel project (AMIRA P868/A/B) a flotation simulator 
incorporating the new flotation models (JKSimFloat) was constructed.  Coupled with developments to 
measure key flotation operating parameters with regard to gas dispersion and bubble size, these 
technologies have provided sponsors the capability to significantly enhance knowledge of their flotation 
operations and provided predictive insights for optimisation strategies.  Successful investigations leading 
to improved performances have been well documented and continue to be applied through consulting 
services of JKTech and others, as well as by sponsors in-house. 
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At the conclusion of the previous iteration, P9N, mineral processing modelling and simulation had 
reached the point where individual unit operations could be modelled, based on plant surveys and 
databases of device performance collected and validated over many years.  However, plant circuits 
could only be simulated by manually combining simulations using the unit operation models in separate 
simulation packages, such as JKSimMet and JKSimFloat.  An integrated simulation framework had to be 
developed, that could be used to compare options for whole circuits. 
 

2.3 P9O 2008 – 2011 
 
The representation below describes the ‘state-of-the-art’ at the commencement of the P9O project 
extension. 
 
 

 
 
 
The P9O activities were designed around two research programs: 
 

 Enhancing P9 models and facilitating porting to external simulators (Program 1) 
 

 Building an integrated multi-component (mineral) modelling and simulation capability for the 
future (Program 2). 

 
P9O comprised a suite of 21 projects, designed to deliver into these research programs. 

2.3.1 P9O Achievements 

The achievements of P9O are summarised by Program in the following sections. 
 
Research Program 1 
 
This program of research activities delivered improved comminution models, an improved cyclone 
model, a new model for the froth and new methods for analysing plant streams for frother behaviour 
and type. 
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The status of each P9 model at the beginning and end of P9O is compared in the table below. 
 

P9 Model Pre P9O End of P9O 

RoM Ball Mill Historic plant data 
Range of new plant survey data. 

Framework for high ball load mill model. 

Regrind Ball Mill 

Size by throughput model in 
JKSimMet 

No model in JKSimFloat 

Size by mineral simulator tested in MDK. 

Implementation in JKSimFloat. 

HPGR Basic simulator 
3 sets of hard rock data. 

New model - pressure and recycle response. 

Cyclone Model ‘Nagu’ model parameters 

Upgraded models in JKSimMet: 

 Low density feed 

 Large cyclones 

 Wider range of usage 

 Explicit alpha equation 

Froth Model No model 

Mechanistic model to predict water and mass 
recovery in the froth as a function of air rate and 
froth height. 

A suitable form for incorporation into 
JKSimFloat. 

 
Research Program 2 
 
This research program delivered: 
 

 A prototype multi-component (mineral) model of Breakage and Liberation, based on an ore’s 
texture and using random breakage. 

 

 An X-ray tomographic method (CBT) for identifying and capturing the ore’s multi-component 
(mineral) information. 

 

 A multi-component (mineral) simulation framework. 
 

 Multi-component (property) models developed from single component (property) models, to 
begin the development process towards multi-component (mineral) models. 

 
The project demonstrated that this approach to integrated simulation was possible.  It did so using 
‘placeholder’ models in the ‘MDK’ (Model Developer’s Kit) simulation framework, a detailed 
tomographic investigation of one ore, and basing the Breakage and Liberation model on random 
breakage of the ore. 
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The development of multi-component models in P9O is summarised in the following table. 
 

Model Pre P9O End of P9O 

Breakage and 
Liberation Model 

Did not exist 
Multi-component (mineral) 

SAG/AG Mill 
Single hardness parameter 
(Single-component Property) 

Model for binary components of 
different competence. 

(Binary-component Property) 

Multi-component 
cyclone 

Single component- particle size 
(Single-component Property) 

Binary independent density 
separation  (Binary Component 
Property) 

A fit-for-purpose model that uses 
the liberation spectrum  (Multi-
component Mineral) 

Ball Mill 
Single component 
(Single-component Property) 

New ore characterisation device. 

New mechanistic breakage model 

Proof of concept model. 

(Multi-component - Property) 

Flotation Model 

Floatability Component Method 
(multi-component - Property; fast, 
slow and non-floating components) 
 
Physical Property Based Method 
(fast, slow and non-floating 
components in terms of particle size 
and mineral liberation) 
 

A better understanding of the 
extent to which physical properties 
(size and liberation) can be used to 
determine flotation response. 

A method to assign error by 
liberation flotation rates. 

A better understanding of the 
contribution of energy (power 
input). 

 
Devices and Techniques 
 
Devices developed during P9O include: 
 

 The Oscillating Grid Cell that can apply precise levels of energy to the pulp, 
 

 The Proof of Concept Online-JKRBT device, 
 

 The Froth Drop Back device, 
 

 A Froth Washing device that is not susceptible to blocking, 
 

 A prototype Air Recovery device, 
 

 The Electrochemical Impedance Spectroscopy (EIS) device for measuring the electrochemical 
environment at the particle/pulp interface. 

 
Techniques developed include: 
 

 Characterisation of an ore using X-ray Tomography (Cone Beam Tomography – CBT) to 
determine mineral grain size, shape and spatial distribution, 
 

 Measurement and characterisation of frothers, 
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 Measurement of bubble-particle attachment times, 
 

 A methodology for tracking particles around a circuit by their size, liberation and composition, 
 

 A method of determining the effect of depressant on froth recovery. 
 
P9O Model Implementation 
 
Wherever possible, new model algorithms were coded in MDK.   An MDK framework for the models was 
developed and tested in order to facilitate porting the models to external simulators, including the 
JKTech simulators.  Researchers at the JKMRC, University of Cape Town and Hacettepe University were 
trained in its use and formatted the models developed in MDK. 

2.3.2 Summary of P9O Research Outcomes 

The combination of the research outcomes outlined above, with the knowledge and capabilities that 
existed at the beginning of P9O, significantly enhances the P9 mineral processing modelling and 
simulation landscape, as shown in the schematic below. 
 

 
 
In addition to these outcomes, the project now has four sets of integrated plant data that have been, 
and continue to be, used in model development and validation.  These data sets are those collected at 
Kambalda, Kanowna Belle, Cayeli and the Anglo Pilot Plant.  The P9O research achievements place the 
project in a strong position to move forward with P9P. 
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3. PROPOSAL FOR PROJECT EXTENSION, P9P: 2012-2015 
 

3.1. Introduction 
 
The major technical challenges facing the Minerals Industry are associated with constraints on the 
resources available for mineral production: notably, grade and complexity of mineralisation; availability 
of water for processing; energy utilisation in the context of climate change; and availability of human 
resources and skills.   
 
The industry continues to strive for improved ways to treat lower grade and more complex ore bodies.  
Operating costs are always a prime focus and, as well as a direct cost, energy intensity is under scrutiny 
in terms of the climate change debate and enhanced position of sustainability principles in mining and 
mineral processing. 
 
Research and Development in mineral processing, incorporating improved understanding and methods, 
is considered essential in maintaining the viability of the minerals industry. 
 

3.2. P9P Development 
 
Discussions with sponsors and meetings with research groups identified issues that needed to be 
addressed for the future of the P9 Project.  The Challenges identified and the proposed Strategies to be 
implemented in P9P to address them are presented in the table below. 
 

Key Challenge Proposed P9P Strategy 

Ability to access and apply 
models developed by the 
Research Team 

• P9P applications will be provided on an appropriate 
integrated simulation platform 

• Establish protocols that allow models to be used in a range 
of commercially available simulation software packages 

Practicality and value of complex 
model applications 

• Emphasis on providing predictive integrated applications 
rather than only a set of complex, unit-process models 

Delivery of outcomes to sponsors • Apply tools to integrated case-studies 
• Applications developed with Partner or Major Sponsors 

Shortage of skilled, trained  
metallurgists to apply tools and 
know-how 

• Applications developed with involvement of a local team 
(researchers, consultants) who will provide ongoing 
technical support 

• Development of local relationships and support 

 
This phase of the P9 project will provide some new approaches to technology transfer and accessibility 
for sponsors.  In addition to the traditional site focus, P9P will: 
 

 Deliver specific simulation applications in the context of case studies, 
 

 Broaden the researcher base and provide for sponsors to develop local support relationships, 
 

 Continue the progress and project reporting regimes established towards the end of P9O. 
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3.3. P9P Implementation 
 
In P9O, the concept of “integrated multi-component modelling” has been demonstrated utilising the 
simulation framework called the Model Developer’s Kit (MDK).  This has enabled combining the 
comminution and separation stages in a single simulation, to better predict the effects of changes in 
feed type grinding behaviour ‘downstream’.  To facilitate this development, the ground-breaking 
development of three-dimensional ore characterisation technology (X-ray Tomography) was applied in 
conjunction with liberation modelling to predict the outcomes of alternate breakage strategies on the 
liberation of an ore’s mineral constituents.  P9P will build on this development. 
 
P9P will deliver a more comprehensive range of models as well as the standards and techniques for 
particle characterisation (composition and spatial arrangement of minerals) required as model inputs. 
Ore characterisation at the front end of the process will increasingly replace the traditional time 
consuming and expensive measurement of ore properties such as hardness, density, size distribution 
and floatability, required for the current models of the unit operations. 
 
Integration will be achieved by the application of a multi-component simulation protocol for each unit 
operation model. 
 
These developments will, for the first time, link all unit operations so that the effects of changes in one 
area can be simulated and compensated for in other parts of the circuit.  This integration of unit 
operation models will allow true overall process improvements to be identified.   
 
It is proposed that the P9P project be executed with a case study approach in two parallel paths: 
 

 Implementation of case studies at specific sponsor sites using the integrated simulation 
platform based on fit-for-purpose multi-component models. 

 

 Develop and upgrade ore characterisation methods and models through continued data 
acquisition and validation. 

 
P9P will carry out extensive scientific research into the fundamentals of processes and unit operation 
phenomenon to underpin the development of unit operation models.  Validation will be achieved by in-
plant surveys and analysis undertaken within P9P. 
 
Where possible and appropriate, P9P will also provide for the development of on-line instruments and 
measurement devices which will also facilitate the development and application of the models.  These 
developments, fundamental understanding and site activities will of themselves greatly benefit sponsors 
by direct application, training and technology transfer. 
 

3.4. Research Goals 
 
To shape the selection of specific projects to meet the strategy established, research goals were 
developed for the key project sub-programs. 
 
The five research goals of P9P build on the results of the significant body of previous mineral processing 
research by the research providers: 
 

1. Apply the multi-component integrated simulation platform in case studies at specific sponsor 
operations in order to provide insights on how to improve circuit performance – throughput, 
grade, efficiency. 

 
2. Develop a reduced and consistent set of ore characterisation protocols that cover the range of 

breakage mechanisms based on the inherent properties of the minerals in the ore. 
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3. Develop a generic comminution model, applicable to all comminution devices, which uses 
fundamental parameters based on the breakage properties of the ore as determined by the 
new ore characterisation protocols. 

 
4. Develop a consistent set of floatability characterisation procedures that cover the range of 

flotation mechanisms based on the inherent properties of the minerals in the ore and 
associated reagents. 

 
5. Refine the P9 Flotation model to use particle properties and associated machine properties 

consistent with the stream structure of the multi-component integrated circuit simulation 
platform developed in P9O. 

 

3.5. Brief Description of Proposed P9P Projects 
 
This section contains a brief description of the motivation, methodology and intended outcomes of the 
proposed research programs, and summary project scopes, aligned with each of the research goals 
presented above.  Detailed descriptions of programs and project scopes are presented.  Short resumes 
of each of the project leaders are given in the Appendices. 
 
The proposed projects are summarised in the table below.  The final definition of the project is 
dependent on funding received and recruitment of suitable students. 
 

SUMMARY TABLE - P9P Proposed Projects 
 

Research Theme Project Title 
Research 
Institute 

Research 
Leaders 

Case Studies 
A number of case studies will be initiated with 
Partner Sponsors to utilise the Multi-
Component Integrated Simulation application.  

All  

Evaluation of ore mineral 
texture and liberation 
characteristics 

IFC.1:  Quantifying ore components JKMRC Manlapig, 
Evans, 
Wightman 

IFC.2:  Quantify the definition of random and 
non-random breakage  in ores 

JKMRC Manlapig, 
Evans, 
Wightman 

IFC.3:  Characterising process streams using 
tomography 

JKMRC Manlapig, Gu, 
Wang, Evans, 
Wightman 

Multi-component 
Integrated Optimisation 
Simulator 

MDK.1:  Customised multi-component 
simulation framework 

JKMRC Manlapig, 
Morrison, 
Andrusiewicz 

Evaluation of ore mineral 
breakage and liberation 
characteristics 

ORE.1:  Ore Characterisation Protocols 
 

JKMRC Michaux 

ORE.2:  Fine particles breakage 
characterisation 
 

JKMRC Shi 

ORE.3:  Breakage and liberation modelling JKMRC Evans, 
Wightman, 
Manlapig 

Improvement of Crusher 
Model and Circuit 
Simulation 

CR.1:  Crusher Model Development 
 

Chalmers Evertsson 

CR.2:  Dynamic Inventory tracking and 
modelling 
 

Chalmers Evertsson 

Improved model of HPGR 
Comminution Circuits 

HPGR.1  HPGR Model Hacettepe Benzer 

 



Project Proposal P9P 
The Optimisation of Mineral Processes by Modelling and Simulation 

October 2011  11 

SUMMARY TABLE (cont) 

Research Theme Project Title 
Research 
Institute 

Research 
Leaders 

Enhancement of Existing 
JKSimMet Models and 
development of Future 
Model Structures 

MILL.1:  Refinement of SAG/AG Model 
 

JKMRC Kojovic 

MILL.2:  Refinement of the RoM Ball Mill 
Model 
 

UCT Mainza 

MILL.3:  Ball Mill Model JKMRC/HU/UFRJ Shi, Benzer, 
Tavares 

MILL.4:  Generic Mill Model 
 

JKMRC Powell 

MILL.5:  Mechanistic multi-component ball mill 
model 

UFRJ Tavares 

Enhancement of existing 
Separation Models and 
development of new 
Model Structures as 
required for full circuit 
simulation 

SEP.1:  Multi-component Cyclone Model UCT/JKMRC Mainza, Waters, 
Holtham, 
Brennan, Collins 

SEP.2:  Screen Model- from fine to coarse UCT/JKMRC Hilden, Mainza, 
Benzer, Waters, 
Holtham, 
Evertsson 

SEP.3:  Physical separation 
 

UFRJ Tavares Powell 

Evaluation of Ore Mineral 
Behaviour in flotation 
feeds 

FFC.1:  Development of small-scale tests to 
characterise flotation performance. 

JKMRC, UCT Bradshaw / 
Harris / 
Wightman 

FFC.2:  Effect of mineral association on 
valuable mineral behaviour 
 

JKMRC Peng 

FFC.3:  Coarse particle recovery 
 

USM Yianatos 

FFC.4:  Surface characterisation using oxidation 
index 

Hacettepe Ekmekci 

Development of a 
separate, predictive, 
multi-component Froth 
Recovery Model for 
particles and water 

FR.1:  Froth model development (I) 
 

UCT O’Connor, 
Franzidis, Harris 

FR.2:  Froth model development (II) 
 

JKMRC Farrokhpay, Vos 

FR.3:  Froth layer modelling 
 

Newcastle Jameson, Ata 

FR.4:  Froth recovery enhancement 
 

JKMRC Farrokhpay 

Prediction of Water 
Recovery in the pulp 
phase 

WR.1:  Prediction of water recovery and 
entrainment 
 

JKMRC Runge, Vos 

Incorporation of the 
Effects of Flotation 
Environment on 
parameter ‘P’ on size by 
liberation-class basis 

FMD.1:  Pulp density effects 
 
 

JKMRC TBA 

FMD.2:  Effect of energy on flotation kinetics 
 

UCT Deglon, Harris 

FMD.3:  Model development focussing on 
contribution of physical equipment parameters 
ie , energy, shear, turbulence, viscosity 
 

JKMRC Runge, 
Schwartz, Vos 

FMD.4:  Performance prediction for ‘Big Cells’ 
 
 

USM Yianatos 

FMD.5:  Model development and calibration 
from plant data 

UCT Harris, Sweet 

FMD.6:  Flash flotation cell performance 
 

JKMRC Bradshaw 
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In addition, Research Institutes with no specific projects currently nominated may contribute in an 
associate capacity to broaden the researcher base and provide for sponsors to develop local support 
relationships. 

3.5.1 P9P Case Study and Integration Program 

Case Studies 
 
P9P will be focused on the development, measurement, experimentation, modelling, application of 
simulation, analysis of results, reporting of case studies and the overall management of the execution 
process. 
 
This will be by way of Case Study investigations with Partner Sponsors to provide direct benefits to the 
sponsor operations, and insights to other sponsors through reporting of outcomes.  The surveys 
undertaken in the case studies will also include data gathering for specific research projects addressing 
aspects of enhanced modelling for comminution and flotation processes. 
 
The case studies will be undertaken by teams which may consist of about 6 personnel. These would be 
provided through the appropriate execution groups (‘Hubs’) (3), including postgraduate students, and 
the mining company staff (3). 
 
The project will provide a person who will provide the protocols, continuity in methods, and technology 
transfer to Hub personnel. 
 
Ore characterisation in the case studies will involve sample processing at the JKMRC using mineralogical 
analysis, particularly tomography. Basic treatment of samples, assaying and sizing, would be provided by 
the sponsoring operation. 
 
Customised multi-component simulations will be constructed in the “MDK” framework to support ‘What 
If?’ investigations as part of the ongoing case study engagement.  Appropriate measures will be 
developed to evaluate the responses from the multi-component simulation directed at improved 
financial outcomes for the operation.  The inputs which have the most critical influence on circuit design 
and operation will be identified.  It is envisaged that investigations will fall into one of two categories: 
 

 Non-variable ore:  Feed will be characterised; plant survey and circuit optimisation evaluated; 

surveys of revised plant configuration performed; further simulation studies with enhanced 

models to confirm optimisation. 

 

 Variable ores:  One feed type characterised in conjunction with plant survey; additional ore-

types characterised in detail, and simulations performed for plant performance on the separate 

ore-types and blends. 

It is anticipated that 4 – 6 Case Studies will emerge from discussions with prospective Partner Sponsors 
and it is hoped to cover a range of mineral types and geographic regions which will require significant 
collaboration between the research group and the sponsoring organisations. 
 
Integration Projects 
 
The Case Study program will be supported by research programs on themes building on progress made 
in P9O, and addressing the overall Project Research Goals presented in the P9P Project Strategy. 
 

IFC – Feed Characterisation: 
Evaluation of ore mineral texture and liberation characteristics 
 

MDK – Simulation Platform Development: 
Development of multi-component simulation structure and application framework  
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Table of Proposed P9P Integration Projects 
 

IFC – Feed Characterisation 
Evaluation of ore mineral texture and liberation characteristics 

 
IFC.1 
Quantifying ore 
components 

Project Synopsis 
In P9O the KB case study provided ‘proof of concept’ 
for this approach which uses tomography 
techniques to quantify texture (grain size, 
distribution, spatial location and association).   This 
project will now apply this approach to the 
measurement of textural characteristics in unbroken 
particles.  Application of this approach will allow 
components (for use in the multi-component 
modelling framework) to be strictly defined. 
Textural convergence can be used to define ore type 
and the approach will also be used to determine the 
minimum number of particles that need to be 
measured in order to quantitatively describe the 
ore.  In addition this approach can be used to 
quantify if ore types are the same.   
The data produced from this will be used as inputs 
into the ‘virtual block’ model for breakage in the 
multi-component framework. 
 

Deliverables and Values 
Measurements of ores using 
tomography techniques and other 
mineralogical tools as appropriate 
(from application studies?). 
 
Application of bootstrapping 
techniques to quantify textural 
convergence. 
 
Development of methodologies to 
quantify ore types/components. 
 

IFC.2 
Quantify the definition of 
random and non-random 
breakage  in ores 

Project Synopsis 
P9O developed a method for simulating liberation 
based on random breakage. The predictions using 
random breakage for the KB ore sample have been 
accurate. Breakage of ores of more components 
could require the use of non-random breakage. 
 

Deliverables and Values 
Testing breakage of many ore types to 
quantify breakage definitions. 
 

IFC.3 
Characterising process 
streams using 
tomography 

Project Synopsis 
This project will build upon the advantages of X-ray 
Tomography that have been identified in P9O, 
developing methods to measure key particle 
characteristics in sub 425 micron particles typically 
found in process streams. 
 

Deliverables and Values 
Development of X-ray tomography 
techniques to measure particle size, 
composition and texture in samples of 
process streams. Techniques will 
minimise the sample preparation and 
number of measurements to obtain 
required data. 
 

 
MDK – Simulation Platform Development 

Development of multi-component simulation structure and application framework 

 
MDK.1 
Customised multi-
component simulation 
framework 

Project Synopsis 
The KB case study highlighted the need for a 
dedicated team to develop a customised multi-
component simulator.  As P9P takes this approach 
further into application, this project will be 
responsible for delivering a multi-component 
simulation framework. 
 

Deliverables and Values 
Development of working customised 
multi-component simulation 
applications for designated case-
studies. 
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3.5.2 P9P Comminution Program 

Over many years of research and application in both laboratory and operating plants, the P9 program 
has developed measurement methods, unit process models, and model fitting and simulation software.  
This has provided design and optimisation capability to the minerals industry for a range of 
comminution and classification processes. 
 
With enhanced mineral characterisation tools (MLA, tomography) it has become possible to inform 
decision making with quantitative mineral by mineral data, rather than evaluating an ‘average’ 
performance of the various components in a mineral processing plant feed.  To utilise this enhanced 
capability, new ore feed characterisation methods and comminution device models are required to 
accommodate ‘multi-component’ simulation.  To maximise the benefits from integration of these two 
aspects of feed characterisation and model development, will require development of more 
fundamental breakage characterisation tests with models reflecting the actual breakage mechanisms in 
action in the various devices being modelled. 
 
Five general Research Themes have been developed to build on the progress made in previous 

iterations; take into account the context from industry discussions; and address the overall Project 

Research Goals presented in the P9P Project Strategy. 

 

ORE – Feed Characterisation: 
Evaluation of mineral breakage and liberation characteristics 

 
CR – Crushing: 

Improvement of crusher model and circuit simulation 
 
HPGR – HPGR Model Development: 

Improved model of HPGR comminution circuits 
 
MILL – Tumbling Mill Model Development: 

Enhancement of existing JKSimMet models, and development of future model structures 
 
SEP – Classification and Separation: 

Enhancement of existing models and development of new model structures as required for full 
circuit simulation 

 
Further information on the future directions for the five themes is presented in the following sections. 
 
Feed Characterisation 
 

The key elements to be addressed under the theme of Feed Characterisation are: 
 

 Multi-component liberation 

 Response to changes in the feed blend 

 Product size and density by component 

Three breakage tests will be investigated: 
 

 JKRBT, bed  breakage, abrasion 

 Core to 100kg scales 

 Separation into components 
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Mineralogical investigations will be conducted to determine mineral abundances and texture as related 
to size reduction: 

 Tomography 

 MLA 

The effect of slurry viscosity on wet grinding processes will be evaluated with the purpose of including 
this feature in the transport models associated with wet grinding devices. 
 
Crushing 
 

Crusher model development has not progressed in recent extensions of P9.  Crushing as a process has 
become more significant with the advent of HPGR size reduction and the reliance of SAG mill grinding 
circuits on appropriate feed preparation and recycle pebble crushing.  Particular aspects for 
investigation and incorporation into new models are: 
 

 Crusher size 

 Chamber design 

 Operating conditions 

 Dynamic response 

 Circuit inventories filling, conveyor loading and bottleneck prediction 

To enhance the researcher base with particular crushing expertise, it is envisaged that Chalmers 
University of Sweden will join in the collaborative research effort. 
 
HPGR Modelling 
 

The model for HPGR developed in P9O will be further refined to improve the predictive capabilities.  
Particular improvements will address: 
 

 Properties of recycle streams 

 Incorporation of bed composition 

 The edge effect 

 Explicit modelling of different components 

The anticipated result will be an enhanced ability to simulate alternate circuit configurations with feeds 
of different mineralogy and size distribution. 
 
Tumbling Mill Model Development 
 

For accurate simulation of circuits with SAG mills and ball mills in JKSimMet, assessment is currently 
restricted to largely scale-up response evaluation: with simulations requiring to reflect the conditions 
under which the surveys to determine model parameters were conducted. 
 
To provide Improvements to predictive capability of current JKSimMet models, a single mill model 
structure is proposed.  Aspects to be incorporated will include: 
 

 Mill filling percentage 

 Power 

 Throughput limit 

 Discharge design 

 Ball size 

 Feed topsize 

 % solids 
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The enhanced models will incorporate multi-component structures to align with the overall goal of 
integrated circuit simulation. 
 
Classification and Separation 
 

To be able to combine process models in integrated circuit simulations to assess the interaction of 
comminution on separation, it is essential that models for classification and separation processes 
incorporated within ‘pre-concentration’ and grinding circuits, are able to predict the specific response 
for the various components in the process streams.  Research activities will address: 
 

 Refinement of the multi component cyclone model developed in P9O 

 Development of a robust, predictive model for screening, including fine screening 

 Incorporation of appropriate models for physical separation unit processes 

Table of Proposed P9P Comminution Projects 
 

ORE – Feed Characterisation 
Evaluation of ore mineral breakage and liberation characteristics 

 
ORE.1 
Ore Characterisation 
Protocols 

Project Synopsis 
This project will develop a reduced and consistent 
set of ore characterisation techniques and protocols 
to match the improved and more mechanistic 
models that are under development.  The range of 
tests will be streamlined so as to keep them 
manageable and common to all the comminution 
devices and to provide the data to link comminution 
and recovery processes.  The techniques will include 
JKRBT, bed breakage, abrasion, core to 100 kg 
samples, separation into components by 
competence, tomography of feed and test product, 
MLA of product, viscosity in slurry and particle 
shape. 
 

Deliverables and Values 
Reduced range of tests to be 
conducted, faster and cheaper.  Ability 
to model any component in a circuit 
from the same standard set of tests.   
Inclusion of liberation prediction in ore 
breakage results. 
 

ORE.2 
Fine particles breakage 
characterisation 

Project Synopsis 
This project will focus on developing a more reliable 
and easy-to-test method for fine particle breakage 
characterisation, supplementary to the existing 
coarse particle impact testing devices (DWT/RBT). 
The work will benefit from access to the selFrag 
device, where minerals can be liberated in their 
original shape, texture and grain size.   The breakage 
model calibrated with such data can be used to 
estimate the power requirements of grinding mills, 
compared with the traditional Bond method.  
Examination of liberation spectrum from minerals of 
different ‘hardness’. 
 

Deliverables and Values 
This work will provide multi-
component breakage appearance 
functions, for use in comminution 
modelling of plant devices, which are 
more relevant to HPGR, ball mill and 
fine grinding operations than the 
current impact breakage 
characterisation methods.  This 
characterisation of mineral breakage 
and liberation can then be linked with 
P9 flotation models, particularly for 
regrind applications. 
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ORE.3 
Breakage and liberation 
modelling 

Project Synopsis 
This project will investigate whether the breakage 
characteristics of an ore can be predicted based on 
its mineral content and its texture.  A methodology 
linking comminution energy to grinding product size 
and composition will be developed.  This 
methodology will remove the current disjoint 
between these parameters and allow their 
optimisation concurrently.  The project will extend 
previous P9O work on random breakage to various 
types of non-random breakage which will assist in 
fine-tuning liberation models to accurately predict 
observed comminution behaviour. 
 

Deliverables and Values 
A method to estimate ore breakage 
and liberation characteristics from 
mineralogy and texture which is 
credible and achievable;  a reduction in 
the number of physical breakage tests 
required to characterise ore hardness;  
a model which in one step can estimate 
the energy required to generate a 
separation feed which meets both the 
particle size and particle composition 
specifications for the separation 
process;  a methodology to identify and 
quantify non-random breakage of 
mineral grains in ores. 
 

 
 
CR – Crushing 

Improvement of Crusher Model and Circuit Simulation 
 

CR.1 
Crusher Model 
Development 

Project Synopsis 
This project will develop a crusher model that can 
predict performance as the crusher chamber 
geometry is varied and can respond to changes in 
speed, pressure, mode of feeding, recycle pebble 
feed, along with providing an output of loading 
forces and power draw.  The model will also predict 
product size as ore type and crusher operation vary.  
Crusher response, power and loading will also be 
addressed. 
 

Deliverables and Values 
As ore preparation through crushing 
again becomes a critical component of 
the comminution circuit with the 
introduction of HPGR, the industry will 
benefit enormously from appropriate 
design and operation modelling 
through, prevention of bottlenecking; 
effective use of crushing capacity;  
matching crushers to the required duty 
over the life of the chamber liners; 
assessment of specifications for 
crushers for pebble recycle 
applications. 
 

CR.2 
Dynamic Inventory 
tracking and modelling 

Project Synopsis 
This project will track and model the non-steady 
state flows of material around a circuit, so as to 
predict build-up and depletion.  The mathematical 
capability will be developed and the conceptual 
simulation framework demonstrated to allow for 
unequal feeds into and out of process equipment, 
such as crushers, bins, hoppers, sumps, and 
conveyors. 
 

Deliverables and Values 
A predictive dynamic model of mass 
flows around circuits.  Simulation 
framework to handle these non-
steady-state flows and differential 
flows around a circuit.   Ability to 
simulate non-steady state crushing 
circuits, critical to HPGR circuits.  
Correct design of storage capacity in 
circuits, critical to circuits where the 
equipment capacity varies considerably 
over time with ore type, consequently 
causing mix-matches in feedrates 
about the circuit.  Prevention of 
bottlenecking; effective use of crushing 
capacity by increasing utilisation time. 
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HPGR – HPGR Model Development 
Improved model of HPGR Comminution Circuits 
 

HPGR.1 
HPGR Model 

Project Synopsis 
This project will further refine the HPGR model 
developed in P9O to improve its predictive 
capability.  Particular improvements will include the 
recycle modelling capability with explicit properties 
of the recycle arising from different forms of 
classification (wet screen, dry screen).  Improved 
modelling of the edge effect, incorporation of bed 
composition and explicit modelling of different 
components. 

 

Deliverables and Values 
More accurate HPGR model for 
prediction of the device throughput 
and product in a range of potential 
circuit configurations with different 
feed blends;  Prediction of the 
influence of edge recycle, different 
modes and sizes of screening recycle, 
influence of crushing preparation, 
variation in operating pressure, feeding 
pebbles, truncation of feed sizes, 
blending of different ores; associated 
testing techniques. 
 

 
 
MILL – Tumbling Mill Model Development 

Enhancement of Existing JKSimMet Models and Development of Future Model Structures 
 

MILL.1 
Refinement of SAG/AG 
Model 

Project Synopsis 
This project will refine the AG/SAG model to 
incorporate theoretical developments over the past 
10 years, including multiple components, liner 
design and improved transport models.  The model 
will be based on mill power and geometry and will 
utilise the upgraded generic mill model structure. 
 

Deliverables and Values 
Greatly improved AG/SAG model with 
improved capability with a wide range 
of ball loadings, feed size distributions, 
ore components and liner designs. 
Ability to simulate at varying mill loads 
and enhanced pebble and slurry 
discharge functions. 
 

MILL.2 
Refinement of the RoM 
Ball Mill Model 

Project Synopsis 
The RoM ball mill model developed in P9O will be 
aligned to a common tumbling mill model structure;  
this refined  model structure will provide a 
continuum of prediction over the full range of ball 
loading in SAG mills. 
 

Deliverables and Values 
A model for RoM ball mills that has the 
same structure as AG/SAG models 
which thereby allows direct 
comparison of the operating outcomes 
from autogenous grinding right 
through to high ball loads with pre-
crushing of the feed, use of the same 
ore characterisation data used for 
AG/SAG and ball mills 
. 

MILL.3 
Ball Mill Model 

Project Synopsis 
Upgrading empirical ball mill model to be based on 
power and use a transport and discharge model to 
predict solids loading.  Introduce components by 
competence. 
 

Deliverables and Values 
Greater predictive capability, such as 
slurry transport capability, efficient 
operating ranges as feed types change. 
 

MILL.4 
Generic Mill Model 

Project Synopsis 
In this project, a generic mill model structure will be 
developed that is generic to all types of tumbling 
mills: SAG, AG, RoM, primary ball, secondary ball, 
tertiary ball and dry milling.  The aspects of grinding 
and transport common to all mills will be identified 
and then developed as required to cover the full 
range of milling conditions.  A common 
mathematical and simulation platform for the mill 
models will be developed.  This project overarches 
the other mill modelling projects proposed for P9P. 
 

Deliverables and Values 
More realistic models with a far wider 
range of response to changing ore and 
operating conditions; a model that 
responds smoothly in transition for AG 
to ball mill; a model that can use a set 
of ore characterisation results common 
to all mill types will not require further, 
and often inconsistent, tests to 
simulate different types of mills in a 
circuit; accelerated development of all 
the mill models, due to a common base 
of knowledge, equations, and code. 
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MILL.5 
Mechanistic multi-
component ball mill 
model 

Project Synopsis 
This project will refine the mechanistic ball mill 
model developed through P9O.  It will develop and 
validate the mechanistic ball mill model in 
continuous operation and describe breakage in 
multicomponent comminution. 
 

Deliverables and Values 
The multicomponent mechanistic 
model of a continuous ball mill will 
allow sponsors to simulate their mills 
over a much wider range of conditions 
than has been possible previously, 
allowing for improved plant control. 
 

 

SEP – Classification and Separation 
Enhancement of Existing Models and Development of New Model Structures as Required for Full 
Circuit Simulation 
 

SEP.1 
Multi-component Cyclone 
Model 

Project Synopsis 
This project will refine the multi-component 
hydrocyclone model developed in P9 to take into 
account the measured viscosity and particle shape 
by incorporating an explicit rheology term in the 
model and quantifying shape types for each ore 
tested to enable the definition of a representative 
quantity for use as a shape factor for each material 
used 
. 

Deliverables and Values 
A robust model for hydrocyclones, well 
suited to multi-component ores; a 
model with the potential to predict 
performance based on ore properties 
alone.  The refined model will be of 
particular benefit for slurries with 
complex rheological behaviour, such as 
high clay content or containing high 
aspect ratio particles. 
 

SEP.2 
Screen Model- from fine 
to coarse 

Project Synopsis 
This project will develop a scaled physical model for 
screens that can be used to predict industrial screen 
performance from 50 microns up to 100 mm screen 
apertures.  The work at fine screen sizes is targeted 
at replacing or supplementing cyclone classification. 

Deliverables and Values 
A robust model for screens from 50 
microns to 100 mm, operating wet or 
dry;  confident prediction of the effect 
of switching from cyclone classification 
to fine screening;  capability of 
assessing the effect of screen 
performance on circulating loads;  
ability to model the load capacity and 
efficiency of SAG mill trommels and 
screens (currently a weak point in 
design) 
. 

SEP.3 
Physical separation 

Project Synopsis 
Incorporate models of physical separation devices 
from the literature and other simulator platforms (JK 
and elsewhere) into the simulator so as to expand 
its usability. 

Deliverables and Values 
Capability to assess the interaction of 
comminution, classification and 
physical separation devices in 
developing a flowsheet. Take full 
advantage of multicomponent 
capability of the simulator. 
 

3.5.3 P9P Flotation Program 

The value delivered in previous P9 flotation programs has been achieved through the iterative 
development of tools and methodologies that have been employed to obtain measurements used for 
the ‘AMIRA P9’ flotation model, and to gain insights and understanding into flotation behaviour.  The 
AMIRA P9 model which is both predictive and quantitative, has been widely used to identify and assess 
options (many of which have been non-intuitive) for improved circuit operations, that have produced 
significant benefits for the Industry.  This has also led to supporting work, being undertaken at a 
laboratory scale, to develop understandings which have led to direct improvements for operations and 
enhancements to the modelling and simulation capability.  It has been possible to assess different circuit 
configurations, assess the effect of grind size, and determine the variables that are limiting current 
flotation circuit recovery – directing where an operation should be targeting its resources. 
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As progress has been made, opportunities have been identified that require more understanding than is 
currently available, or where the current suite of measurements are inadequate (i.e. froth recovery).  In 
addition, it is becoming increasingly obvious that there is a need to incorporate the response to 
variables that are currently not included directly in the model; particularly where there is an optimum 
level of operation. (Such as the effect of increasing gas-rate or energy input.) 
 
From various discussions with representatives from Sponsor companies, and at the June P9 SRM, the 
following has been developed in respect to potential case studies, noting that the research programs 
can map into these case studies as required. 
 

Sponsor Operations Challenge Research Required 

Managing Ore Variability A basis for devising strategies and operating conditions to respond 
to variations in ore, building on the MCM approach and tools 
delivered in P9O. 
 

 Circuit Design Greater capability to scale up lab results to pilot scale and operating 
scale. 
 
Methodology to predict froth recovery. 
 

Energy Efficient Circuits Refine knowledge about flotation behaviour of coarse particles to 
enable prediction of circuit changes required to handle coarse 
particles. 
 

Larger Flotation Cells Research the implications for operations of larger cells and how to 
mitigate against any negative effects, e.g. lower power input, larger 
flows, sampling difficulties. 
 

Reduced Water Usage Research the effects of operating at higher pulp density, and with 
reduced quality water (e.g. recycled or saline). 
 

Optimising existing  circuits  To use the levers currently available to improve flotation 
performance. 
 

Skills shortage  To provide appropriate training and technology transfer. 
 

 
Four research themes have been developed to build on the progress made in previous iterations; take 
into account the context from Industry discussions; and address the overall P9P Research Goals. 
 

FFC – Flotation Feed Characterisation: 
Evaluation of ore mineral behaviour in flotation feeds 

 
FR – Froth Recovery: 

Development of a separate, predictive, multi-component froth recovery model for particles and 
water 

 
WR – Water Recovery: 

Prediction of water recovery in the pulp phase 
 

FMD – Flotation Model Development: 
Incorporation of the effects of flotation environment on parameter ‘P’ on size by liberation-
class basis 
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Table of Proposed P9P Flotation Projects 
 

FFC – Flotation Feed Characterisation 
Evaluation of ore mineral behaviour in flotation feeds 
 

FFC.1 
Development of small-scale 
tests to characterise flotation 
performance. 
 
This research effort will 
involve more than a single 
project and integrate with 
tomography analysis to 
evaluate particle attributes in 
3D. 

Project Synopsis 
This project addresses the need for a small scale 
flotation test to indicate expected process 
performance of an ore in the plant.  The project will 
build on the work from P9O to characterise particle 
behaviour and the chemical environment. 
Test various methods to characterise particle 
flotation behaviour on and off line: 
     -Batch  Flotation methods  
     - JKMSI 
     - Oscillatory Baffled Column  
Extend the approach developed in P9O from 2D to 
3D to determine: the extent to which particle 
flotation behaviour can be predicted from 
knowledge of the pure mineral rate constant; 
methodologies for measuring the pure mineral rate 
constant; and if the particle surface composition in 
3D can explain both selective and non-selective 
flotation mechanisms (i.e. entrainment). 
 

Deliverables and Value  
Development of a ‘Standard 
Floatability’ test. 
 
An effective methodology for 
characterising ore variability and 
behaviour throughout a flotation 
circuit. 
 
Prediction of flotation response 
based on the mineralogical 
characteristics of the feed.  A 
methodology for determining the 
value to be gained from processing 
a particular ore based on feed 
mineralogy rather than theoretical 
grade-recovery curves. 
 

FFC.2 
Effect of mineral association 
on valuable mineral 
behaviour 
 

Project Synopsis 
Identification of the contribution of gangue minerals 
(particularly fines) to flotation environment (pulp 
and froth), and the flotation performance 
(selectivity) of sought after minerals. 
 

Deliverables and Value  
The ability to characterise and 
handle deleterious gangue 
minerals.  Developed strategies for 
manipulating reagent 
addition/surface chemistry to 
minimise impacts. 
Effective strategies for the 
management of pulp density and 
‘slimes’. 
Assessment of the impacts of 
rheology for different feed streams 
and incorporation into the P9 
model. 
 

FFC.3 
Coarse particle recovery 
 

Project Synopsis 
Conduct small scale tests to characterise flotation 
environments suited to coarse particle behaviour. 
 

Deliverables and Value  
Simulation of novel circuits, 
including reduced primary grinding 
and / or split circuits. 
 

FFC.4 
Surface characterisation using 
oxidation index 
 

Project Synopsis 
This project will characterise the flotation behaviour 
of various ores from the same deposit using surface 
oxidation as a proxy and a practical methodology for 
estimating flotation response will be developed. 
 

Deliverables and Value  
A practical methodology for 
estimating the flotation response 
of various ores from within a 
deposit.  Opportunity to improve 
the blending strategy of the 
flotation feed through the use of 
the surface oxidation proxy.  A new 
ore parameter to be used in the 
flotation model. 
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FR – Froth Recovery 
Development of a separate, predictive, multi-component froth recovery model for particles and water 
 

FR.1 
Froth model development (I) 
 

Project Synopsis 
Validation of model developed in P9O. 
Characterisation of the behaviour of particles of 
various characteristics (ore type, shape, size, 
liberation class) in the froth phase, using a 
laboratory scale column cell; focus to be on fine 
particles (<25 microns) and coarse particles (>106 
microns).  Tracking of particle behaviour from the 
pulp, through the froth and to the tailings or 
concentrate. 
 

Deliverables and Value  
More robust prediction of froth 
recovery; a set of heuristics for 
flowsheet development (in MCM 
development).  Improved 
operational management of the 
froth with varying physical 
properties and chemical 
environments to promote recovery 
and selectivity. 
 

FR.2 
Froth model development (II) 
 

Project Synopsis 
Use of froth characterisation and measurement 
techniques (acoustic, electrical, visual) to quantify 
the mechanisms (coalescence, bursting, drainage, 
transport) affecting the recovery of constituents in 
the froth phase. 
Validation through measurement of froth drop 
back/froth recovery (FR.3). 
 

Deliverables and Value  
Development of a rate model for 
froth recovery. 
 
Ability to quantitatively predict 
recovery of constituents through 
the froth phase. 
 

FR.3 
Froth layer modelling 
 

Project Synopsis 
This project will build upon P9O work to build a 
device that can measure froth recovery, particle 
dropback and bubble load simultaneously, with 
particular focus on the effect of bubble load and 
particle size distribution on froth performance.  Air 
recovery will also be measured as a function of 
position in the cell, froth depth and air rate. 
 

Deliverables and Value  
Models to predict dropback and 
particle recovery as a function of 
particle size, liberation and 
hydrophobicity; characterisation 
tools, methods and protocols;  
technology and knowledge transfer 
to sponsor operations. 
 

FR.4 
Froth recovery enhancement 
 

Project Synopsis 
Characterisation of the contribution of cell geometry 
to froth performance. 
 

Deliverables and Value  
An understanding of the effect of 
lip length and froth crowders as 
tools for better performance. 
 

 

WR – Water Recovery 
Prediction of water recovery in the pulp phase 
 

WR.1 
Prediction of water recovery 
and entrainment 
 

Project Synopsis 
Development of P9 model structure and 
correlations; appropriate measurement methods to 
validate models. 
 

Deliverables and Value  
Enhancement of the P9 Flotation 
Model to better predict water 
recovery and entrainment in circuit 
simulations. 
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FMD – Flotation Model Development 
Incorporation of the effects of flotation environment on parameter ‘P’ on size by liberation-class basis 
 

FMD.1: 
Pulp density effects 

Project Synopsis 
Development of appropriate measurement and 
characterisation methods. 
 

Deliverables and Value  
The ability to predict flotation 
performance with different pulp 
densities. 
 

FMD.2: 
Effect of energy on flotation 
kinetics 

Project Synopsis 
Aim is to determine the extent and nature of the 
turbulence energy level on the kinetics of flotation.  
The oscillating grid flotation cell, developed in P9P 
will be used.  Ideal particles and real mineral 
particles will be tested. 
 

Deliverables and Value  
An assessment of whether 
significant flotation rate increases 
are possible by increasing the 
turbulence energy level in the 
flotation cell.  Equations describing 
this relationship suitable for P9 
model enhancement, and an 
identification of favourable process 
conditions. 
 

FMD.3: 
Model development focussing 
on contribution of physical 
equipment parameters ie , 
energy, shear, turbulence, 
viscosity 

Project Synopsis 
This project is aimed at improving the P9 Flotation 
model by adding a turbulence parameter and other 
parameters as appropriate and validating the 
upgraded model.  Extension of previous energy scale 
up work at JKMRC. 
 

Deliverables and Value  
Enhancement of the P9 Flotation 
Model to better predict pulp phase 
recovery in differing cell 
environments. 
 

FMD.4: 
Performance prediction for 
‘Big Cells’ 

Project Synopsis 
Investigations of predictions from lab scale to a 
suitable plant scale with actual flotation streams. 
Experiments to evaluate different particle 
suspension and gas circulation, particularly for big 
cells. 
 

Deliverables and Value  
Validation of the P9 model to 
predict performance of large cells 
and provision of insights to inform 
circuit design and operation with 
fewer, larger cells. 
 

FMD.5: 
Model development and 
calibration from plant data 

Project Synopsis 
This project will adapt the current P9 Flotation 
Model to be able to respond to data provided by a 
plant's standard measurements; doing away with 
the need for a specialised, one-off extensive plant 
sampling campaign to provide data to enable the 
use of the model.  It will also improve the model 
calibration process, non-standard measures. 
 

Deliverables and Value  
Ability to utilise the P9 Flotation 
Model without having to conduct a 
plant survey for solely that purpose 
(a model and calibration procedure 
using data provided by the plant 
SCADA database);  provide plant 
staff with the information required 
to develop a business case for 
appropriate plant measurement 
network design; method to develop 
and test operating and control 
strategies for flotation cells and 
banks;  procedure to evaluate plant 
measurement network design to 
meet metallurgical performance 
criteria. 
 

FMD.6: 
Flash flotation cell 
performance 
 
 

Project Synopsis 
Investigation of the effect of the pulp solids content 
on the flotation rates of liberated and un-liberated 
particles, on a size-by-size basis, as this relates to 
the flash flotation process. 
Evaluation of the flash flotation prediction using the 
P9 model. 
 

Deliverables and Value  
Validation of the P9 model to 
predict performance of flash 
flotation and provision of insights 
to inform circuit design and 
operation with flash flotation. 
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3.6. Benefits to Sponsors 
 
Benefits to sponsors flow from the development of characterisation techniques, unit models and 
process tools providing: 
 

 Direct delivery of value through case studies applying the P9 multi-component models through 
specific integrated simulation applications to: 

 
o Optimise process operations, in terms of equipment utilisation, process efficiency, and 

productivity. 
 

o Respond effectively to impacts of the full range of ore variability including mineralogy, 
grade, composition, size and hardness. 
 

 Enhanced suite of ore characterisation techniques (comminution, liberation, separation) 
focused on mineral composition and texture and individual mineral behaviour. 

 

 New multi-component models in a format for seamless porting into appropriate simulation 
frameworks. 

 

 Exposure and access to leading edge mineral characterisation technologies ie MLA and x-ray 
tomography. 

 

 Training, skills transfer and the development of skilled postgraduates for the industry. 
 
The value proposition for individual sponsors will be dependent, not only on the level of sponsorship 
taken up and therefore the level of specific site work, but also through further participation in the 
Project in terms of: 
 

 Operations commitment to site work, 
 

 Engagement with the research providers and students in an ongoing relationship, 
 

 Active participation in Sponsor Review Meetings, 
 

 Championing the take-up of research outcomes at sponsor sites. 
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4. ASSOCIATED PROJECTS 

With the establishment of CRC ORE in mid-2010, P9O has directed a portion of these funds to P9O 
researchers through the CRC.  The support from CRC ORE provides P9 sponsors with access to the 
outcomes from the CRC ORE Project P2B 005 - Integrated Extraction Simulator Specification Study 
($900k). The study relates to the development of simulator platforms which will ultimately be an 
additional facility for P9 sponsors to have practical access to P9 models. 
 
It is intended that P9P will continue to support the CRC ORE and that P9P sponsors will obtain the 
benefits of that association. 

5. PROJECT MANAGEMENT 

A number of management tools have been implemented to ensure that the status and outcomes of all 
projects are reported and transferred to sponsors.  In addition to six-monthly sponsor review meetings, 
and less frequent regional meetings, documentation will be issued regularly to enable reporting at 
various levels within companies.  Sponsors will nevertheless need to maintain an active role in the 
project to gain maximum benefit. 

6. PROJECT REPORTING 

6.1 Progress Report 
 
This document will form the major reporting document detailing results and summaries from all aspects 
of the project.  There will be two editions per year, prepared by the individual Project Leaders and 
collated by the Project Manager.  It will be delivered to AMIRA three weeks prior to each sponsors 
review meeting.  AMIRA will then post the document on the P9P Project area on the AMIRA 
International web site.  Distribution of P9P reports will only be by electronic means through the web 
site.  AMIRA will not be distributing hard copies of the Progress Reports. 
 

6.2 Deliverables Report 
 
The Deliverables Report will be a report on the status of each project, describing work completed 
against the originally intended outcomes or deliverables and highlighting any issues encountered and 
remedial action being undertaken if necessary.  This report will provide a relatively high level overview 
of the progress of the project. 
 
The initial Deliverables list will be prepared once the final project scope is defined and be presented at 
the first sponsors review meeting for confirmation.  Subsequent Deliverables Reports will be presented 
prior to and at each six-monthly Sponsor Review Meeting. 
 

6.3 Site Report 
 
On completion of each individual site research program, a Site Report will be prepared by the Project 
Team and delivered to the relevant sponsor only.  The requirements for specific site reports will be 
discussed with the relevant site sponsors prior to commencement of the work. 
 
The broad findings of any pilot plant or mine site study will normally be made available to all project 
sponsors in due course.  In cases where specific information is of a confidential nature it may, at the 
sponsor's request, be withheld from general project reports.  The publication of any proprietary data or 
information in the open literature will also be subject to permission being granted by the relevant 
sponsor(s).  Sponsors should advise AMIRA and the Project Manager of any information regarded as 
confidential. 
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6.4 Case Study Report 
 
Case studies will form a fundamental part of the P9P program.  In a similar fashion to Site Reports, Case 
Study Reports will be prepared for each respective Case Study sponsor.  The nature and structure of that 
report will be agreed with the respective Case Study sponsors as part of the Case Study scope. 
 
General outcomes of the Case Studies will be reported to all sponsors.  The degree to which specific 
information is made available to the broader sponsorship or subsequently published will be subject to 
the permission of the relevant sponsor(s). 
 

6.5 Final Report 
 
At the conclusion of the four year funding period a Final Report will be distributed.  This will be a 
comprehensive review of all the themes and individual projects.  It will summarise the state of 
knowledge in the technical areas addressed by the project and demonstrate how sponsors can use the 
information developed by the project. 

7. SPONSOR MEETINGS 

7.1 Bi-Annual Sponsor Review Meetings 
 
Sponsors Review Meetings will be held approximately every six months to report to sponsors on the 
status of the technical program and any notable achievements made, to monitor current progress and 
to discuss future planning and all project administration issues.  At these meetings sponsors will be 
invited to discuss the project direction and to debate the research findings and benefits coming from 
the project.  Associated with some of the meetings will be site visits to sponsors' operations, workshops 
on project technology and other technology transfer exercises. 
 
It is likely that one meeting per year will be held in Brisbane and the second at another major centre, 
close to sponsor operations.  During the course of P9O several Sponsors Review Meetings were held in 
South Africa. 
 

7.2 Regional Meetings  
 
In addition to the normal six monthly Sponsors Review Meetings, regional meetings will be held from 
time to time at appropriate locations and times to ensure a broad range of sponsor representatives are 
kept informed on the project. 
 
The regional meetings will, in addition to a general reporting on the project, focus on areas of research 
of particular interest to sponsors in that region.  Such sessions may also be interactive workshops. 

8. TECHNOLOGY TRANSFER 

8.1 AMIRA International Website 
 
P9P sponsors will have access to the P9P project area on the AMIRA International website.  Each 
sponsor will be required to nominate a primary sponsor representative who will be responsible for 
authorising access to the P9P project area. 
 
Copies of progress and technical reports, review meeting presentations and other management reports 
described below will be posted to the web site during the project. 
 
AMIRA International is investigating the use of the specific P9 project website and other platforms as 
additional or alternative means of providing access for sponsors. 
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8.2 Sponsor Review and Regional Meetings  
 
Sponsor Review Meetings and Regional Meetings are a prime opportunity for sponsor representatives to 
hear directly from the researchers in presentations as well as providing opportunities for 1:1 discussions 
with researchers and fellow sponsors.  This is a most significant means of technology transfer of both a 
formal and informal kind. 
 
Sponsors who make the effort to attend meetings and interact with researchers will maximise their 
opportunities to capture value and benefits from the project.  
 

8.3 Tools  
 
Owing to the nature of the project, a variety of tools arise directly or indirectly from P9 research.  These 
may include, for example: 
 

 computer simulations; 

 sampling systems; 

 sensors; and 

 other characterisation tools. 
 
These form extremely useful mechanisms for technology transfer.  P9P will deliver new measurement, 
characterisation and other tools which will considerably enhance the ability to predict and improve 
plant performance.  These tools will be developed, tested and validated on Partner Sponsor sites (see 
section 9 below), giving this category of sponsor first access to the new technology. 
 
The Supplier Sponsors may also facilitate the transfer of tools to the sponsor operations. 
 

8.4 Theses/Publications 
 
Since much of the research will be carried out by students, all or most of the work will eventually enjoy 
publication in research theses.  The sponsors throughout the history of this project have insisted that 
the project remain fairly open in terms of allowing students and project staff to present their work at 
various technology forums.  However mechanisms exist by which such publications may be restricted or 
deferred for a time, and the exclusion of confidential material can be considered, subject to the 
provision that the thesis must meet the normal academic criteria.  Implementation of such mechanisms 
and the content of the thesis can be discussed with the relevant sponsor(s) prior to preparation of the 
thesis, should the relevant sponsor(s) consider this necessary. 
 
A process has been established to approve publications and is managed by AMIRA. 
 

8.5 General 
 
These provisions for reporting and publication constitute a broad form of long-term technology transfer.  
Immediate or short-term implementation of existing technology or of novel developments will depend 
upon uptake of project outcomes, involvement and interaction between project personnel and 
sponsoring company staff, and the category of sponsor sponsorship.  The Project team will always be 
pleased to discuss the research with company staff at all levels. 
 

8.6 Case Studies and Site Work 
 
Crucial to the success of P9 is the transfer of project outcomes and technology to industry sponsors’ 
sites. P9P has been structured to assist this uptake of technology directly. 
 
Over the past 50 years, the interaction between P9 sponsors and researchers at sponsor sites has been 
one of the most beneficial elements of the project.  The P9 project recognises that in recent times, this 
process has become more difficult due to an industry-wide skills shortage in operations and the 
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increasing demands on the time of technical staff at sites towards tasks other than technology 
implementation. 
 
In P9P, the work program has been designed to take account of individual sponsor needs and to foster 
closer engagement between the researchers and the sponsors.  In cooperation with sponsor 
management and (site-based) operations teams, researchers will put significant effort into making 
methods and tools more accessible to plant operators, and easier to use. 

9. PROJECT SPONSORSHIP  

As with the previous extension to P9, two levels of sponsorship are proposed for which sponsors will 
receive engagement and site visits from researchers: 
 

 For Partner Sponsors, site work will be focused on the development and application of multi-
component modelling and simulation.  This activity will involve ongoing interaction with the 
Project Team and will generate the greatest benefit for the sponsor and the research program.  
They will have first access to this new technology, customised to their operation, before the 
generic outcomes are available to all sponsors.  Partner Sponsors will, in addition to the 
benefits obtained by the Major Sponsors, be involved in the development and testing of other 
project outcomes - particularly “tools” - on their plants. 

 

 For Major Sponsors, the research team and each sponsor will jointly identify an opportunity to 
execute a focused study of an aspect of plant operation at the company site.  This will assist in 
implementing project outcomes.  The selected study will provide direct and immediate benefits 
to the plant in question as well as generic research that will contribute to the project as a 
whole.  

 

 Minor Sponsors will continue to receive access to project outcomes through the six monthly 
reports and Sponsor Review Meetings, and the regular Bulletins.  They will enjoy priority access 
to project outcomes through JKTech, MPTech and JKTech software development.  

 

 Supplier Sponsors will continue to receive access to project outcomes through the six monthly 
progress reports and Sponsor Review Meetings, and the regular Bulletins.   

 
The category of Research Associated Supplier Sponsors was trialled in P9O.  While no provision is 
presently made for this category to continue, discussions will be held with supplier sponsors through the 
Roadshow phase and into project kick-off.  Should there be a demand for this level of sponsorship the 
situation will be reviewed by AMIRA and the Project Team.  Sponsors will be provided with an 
opportunity to comment on any RASS sponsorship that may arise. 
 
Detailed benefits and rights for each category of sponsorship are given in Appendix A.  The funding 
levels for each category are provided in the financial section below. 

10. FINANCIAL 

A preliminary draft budget has been developed from the estimated number of students needed to 
undertake the projects, the supervision they will require and the input of experts needed at all levels to 
carry out the case studies and achieve the research goals of the P9P project.  Equipment and running 
costs and overheads have been incorporated using the factor method.  The total budget is estimated at 
an average of approximately AUD5.1 million per annum (including AMIRA fee).  The final budget will be 
prepared once the level of sponsorship is known.  This may also necessitate modification of the 
deliverables of each project accordingly. 
 
In order to fund the budget, the following levels of sponsorship are proposed for the different 
categories of P9P sponsors: 
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Sponsorship Level Initial Annual Value 
Total over 4 years 
(including 3% annual increase) 

Partner Sponsor A$350,000 A$1,464,269 

Major Sponsor A$175,000 A$732,135 

Minor Sponsor A$90,000 A$376,526 

Supplier Sponsor A$50,000 A$209,181 

 
A 3% increase to the annual sponsorship level will be applied in each of the 3 successive years of the 
project.  No discount is applied for previous P9 sponsorship. 
 
In addition to project sponsorship, Partner and Major sponsors will also be expected to cover the cost of 
expenses related to site specific work, i.e. transport of research personnel and equipment to and from 
site, accommodation expenses, extraordinary equipment and sample analysis ( i.e., size-by-size analysis 
for flotation work) etc.  These will all be fully itemised and agreed prior to commencement of any site 
work.  

11. ADDITIONAL FUNDING 

As with P9O, additional funding for P9P associated or support (parallel) projects will be sought from a 
number of sources. 
 
The University of Queensland is a participant in CRC ORE and as previously described in Section 4, this 
relationship delivers further value to P9 through the federal Government funds that this brings into the 
CRC for research which is associated with, and benefits, P9 activities. 
 
An application will be made by the University of Queensland and the University of Newcastle to the 
Australian Research Council (ARC) for Linkage Project funding in the area of flotation.  ARC has a focus 
on Australia’s mineral and energy resources, which fits well with the P9 project.  An ARC Linkage Project 
in flotation was successfully applied for at the start of P9N.  If the application for an ARC Linkage Project 
Grant is successful, all the findings from this project will be reported to the P9P sponsors. 
 
South Africa has the Technological Human Resources for Industry Programme (THRIP), which will be 
approached for matching funding based on the money paid to the P9 project by South African sponsors.  
In previous P9 project extensions these additional funds were controlled by a Collaborative Research 
Venture (CRV), which allocates funds directly to P9 and supports further projects at UCT that feed into 
P9. 
 
If UCT is successful in obtaining THRIP funds from the South African Government, these funds will be 
managed by the CRV, and will be used to support associated research.  The outcomes of this research 
for projects directly associated with P9P will be reported to P9 sponsors.  Other projects will be reported 
at the discretion of CRV members. 
 
Hacettepe University will apply to TUBITAK (The Scientific & Technological Research Council of Turkey) 
and to the Hacettepe University Research Foundation for additional resources to support their P9 
projects.  
 
All the generic outcomes from industry funded P9 projects will be reported to all P9P sponsors.  The 
outcomes from site studies from these additional funding sources will be reported first to that site or 
sponsor.  After this report has been reviewed, generic information and other information at the 
sponsor’s discretion will be reported to all the sponsors. 
 
If some or all of the above mentioned applications for extra funding are successful, the additional 
research (parallel projects) undertaken will be reported through the usual P9 reporting mechanisms as 
previously described. 
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Sponsors should be aware that similar additional funding arrangements were provided for P9N and P9O, 
and that AMIRA International has experience in handling these project structures. 

12. PROJECT PLAN AND MILESTONES 

The final Project Plan will be prepared at a Researchers Meeting in March 2012.  This plan will list the 
specific sub-project scope, key deliverables and any relevant milestones as well as the researcher and 
organisation responsible for that project.  This Plan will form the basis for reporting of progress against 
those deliverables at Sponsor Review Meetings. 
 
The final Plan can only be completed once the full extent of project funding is known, and discussions 
held with all Partner and Major Sponsors to decide on case study and site work to be carried out during 
the course of the project. 
 
The plan will be circulated to all sponsors for comment immediately after the Researchers Meeting. 
 
The final version will be presented to sponsors at the initial Sponsors Review Meeting in June 2012 for 
discussion and approval. 
 
Sponsors will be notified of any adjustment or change to the Plan due to unforeseen circumstances or 
the need to alter research direction in the light of learnings gained during the course of the project. 

13. ADMINISTRATION AND MANAGEMENT 

A complex project of this nature requires significant effort from all involved to ensure that deliverables 
and deadlines are met insofar as is possible with any research program. 
 
The responsibilities of the various parties are described in the following sections. 
 

13.1 Sponsor Companies 
 
Each company confirming their support of the project to AMIRA will commit to the four year 
programme, and advise AMIRA of their key contact and other representations to receive reports and 
correspondence.  The terms and conditions of the commitment to AMIRA are explained in Appendix F.  
AMIRA should be advised of any changes to this role.  AMIRA will inform the project team of the 
sponsors’ representatives, their details, and maintain a database of the contact details. 
 
Following issue of the appropriate invoice, annual sponsorship payments will be made to AMIRA.  It is 
expected that annual sponsorship will be invoiced on a quarterly basis.  These payments may be 
invoiced out of the Melbourne Office or a Regional Office as is appropriate after discussion with 
Sponsors.  Payments need to be made in the allocated time period to ensure the commitments to the 
research contractors can be met. 
 
The key to maximising sponsors' investment in the project is active project involvement.  It is in the 
sponsors' interest in gaining the maximum benefit from this research investment to maintain a pro-
active involvement in the project, with consistent sponsor representation maintained at a senior level. 
 

13.2 AMIRA International 
 
AMIRA International will take on its normal coordination role in the project, including: 
 

 proposal preparation and marketing; 

 project start-up; 

 contractual arrangements; 

 invoicing of sponsors and payments to researchers; 

 sponsor liaison; 
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 research coordination; 

 assistance with report preparation and distribution; and 

 organisation, convening and chairing of sponsors' review meetings. 
 
The research coordination role does not include direct project leadership. 
 
AMIRA International has its corporate office in Australia (Melbourne) and has established Regional 
Offices in South Africa, (Johannesburg), North America (Denver) and Latin America (Santiago).  Ross 
McClelland will be the AMIRA Program Manager responsible for the project based in Melbourne office.  
Sponsors may direct queries directly to Ross or via any of the respective Regional Program Managers. 
 

13.3 The Researchers 

13.3.1 Lead Institution 

JKMRC will continue to take the lead role in the overall management of the project, including 
scheduling/planning and technical direction of the overall program and coordination of project 
reporting.  The Project Manager will be appointed from the JKMRC, and will liaise with the AMIRA 
Program Manager. 

13.3.2 Project Management 

Craig Brown of the JKMRC will be the Project Manager with a team of project leaders, each of whom will 
be responsible for one major research area. 
 

 Case Study Management – Mr Craig Brown, JKMRC 

 Multi-component Integration and Simulation – Prof Emmy Manlapig, JKMRC 

 Comminution Processes – Prof Malcolm Powell, JKMRC 

 Flotation Processes – Prof Dee Bradshaw, JKMRC 

13.3.3 Collaborating Institutions 

Each research collaborating institution, or associate institute, will handle its own day to day 
management of the project, with a Program Leader responsible to the Project Manager for the delivery 
of the technical program at their institution.  The Program Leaders will be: 
 

 UCT – Mr Martin Harris 

 McGill – Dr Cesar Gomez 

 University of Newcastle – Prof Graeme Jameson 

 Hacettepe University – Prof Hakan Benzer 

 Federal University of Rio de Janeiro – Prof Marcelo Tavares  

 Federico Santa Maria Technical University – Prof Juan Yianatos 

 Chalmers University of Technology – Prof Magnus Evertsson 

13.3.4 Project Teams 

The exact composition of each project team will not be decided until the research programs are finalised 
(i.e. after the number of sponsors in each category is established).  The extent of research collaboration 
in P9P will be greater than in any previous P9 extension, and many teams will comprise researchers and 
students from more than one collaborating institution. 
 
With the category of Partner Sponsor there will be a dedicated research manager coordinating each 
team for case study and site work.  These teams will be established once sponsorship is agreed. 
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13.3.5 The Researchers 

JKMRC 
Craig Brown, Emmy Manlapig, Malcolm Powell, Dee Bradshaw, Rob Morrison, Elaine Wightman, Cathy 
Evans, Peter Holtham, Frank Shi, Toni Kojovic, Matthew Brennan, Janine Lay, Simon Michaux, Marko 
Hilden, Saeed Farrokhpay, Weiguo Xie, Francois Vos 
 
UCT 
Martin Harris, David Deglon, Cyril O’Connor, Jenni Sweet, J-P Franzidis, Aubrey Mainza 
 
McGill University 
Cesar Gomez, Jim Finch 
 
University of Newcastle 
Graeme Jameson, Seher Ata 
 
Hacettepe University 
Hakan Benzer, Zafir Ekmekçi, Ozlem Bicak, Namik Aydogan, Hakan Dundar, Okay Altun 
 
Universidade Federal do Rio de Janeiro 
Marcelo Tavares 
 
A short CV for each researcher is included in Appendix D. 
 
Students 
The number of students required for the project will be determined when the project programme has 
been finalised. 
 

13.4 Technical Advisory Panel 
 
AMIRA International is seeking to establish a Technical Advisory Panel (TAP) which will provide an 
independent technical oversight of most of AMIRA’s projects and hence P9P.  Members of the TAP will 
be respected and creditable persons drawn from the industry with the experience and capability 
relevant to the specific projects in oversight.  Their role will be to, from time to time or as deemed 
necessary, review and monitor the technical directions of projects.  They will advise AMIRA who will in 
turn pass on any concerns or advice to respective Project Leaders and the relevant researchers. 
 
AMIRA will advise sponsors of the membership of the TAP and any reports relevant to their project. 

14. CONTRACT ARRANGEMENTS 

As for all AMIRA projects, sponsors will enter into an agreement with AMIRA to support the project over 
the 4 years.  Terms and conditions relating to sponsors joining the project are included in Appendix F. 
 
AMIRA, as agent for the sponsors, will execute contracts with each of the institutions involved.  A copy 
of the final document will be forwarded to sponsors on request. 
 
JKMRC will prepare any necessary contractual arrangements with other institutions who may act as sub-
contractors in the project. 
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Appendix A  
 

SPONSORSHIP CATEGORIES, BENEFITS AND INTELLECTUAL PROPERTY RIGHTS 
 

Partner Sponsors 

 Priority access to project outcomes, 

 Networking, 

 Receive IP Rights as per the standard AMIRA Contract, namely: 

o Royalty and license free right to use the Research Project Technology in Own Operations, 
o Rights to engage third parties to effect in Own Operations. (Agreements to be as stringent as 

this agreement). This will include the Supplier Sponsors of the project (as third parties) but 
without the rights to develop or sell to any other parties unless agreed under other provisions 
of this agreement, 

o Rights cannot be derogated by other agreements. 

 Special relationship with P9 Project team: 

o Management and Operations, 
o Access to project team. 

 Delivery of one case study at a company site from project team, using the integrated simulation 
platform based on fit-for-purpose multi-component models, that will contribute to the project 
as well as provide direct and immediate benefits to the plant in question, 

 Receive research contract, reports and attend meetings and workshops, 

 Input and rapid access to JK software development, 

 Agree to negotiate the costs, terms and conditions for the development of any research project 
technology. 
 

Major Sponsors 

 Priority access to project outcomes, 

 Networking, 

 Receive IP Rights as per the standard AMIRA Contract, namely: 

o Royalty and license free right to use the Research Project Technology in Own Operations, 
o Rights to engage third parties to effect in Own Operations. (Agreements to be as stringent as 

this agreement). This will include the Supplier Sponsors of the project (as third parties) but 
without the rights to develop or sell to any other parties unless agreed under other provisions 
of this agreement, 

o Rights cannot be derogated by other agreements. 

 Access to one plant study at a company site from project team that will contribute to the 
project as well as provide direct and immediate benefits to the plant in question, 

 Receive research contract, reports and attend meetings and workshops, 

 Input and rapid access to JK software development, 

 Agree to negotiate the costs, terms and conditions for the development of any research project 
technology. 
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Minor Sponsors 

 Priority access to project outcomes, 

 Networking, 

 Receive IP Rights as per the standard AMIRA namely: 

o Royalty and license free right to use the Research Project Technology in Own Operations, 
o Rights to engage third parties to effect in Own Operations. (Agreements to be as stringent as 

this agreement). This will include the Supplier Sponsors of the project (as third parties) but 
without the rights to develop or sell to any other parties unless agreed under other provisions 
of this agreement, 

o Rights cannot be derogated by other agreements. 

 Receive research contract, reports and attend meetings and workshops, 

 Input and rapid access to JK software development, 

 Agree to negotiate the costs, terms and conditions for the development of any research project 
technology. 

 

Supplier Sponsors 

 Quick access to project outcomes, 

 Networking, 

 Receive reports and attend meetings and workshops, 

 The following IP rights are granted: 

o Right to negotiate with IP owners (Researchers) for rights to develop Research Project 
Technologies subject to the rights of JKTech as designated commercialising party for UQ, and 
other similar bodies for other IP owners (researchers) after RAS Sponsors and after end of 
project. Royalties or license fees to be negotiated on commercial terms, 

o Subject to the rights and interests of the other Parties as provided in this proposal the royalty 
and license free right to use the Research Project Technology in Own Operations and in 
applications and developments involving the Own Operations of any other sponsor, 

o Rights to engage third parties to assist the Supplier Sponsor to effect their Rights in their in 
Own Operations. (Agreements between Supplier Sponsor and third parties to be as stringent 
as this agreement). This will include Supplier Sponsors of the project (as third parties) but 
without the rights to develop or sell to any other parties unless agreed under other provisions 
of this agreement, 

o Rights cannot be derogated by other agreements. 

 As a sponsor, have a preferential position in exploitation/licensing of project IP. 
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Appendix B 
 

Annual Payments with CPI Inflation at 3% 
 

 Year 1 Year 2 Year 3 Year 4 Total 

Partner Sponsor 350,000 360,500 371,315 382,454 1,464,269 

Major Sponsor 175,000 180,250 185,658 191,227 732,135 

Minor Sponsor 90,000 92,700 95,481 98,345 376,526 

Supplier Sponsor 50,000 51,500 53,045 54,636 209,181 

 
 
 

Appendix C 
 

Previous Extension P9O Project Sponsors: 2008 - 2011 
 

Alcoa World Alumina Freeport-McMoRan Mining 
Company 

Minerals and Metals Group Ltd 

Anglo American Hatch Africa OZ Minerals Limited 

AngloGold Ashanti Limited Impala Platinum Ltd Polysius AG 

Ausenco Limited LKAB Rio Tinto Technological 
Resources Pty Ltd 

Barrick Gold Corporation Lonmin Platinum Russell Mineral Equipment 

Bateman Minerals & Metals 
(Pty) Ltd 

Magotteaux Pty Ltd Senmin South Africa (Pty) Ltd 

BHP Billiton Base Metals Metso Minerals Process 
Technology 

Servicios Industriales Penoles SA 
de CV 

BHP Billiton Nickel West Ltd Newcrest Mining Limited Teck Metals Ltd 

Cayeli Bakir Isletmeleri-INMET Newmont USA Limited Vale 

COREM Outotec Xstrata Copper Limited 

FL Smidth Minerals   
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Appendix D  
 

Researcher Capability Statement and Project Leader CV’s 
 

Julius Kruttschnitt Mineral Research Centre (JKMRC) 
 
The Julius Kruttschnitt Mineral Research Centre (JKMRC) is an internationally renowned research and 
consulting organisation in the University of Queensland.  It works closely with the mining industry in 
Australia and overseas to develop and apply new knowledge in mineral and coal processing. It has for 
many years been a world leader in the application of modelling and computer simulation in the 
optimisation and design of mineral processing plants and operations. 
 
The main focus of research is on the characterisation, modelling and simulation, optimisation and design 
of mineral processes.  This is achieved by working on projects either individually or in collaboration with 
other research institutions worldwide.  The centre has strong linkages with the mineral industry and the 
industry has always played an important role in providing resources, finances, guidance and a receptive 
environment for the work.  
 
The training of postgraduate students in Masters and PhD research has always been a core element of 
the JKMRC.  Postgraduate students from many parts of the world form an essential part of the JKMRC 
research team.  They bring energy, enthusiasm, creativity and a sense of enquiry to the research 
process. 
 
The Centre has always recognised the necessity of transferring the results of research to the industry 
and this is achieved through the development of characterisation methodologies for ores, processes and 
machines in comminution, classification and flotation, and simulators including JKSimMet and 
JKSimFloat.  JKTech Pty Ltd was developed particularly to facilitate transfer of JKMRC developed 
technologies to the industry. 
 
Craig Brown, BE(ChemEng) GradDipGeoSci 
 
Craig has been appointed to the role of Project Leader for the proposed extension of the P9 Project, 
designated P9P.  He is a minerals engineer with over 33 years experience in the mining industry.  His 
original qualification was a B.E. in Chemical Engineering and he has additional formal qualifications in 
Mineral Economics. 
 
Craig’s career has included mine site roles from Project Metallurgist to General Manager.  In his career 
he has participated in processing ores of copper (Gunpowder, Mt Lyell, Thalanga), tin (Renison), iron-ore 
(Mt Newman), gold (SMC), and copper-gold (Red Dome). 
 
In consulting and engineering roles Craig has tested and developed processing options and plant designs 
for a wide range of mineralisation types including copper, gold, iron-ore, tin, lead-zinc, mineral sands, 
magnesium and nickel.  He has also participated in and managed feasibility studies for a number of 
resource developments covering a wide range of mineral types. 
 
He joined JKTech in 2004 as Principal Consultant and was then appointed to the position of Operations 
Manager, directing specialist consulting and laboratory services in comminution, flotation and 
production accounting.  Craig joined Rio Tinto Technology & Innovation in 2006 as Principal Advisor – 
Processing.  Work assignments covered a range of the Rio Tinto businesses including Dampier Salt, coal 
operations, aluminium group, Northparkes and Ranger Uranium. 
 
Having a passionate attachment to research and development, he has had an association with the 
JKMRC throughout his career, and has returned after a further period in consulting and engineering. 
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Emmy Manlapig, BMetEng MEngSc PhD 
 
Emmy Manlapig is Deputy Director and Senior Manager Mineral Processing Research at the JKMRC. 
 
Emmy received his BMetEng at the University of the Philippines.  He was awarded MEngSc in 1975 and 
PhD in 1977 at the University of Queensland.  He conducted postdoctoral research work at the Michigan 
Technological University, USA from 1977-1979 where he specialised in conventional and autogenous 
grinding simulation and control.  He returned to the JKMRC in 1979 to implement control at a number of 
concentrators in Australia.  He was with MIM from 1980 to 1990 in a number of senior capacities 
including Mineral Processing Research Manager.  He conducted and directed research in mineral 
processing including liberation, grinding, classification and flotation.  
 
Emmy joined the Division of Mining and Minerals Process Engineering at the University of Queensland in 
1990 to 2002 as a Principal Research Fellow. He taught mineral processing to undergraduate students at 
the department, supervised graduate students on flotation research at the JKMRC and consulted for 
Xstrata Technologies on flotation and comminution. 
 
Emmy joined the JKMRC in 2002, and from 2003 to 2011 he was Leader of the AMIRA P9 project. In 
2007, he became the JKMRC Chief Investigator in the Australian Mineral Science Research Institute 
(AMSRI) project. He was promoted to Professor in 2006. 
 
Malcolm Powell, BSc (Hons) MSc (Appl Sc) PhD 
 
Trained in Physics then moved into mineral processing at Mintek (South Africa). Studied grinding media 
motion and liner wear for a PhD. After 10 years, took a travel break of a few years and then in 1997 
formed the comminution group in the Centre for Mineral Research at the University of Cape Town. Built 
a group in Research and consulting, MPTech – the agents for JKTech, with extensive process modelling 
and simulation. 
 
In January 2007 joined the JK Research Centre of the University of Queensland to take up the Chair in 
Sustainable Comminution. Since 2011 Malcolm is a program leader in the CRC ORE (Cooperative 
Research Centre for Optimising Resource Utilisation), overseeing process integration. He leads the 
comminution research at the JKMRC. Malcolm collaborates extensively, with close compatriots on 5 
continents providing a comprehensive worldwide research team. 
 
Malcolm specialises in liner design, charge motion and DEM modelling, SAG mill modelling and control, 
classification and novel circuit design. He has developed a strong link between research and application 
by applying research knowledge to extensive site work and consulting to industry. He aims to link 
fundamental research into applied outputs through the development of practical and robust process 
models. 
 
Current overarching research areas are the unified comminution model (UCM); multi-component mill 
models; Flexible circuits - to utilise today’s equipment while enabling the uptake of tomorrows 
technology; and energy efficient, lower impact minerals recovery. 
 
Dee Bradshaw BSc PhD 
 
Dee Bradshaw holds a BSc and PhD in Chemical Engineering from the University of Cape Town. She 
worked for the, predominantly in the area of Flotation Chemistry with the strong support of the 
International Mining Industry.  During this time she was instrumental in establishing various research 
initiatives. These include the Depressant Research Facility and the Machine Vision Research Programme. 
More recently,  she collaborated with UCT’s Geology Department to set up a the Process Mineralogy 
initiative with  objective being to establish a working group with the ability to mineralogically 
characterise ores from a fundamental level and apply this information within a broader perspective 
towards the understanding and possible prediction of the behaviour of these minerals in the liberation, 
separation and disposal. In 2007 she spent her sabbatical and with Rio Tinto at both the Centre for 
Operational and Technical Excellence in Bundoora, at Kennecott Utah Copper Corporation in Salt lake 

http://www.cmr.uct.ac.za/project.html#drf
http://www.cmr.uct.ac.za/project.html#machinevision
http://www.cmr.uct.ac.za/project.html#processmineralogy
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City and with the Sustainable Minerals Institute at the University of Queensland working on 
‘EnviroGEM’. In November 2008, Dee joined the Julius Kruttschnitt Mineral Research Centre, as a 
Professorial Research Fellow and continues to work in these areas, with a particular focus in P9 and 
P843.   
 
Rob Morrison, BE PhD  
 
Dr Rob Morrison is a metallurgical engineer with more than thirty years of experience in mineral 
processing.  His experience includes operations and process development during four years at 
Bougainville Copper and plant design, construction and commissioning during six years with Fluor Daniel 
Australia. For nine years Rob was Manager of JKTech which provides optimisation and control services 
to the mineral industry as well as ore characterisation and a wide range of user friendly software.   
For the initial two years of its operation, Rob was the leader of Program 2 of the Centre for Sustainable 
Resource Processing. Program 2 is focussed on improving the eco-efficiency of existing operations. 
Rob was the leader of AMIRA Project P754 which has developed a Code of Practise and a text book for 
Metal Accounting. 
 
Rob is currently Chief Technologist at the JKMRC with responsibility for technical oversight of the 
research activities of the centre and for promoting the transfer of technology from research to the 
commercial realm. 
 
His technical interests include energy efficient mineral processing, advanced sorting techniques, 
characterisation of liberation and breakage, simulation and measurement techniques. 
 
Rob has published more than 80 technical papers, contributed to several text books and holds several 
patents. 
 
Peter Holtham, BSc MSc PhD  
 
Peter gained hands on mineral processing experience in Africa, where he worked for eight years for 
mining companies in Zambia and Namibia, before undertaking a Master’s degree at Manchester 
University in the UK.  
 
Moving from the United Kingdom to Australia in 1984, Peter completed a part time PhD in spiral 
concentrators while lecturing at the University of New South Wales.  Peter joined the JKMRC in 1992, 
initially as Mineral Sands Project Leader, before moving to Coal Preparation in 1995.   
 
He has been involved with P9 since 2004 in gravity concentration and classification and well as other 
AMIRA projects such as P239, P250, and P929. 
 
Elaine Wightman, BEng PhD 
 
Dr Elaine Wightman has worked extensively with automated image analysis techniques, such as MLA 
and QEMScan, to characterise material throughout the mineral processing chain, from exploration drill 
cores, comminution, flotation, tailings and smelter products.  She has participated in a number of 
industry funded collaborative research programs that over time has increasingly evolved into leadership 
roles both through the principal supervision of students funded by the projects and leadership of 
projects within larger research programs, including leadership of the Attributes project in P9O.  Dr 
Wightman is also the manager of the Mineralogy Services group at the Julius Kruttschnitt Mineral 
Research Centre which supports research at the Centre through the provision of a number of mineral 
characterisation tools including: the Mineral Liberation Analyser (MLA), X-ray cone beam tomography 
(CBT), X-ray fluorescence (XRF) and optical microscopy. 
 
Dr Wightman’s most significant contribution to the field of process mineralogy relates to her 
involvement in research programs which seek to understand the contribution from the physical 
characteristics of particles to their behaviour during processing.  She has also provided a significant 
contribution in the field of flotation through the use of other image analysis techniques to characterise 
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of the top of the froth in flotation cells.  The results from froth vision have been related to metallurgical 
performance and have been shown to provide insights into the role of particles and frothers in froth 
structure and froth stability.  Dr Wightman has also contributed to the development of methodologies 
to balance energy use in mineral processing through one-to-one interactions with industry.   
 
Cathy Evans, BSc PhD 
 
Cathy Evans is a metallurgist who brings almost 30 years of experience in mineral processing to her 
research work at JKMRC. Since graduating in Mineral Technology from Imperial College, London, Cathy 
has worked as a metallurgist at a porphyry copper mine in Peru and at Mount Isa Mines in Australia. 
During her career at the JK Cathy has specialised in Process Mineralogy, working as part of JKTech’s MLA 
Group and as mineral processing researcher at JKMRC. Recently Cathy expanded her skill set by 
completing a PhD as part of the P843 geometallurgical modelling project and now she has rejoined the 
P9 project to focus on her main area of interest - applying her knowledge of processes and ore 
mineralogy to develop practical methods for optimising mineral processing operations. 
 
Frank Shi, BE ME PhD  
 
Frank Shi joined the JKMRC as a visiting academic in 1988.  He was later enrolled as a postgraduate 
student and awarded a PhD degree from the University of Queensland in 1995.  He is currently a 
Principal Research Fellow.  Frank has been working for AMIRA P9 project for the past 23 years:  dense 
medium separation and slurry rheology in the early years, and comminution after 1995.  The 
comminution projects he worked on within P9 include HPGR, AG/SAG, ball mill, hydrocyclones, fine 
grinding, plant survey and simulations, grinding machine models, ore breakage characterisation and 
modelling.  He is one of the inventors of the JKRBT and the new breakage model, achieved in the P9N 
Project.  In addition to the AMIRA P9 project, Frank is also working on electrical comminution and coal-
fired power station projects. 
 
Toni Kojovic, ME PhD  
 
Dr Toni Kojovic holds a First Class Honours Degree in Mechanical Engineering from the Queensland 
University of Technology. After graduating with a PhD in mathematical model building from the Julius 
Kruttschnitt Mineral Research Centre in 1988, Toni joined the staff and became a specialist in 
comminution technology.  Over the past two decades he has worked with numerous operations in 
crushing, grinding and mine-mill optimization, and is a consultant in this field, applying his expertise to 
the base metals, coal and minerals industries around the world.  
 
In 2000 Toni was appointed Manager, Applied Technology and Research at the largest zinc mine in the 
world, Teck Cominco’s Red Dog Mine. He was responsible for all metallurgical and mechanical 
engineering, and the development of the technical and operating staff. Upon his return from North 
America in 2003, Dr Kojovic started his Brisbane based consulting company, SimSAGe Pty Ltd. He also 
works closely with the JKMRC as Research Consultant, concentrating on comminution and 
geometallurgical projects. He is the comminution leader in the AMIRA P843A GeM project and co-
developer of the new JKRBT ore breakage testing device. Dr Kojovic was also responsible for the 
development of models for power station grinding mills, as part of the Australian government funded 
APP project. Dr Kojovic is co-author of the JKMRC Comminution Monograph, co-editor of Barry Wills 
Mineral Processing Technology textbook, and has authored more than 60 papers on mineral processing 
technologies. 
 
Matthew Brennan, BE MSc PhD  
 
Dr Matthew Brennan graduated in Chemical Engineering from the University of New South Wales in 
1981 and worked for two years at the then BHP Port Kembla Steelworks. He gained an MSc in 1984 and 
in 1988 completed a PhD at UNSW. Dr Brennan’s PhD studied the recovery of natural gas condensates 
using membrane technology. Dr Brennan worked for COSTEC Pty. Ltd. from 1988 to 1993 where he 
developed process models for power station simulators. He came to the JKMRC in 1993 where he 
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developed a dynamic model of a rotary kiln for RGC Mineral Sands Pty. Ltd.  Since that time he engaged 
in further modelling projects for RGCMS (now Iluka Resources Pty. Ltd.). 
 
Dr Brennan is now a Senior Research Fellow. His recent work (2001-2010) has been on developing 
Computational Fluid Dynamics (CFD) simulations of mineral processing equipment using Fluent. The CFD 
studies include simulations of gravity sluices, flotation cells and most recently cyclone separators.  
The CFD simulations of cyclone separators have been of dense medium and classifying cyclones and 
have been multiphase simulations on 3-D grids and have used Reynolds Stress turbulence closures and 
Large Eddy Simulations. The simulations are being used to predict medium segregation in dense medium 
cyclones and partition curves in classifying cyclones. 
 
More recently Dr Brennan has been working multicomponent modelling for the AMIRA P9 project. 
During Semester 1, 2002, 2003 and 2004 Dr Brennan assisted in lecturing the CFD elective for the 
Department of Mechanical Engineering. 
 
Dr Brennan is currently supervising two PhD Students at the JKMRC. One student is working the 
development of improved empirical models for hydrocyclones using CFD and the other student is 
applying CFD to modelling flotation. 
 
Janine Lay, BSc PhD 
 
Janine completed her PhD in Surface and Colloid Science at the University of Melbourne in 1987 on the 
electrical charging of mineral particles in response to variation in solution chemistry.  Since then she has 
undertaken and managed research in the mining industry (Comalco and Rio Tinto) and universities 
(University of Queensland, RMIT University and Central Queensland University). Her research 
experience includes Kaolin mining and processing, Bauxite mining and processing, Alumina refining and 
Aluminium smelting.  
 
She managed Staff Development for Minenco (Rio Tinto’s Project Management Company), the Graduate 
Recruitment and Development Program and staff career progression planning. She managed and co-
delivered project management and leadership training at Rio Tinto operational sites in Australia and 
Indonesia. At RMIT, she reported to the DVC (R&D) and managed the Research Office and the Research 
Partnerships Office.  These roles included Research Policy development, Researcher development and 
setting up RMIT University’s first postgraduate research program at its Campuses in Ho Chi Minh City 
and Hanoi in Vietnam. 
 
Janine’s career has involved extended periods at mineral processing sites in Australia, Indonesia, Canada 
and Italy, in remote and regional locations. She has extensive experience in managing multi-participant 
research projects between industry, universities, CRCs, CSIRO and AMIRA. Her formal training as a 
Facilitator and Coach complements her project management expertise.   
 
At the Julius Kruttschnitt Minerals Research Centre, within the University of Queensland, she is distilling 
the research outcomes from the previous four years of the AMIRA P9O Mineral Processing Project into 
effective formats for transferring the key knowledge created to sponsors.  She is also participating in the 
design and development of the next project phase. 
 
Saeed Farrokhpay, BEng MSc PhD 
 
Saeed is a Senior Research Fellow at JKMRC. He received his BEng and MSc in Chemical Engineering from 
Polytechnique University of Tehran (1993) and his PhD in Mineral and Material Engineering from 
University of South Australia (2005). His research expertise includes froth stability, flotation chemistry, 
adsorption of polymers onto mineral surfaces, rheology, and dispersion. He has worked previously in 
sulphide mineral flotation in AMIRA P260 project at Ian Wark Research Institute including coarse particle 
recovery and rheology effects in flotation. He has also managed several industrial projects and case 
studies in mineral flotation and froth stability at Ian Wark Research Institute. 
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Weiguo Xie, BSc MSc PhD CEng MIChemE FHEA  
 
Weiguo received his BSc and MSc in Chemical Engineering at Tsinghua University in China. He was 
awarded PhD in Chemical Engineering in 2002 at the UMIST, Manchester, UK. His PhD research was on 
measurement and prediction of coalescence in flowing foams. He conducted his first postdoctoral 
research work at City University of London, UK from 2003-2005 where he developed and applied optical 
fibre sensors for chemical sensing in structures. He had one year industrial working experience as Senior 
Software Engineer on CFD (computational fluid dynamics) at 2006. He returned to University of 
Manchester at the end of 2006 to conduct his second postdoctoral research work on optimisation and 
control for large scale process systems. He successfully developed piece wise linear MPC (model 
predictive control) strategies for nonlinear dynamic systems. 
 
Weiguo joined the JKMRC in 2011 as a Senior Research Fellow working on Mathematical Modelling for 
P9 project.   
 
Weiguo achieved the status of Fellow of the Higher Education Academy, UK in May 2010. He was 
elected a Chartered Chemical Engineer at Engineering Council, UK in May 2011.  
 
 
Kym Runge, BSc PhD 
 
Dr Kym Runge is a mineral processing engineer who specialises in flotation circuit analysis using 
modelling and simulation techniques.  Her expertise in flotation was developed during a 10 year period 
at the Julius Kruttschnitt Mineral Research Centre.  During this time, she initially studied for a PhD in 
flotation modelling and later worked full time as a researcher and consultant.  She also had a significant 
role in the development of JKSimFloat, a flotation simulation program. She then joined the Process 
Technology and Innovation division of Metso Minerals where she has worked for over seven years as a 
flotation specialist performing both consulting and research work.  She continues to undertake this role 
at Metso but has recently joined the JKMRC, in a part time capacity, to assist with technical aspects of 
the P9 flotation research program. 
 
Francois Vos, BEng BEngHons MEng 
 
Over 7.5 years’ experience in the mining industry in roles from research and development to operational 
support, process engineering and management of a metallurgical laboratory. Major commodities to 
date include iron ore, Cu/Mo and platinum (with associated base metals). Currently, Francois is 
responsible for all testwork activities within JKTech's Laboratory Services business unit. This involves 
client interactions, overall testwork management and reporting, expansion of current testwork 
capabilities and overview of financial aspects of the business unit (revenue vs. expenses) and identifying 
and implementing improvements. 
 
In his previous role as Process Engineer at AMEC Minproc, major involvements have been process 
studies, process testwork management and flowsheet development. This involved comminution and 
flotation testwork management, comminution trade-off studies, process plant layout options studies, 
by-product magnetite recovery from Cu/Mo flotation tails and the overall management of a large scale 
pilot testwork program to confirm comminution (AG/SAG and ball mill) efficiencies and to finalise 
magnetic separation flowsheets. He was also involved in an independent review of flotation and 
comminution tests for a Pt-Pd project in Canada. 
 
Before joining AMEC Minproc (then GRD Minproc) in 2008 Francois was a key member of Impala 
Platinum’s Metallurgical Technical team in South Africa since 2004. In this technical role he was 
responsible for several concentrator circuit surveys and various pilot and bench-scale programs aimed at 
optimising the metallurgy of PGE and base metal recoveries.  He was also involved in various P9 
research programs on company sites during which he became familiar with the P9 flotation modelling 
and simulation methodology as is currently being applied through JKSimFloat.  He also completed a 
Masters Degree in Metallurgical Engineering. 
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University of Cape Town (UCT) 
 
Centre for Minerals Research, University of Cape Town (UCT) 
 
The Centre for Minerals Research (CMR) at the University of Cape Town is a multi-disciplinary, inter-
departmental research unit based in the Departments of Chemical, Mechanical and Electrical 
Engineering, and Physics. Currently the Centre has a complement of 15 senior staff, 15 support staff and 
30 postgraduate students. The primary objectives of the Centre are to investigate the research areas of 
comminution and flotation at both an industrial (applied) and laboratory (fundamental) level so as to 
develop predictive models for describing the performance of industrial comminution and flotation units 
and circuits.  In addition, the Centre sees as a high priority the provision of high level human resources 
to the South African mining industry through rigorous postgraduate training.   
 
The Centre has access to state-of-the-art laboratory and analytical facilities that can support 
postgraduate research activities ranging from fundamental to development and application studies. In 
addition to the highly successful research collaboration with the JKMRC through P9 and other AMIRA 
projects, the Centre has strong links with other research institutions in Australia, as well as in Brazil, 
Canada, Chile, Germany, Sweden, the United Kingdom and Zambia.  The Centre enjoys very strong 
support from mining and associated companies in South Africa, and to a growing extent, world-wide. For 
more information, please visit http://www.cmr.uct.ac.za and http://www.chemeng.uct.ac.za. 
 
Cyril O’Connor, DEng PhD 
 
Cyril O'Connor holds a PhD from the University of Cape Town and a DEng in Metallurgical Engineering 
from Stellenbosch University. He is presently the Director of the Centre for Minerals Research at UCT 
and his main area of research is flotation. He was the founder Director of the Centre for Catalysis 
Research which is also located in the Department of Chemical Engineering at the University of Cape 
Town.  He is presently Chairman of the International Mineral Processing Council, holds the 
AngloPlatinum Chair in Minerals Processing, and is a former Vice-President of the International Zeolite 
Association and has served from time to time on other international scientific committees and review 
panels. He was Chairman of the Organizing Committee for the XXII International Mineral Processing 
Congress (2003) and also the 14

th
 International Zeolite Conference (2004). He has published over 200 

papers in international journals and international refereed conferences, has supervised or co-supervised 
to date approx. 60 PhD and MSc graduates and is an NRF A rated researcher. Prior to his retirement at 
the end of 2009 he was Head of the Department of Chemical Engineering (8 years), Dean of the Faculty 
of Engineering & the Built Environment (10 years) and served as an Acting Deputy Vice-Chancellor in 
2008/9. He is a Hon. Fellow and Fellow of the South African Institute of Mining and Metallurgy, a Fellow 
of, respectively,  the Royal Society of South Africa, the University of Cape Town, the South African 
Academy of Engineering, the South African Institution of Chemical Engineering,  IUPAC and is a founder 
member of the Academy of Science of South Africa.  
 
J-P Franzidis, BSc MSc PhD  
 
J-P has been involved in flotation research for over 25 years. He obtained his BSc ChemEng and MSc Eng 
from the University of Cape Town (UCT) before joining Anglo American Corporation in 1975 where he 
worked in the gold, uranium, diamonds and coal divisions.  He returned to university to obtain his PhD in 
1983.  From 1983 to 1996 he lectured in the Chemical Engineering Department at UCT, and was Head of 
Department in 1995 and 1996.  During that time, he led a research programme funded by the National 
Energy Council investigating the poor flotation characteristics of South African coals.  In 1996 he joined 
the JKMRC.  He led the P9 project (P9L and P9M) between 1996 and 2003, while continuing flotation 
research in collaboration with Professor Emmy Manlapig.  He was Chief Investigator of two Australian 
Research Council (ARC) Linkage Projects in flotation, and Project Leader of the AMIRA project that 
developed JKSimFloat (P868).  In 2007, J-P returned to UCT to direct the “Minerals to Metals” initiative.  
In 2008, he was awarded the South African National Research Foundation (NRF) chair in Minerals 
Beneficiation.  His research interests have widened, but he still has a keen interest in flotation, 
particularly flotation froths.  
 

http://www.cmr.uct.ac.za/


Project Proposal P9P 
The Optimisation of Mineral Processes by Modelling and Simulation 

October 2011  43 

Martin Harris, BSc MSc 
 
Martin Harris graduated with a BSc Chemical Engineering degree from the University of Cape Town in 
1983, and an MSc in Chemical Engineering from the same institution in 1987. Since 1986 he has been 
employed as a researcher in the Department of Chemical Engineering, UCT, in the Centre for Minerals 
Research (formerly the Mineral Processing Research Unit).  He has been a member of the academic staff 
in this Department since 1998, as Honorary Senior Lecturer and Chief Research Officer.  From 1986-
1990, he carried out research on fine coal beneficiation, and provided consulting and design services to 
the South African minerals industry on the use of novel flotation technologies. Between 1990 and 1997, 
he managed the UCT-Gencor flotation research group investigating and evaluating novel flotation 
technology.  Since 1996, when the MPRU was sub-contracted by the JKMRC to collaborate in the AMIRA 
P9L Research Project, he has participated in the planning and execution of flotation research conducted 
within the P9 Project. In addition, he has played an active role in furthering the development of the 
flotation computer simulation package, JKSimFloat.  His main research interests are with respect to the 
analysis, modelling and simulation of industrial flotation circuits, and the application of bench and pilot-
scale testing to flotation circuit design and optimisation. 
 
David Deglon, BSc PhD 
 
Professor David Deglon graduated with a BSc ChemEng (Wits) in 1989. He worked for some years within 
the Rand Mines group as a metallurgist on coal, gold and platinum operations. He left Rand Mines in 
1992 and joined UCT as a part-time research officer in the Department of Chemical Engineering. The 
following year he was appointed as a technical officer of the Western Cape Mineral Processing Facility, a 
collaborative educational venture with the University of Stellenbosch and the Cape Technikon. In 1998 
he was appointed as a senior lecturer within the Department of Chemical Engineering and was 
promoted to associate professor in 2006 and professor in 2010. He was awarded a PhD degree in 1998 
and an MBA in 2002. He is deputy director of the Centre for Minerals Research, a large multi-disciplinary 
research unit based in the Departments of Chemical, Mechanical and Electrical Engineering. His research 
areas include computational fluid dynamics, flotation and metallurgical accounting. 
 
Aubrey Mainza, BSc PhD 
 
Aubrey Mainza graduated top of class with a BSc Eng - Mineral processing from the University of Zambia 
in 1998. Aubrey joined UCT as a Masters student in 1999, and commenced a research project under 
P9M on the novel three-product cyclone. This has been site based with Aubrey designing and operating 
a special test rig. The excellent output from this led to a conversion to a PhD degree which was 
completed in 2006. Since June 2002 he has been employed as a Research Officer and as a consulting 
engineer in MPTech the Technology Transfer branch of the CMR. Aubrey led the site campaign work and 
developed a good industry reputation for producing very high quality data. Aubrey took over as Head of 
Comminution Research at the Centre for Minerals Research January 2007 when Professor Malcolm 
Powell moved from the University of Cape Town to JKMRC. Aubrey has performed many sampling 
campaigns, covering crushing, SAG milling, ball milling, and associated classification equipment to collect 
data for modelling studies. Areas of expertise cover the surveying of comminution circuits for modelling; 
stabilised circuit operation; sample processing procedures; modelling and simulation with the JKSimMet 
simulator; developing mathematical models for comminution and classification equipment. He also has 
interest in using data from the Positron Emission Particle Tracking (PEPT) system and computational 
techniques such as DEM, CFD, and SPH to develop models for comminution and classification devices. 
Apart from being active in comminution research Aubrey is also involved in teaching undergraduate and 
postgraduate courses in the department of Chemical Engineering at the University of Cape Town.  
 
Jenni Sweet, BSc MSc 
 
Jenni Sweet graduated as a Chemical Engineer from the University of Cape Town in 1996 and obtained 
an MSc from the same institution in 1999. Her site-based research focused on ways to decouple the 
physical and chemical effects of a reagent change on the flotation performance of a platinum ore, using 
the AMIRA P9 modelling methodology.  She joined Impala Platinum Ltd in 1999 where she gained 
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operations experience as a plant metallurgist and production superintendent on several platinum 
concentrator plants. She was also involved in the provision of technical support to the operations. 
 
Jenni returned to the University of Cape Town in 2003 to join the then Minerals Processing Research 
Unit. Her portfolio currently includes work with both the Comminution and Flotation research groups of 
the Centre for Minerals Research. Another substantial aspect of her job is to assist in the development, 
coordination and delivery of continued professional development technical courses for graduate 
metallurgists in industry. Jenni is the Manager of MPTech, the technology transfer division of the CMR. 
 
 

McGill University (Canada) 
 
The mineral processing group shares a history to 1871 with the establishment of the first mining 
engineering degree in Canada. The group currently comprises some 20 members (2 PIs, 5 professionals, 
2 technicians and 11 students (5 PhD, 6 M. Eng.)). Funding derives from a variety of sponsoring 
companies with matching funds under the NSERC (Natural Sciences and Engineering Research Council of 
Canada) Collaborative Research and Development program.  
 
The research areas are flotation, sensors, environment, comminution and wear. Important new topics 
are integration of flotation cell hydrodynamics and frother chemistry and mitigation of sulphide self-
heating. The group recently (2007) was awarded the Falconbridge Innovation award from the 
Metallurgical Society of CIM for the development and application of a suite of gas dispersion sensors 
now widely used commercially.  
 
James. A. Finch, BSc MSc PhD 
 
Graduated from Birmingham University (Minerals Engineering), BSc in 1969, and from McGill University 
(Metallurgical Eng.), MSc, 1971 and PhD, 1973. He has been on staff in the Department of Mining and 
Metallurgical Engineering (now Mining and Materials Engineering), McGill University since 1973, 
becoming a full professor in 1985 and serving as Chair from 1988 to 1991. Since 1991 he has held 
successively the NSERC-INCO Chair (1991-1996) and Industry Chair in Mineral Processing (1996 -), 
renewed for the third time in 2007 with 9 industrial sponsors. He was appointed Gerald G. Hatch Chair 
of Mining and Metallurgical Engineering in 2005. He has authored over 250 journal articles and one 
book, Column Flotation, with Glenn Dobby and supervised over 80 post-graduate students. Since 1974 
he has led a series of Mineral Processing Systems Professional Development seminars, the most recent 
in May 2011 with over 60 registrants. He was CIM Distinguished Lecturer in1994/5 and has received the 
Gaudin Award of SME (1997), the Alcan Award (1996), the Silver Medal (2005) and (with Dr Gomez and 
the mineral processing group) the Falconbridge Innovation Award of Met Soc/CIM (2007), and twice the 
Best Presentation award of CMP/CIM (1995, 1999). In 2008, as team leader, he received the Leo Derikx 
Synergy Award for Innovation from NSERC (Natural Sciences and Engineering Research Council of 
Canada). A conference in his honour was held at the 48

th
 Conference of Metallurgist, Sudbury, 2009. He 

was elected to the Academy of Science of the Royal Society of Canada in 2002. 
 
Cesar O. Gomez, Diploma MSc PhD 
 
Cesar Gomez graduated from Universidad Técnica del Estado, Santiago, Chile, with a diploma in 
chemical engineering in 1968.  For twelve years he was on staff in the Chemical Engineering 
Department, Universidad Técnica del Estado, Punta Arenas, Chile, teaching courses on mass transfer, 
transport phenomena and reactor design, and leading a research group working on the characterization 
of Chilean coals.  He completed his university education in the U.S.A., obtaining MSc (1982) and PhD 
(1985) degrees in Fuel Science from The Pennsylvania State University.  He immigrated to Canada in 
1985 after being awarded a Post-doctoral Fellowship to work at the Department of Mining and 
Metallurgical Engineering, McGill University on the analysis of mineral particles using electron 
microscopy.  In 1989, Dr. Gomez joined the Research and Development Department of QIT-Fer et Titane 
as a research engineer and worked on the development of chlorination and acid leaching processes to 
clean titania slag.  In 1992, he returned to the Mineral Processing Group at McGill as a research 
associate under the INCO-NSERC Chair in Mineral Processing to manage and coordinate research 
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projects on minerals flotation with other universities and industry.  He is currently manager of McGill 
projects with AMIRA’s P9 and NSERC.   His research interests are in the characterization of the 
hydrodynamics of flotation systems, and the development of sensors to characterize mineral dispersions 
and to diagnose the operation of mineral processing equipment. He has co-edited proceedings for the 
international symposium “Column’96”, the Mineral Processing volumes of the international conferences 
“Copper 2003” and “Copper 2007”, the V International Mineral Processing Seminar Procemin 2008, and 
the 7

th
 UBC-McGill-UA International Symposium on Fundamentals of Mineral Processing "Advances in 

Mineral Processing Science and Technology".  He is the author of about 75 research papers on various 
subjects. 
 
 

University of Newcastle (Australia) 
 
The Centre for Multiphase Processes was established by the Australian Research Council, as a major 
centre for research and research training in the science and technology of fine particles and bubbles.  
Multiphase processes, which are those involving more than one of the phases of matter - gas, liquid or 
solid, form the basis for all process industries such as food, energy, agricultural, production and 
processing. 
 
Whilst diverse in the nature of materials they process and their end products, the processing of large 
volumes of water containing fine particles in suspension, often in the presence of air bubbles or slurries, 
pastes and emulsions, is the essential basis of production for these industries. An example is the 
manufacture of food products such as ice cream - a mixture of air bubbles trapped in water containing 
tiny fat globules and ice crystals. The processing of such liquids or pastes can present unusual problems, 
especially when taking place on a large scale. 
 
The Centre is located at the University of Newcastle. The researchers are involved in a multi-disciplinary 
field of strategic importance to the Australian economy, and combined, they form a storehouse of 
knowledge and expertise in multiphase processing that is available to industry and the community at 
large. 
 
Members of the Centre for Multiphase Processes are heavily involved in collaboration with industry, 
using their multi-disciplinary expertise to tackle research programs of national and international 
importance and helping to solve industrial problems with the use of the latest instrumentation and 
techniques. 
 
Laureate Professor Graeme Jameson, PhD FAA FTSE FREng FAusIMM 
 
Graeme Jameson is Laureate Professor of the University of Newcastle, Australia, and Director of the 
Centre for Multiphase Processes. 
 
He received his BSc ChemEng from the University of New South Wales in 1960. While studying for his 
degree (1953-1960) he worked for O. T. Lempriere, tin smelters, Sydney; Commonwealth Ceramics, 
Sydney; and the Australian Gas Light Company, Sydney. On graduating he went to Cambridge University 
in the UK, completing his PhD in Chemical Engineering in 1963. He then worked for Standard Oil of 
California at Richmond, California for two years before joining Imperial College London where he rose to 
the position of Reader in Chemical Engineering. In 1978, he returned to Australia as Professor of 
Chemical Engineering at the University of Newcastle. 
 
Graeme’s research interests are in physical aspects of flotation, including cell hydrodynamics and foam 
drainage, and special problems relating to the flotation of ultrafine and coarse particles. He is the 
inventor of the Jameson Cell, which is in widespread use for the processing of minerals and fine coal. 
There are now 300 Cells in operation world-wide, including 96 in the Australian coal industry. More 
recent inventions include the Concorde Cell for high-rate recovery of ultrafines, and the fluidized bed 
flotation cell for coarse particle flotation. 
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Seher Ata BSc PhD 
 
Dr Seher Ata is a research academic in the Centre for Multiphase Processes at the University of 
Newcastle. She has a BSc from Hacettepe University (Turkey) and a PhD from the University of 
Newcastle. Her research expertise is primarily in the areas of flotation with emphasis on the froth phase. 
Her research focuses on the recovery of coarse particles in the froth phase that are too large to be 
recovered by conventional flotation cells, developing measurement techniques to define the selectivity 
in the froth phase and extending the upper limit size of the particles in flotation using bubble clusters. 
 
 

Hacettepe University (Turkey) 
 
Hacettepe University Department of Mining Engineering has a distinguished place among the mining 
engineering departments in Turkey. The course have been designed to train mining engineers who have 
thorough knowledge of basic engineering, prospecting, exploration and processing, together with a 
good command of English and computer skills. There are two divisions in the department, namely, 
Mining and Mineral Processing.  
 
Hakan Benzer, BSc MSc PhD Prof 
 
Hakan Benzer is working as Professor at Hacettepe University Mineral Processing Division. Hakan Benzer 
graduated from Hacettepe University in 1992. He studied on Mathematical modeling of rod mills and 
gained his MSc in 1996. In 2000 he undertook a PhD and was involved in mathematical modelling of 
clinker grinding process. He gained Master of  Science and PhD degrees from the Hacettepe University. 
He has been involved in various industrial projects since 1993. Hakan has experience in wet and dry 
grinding applications by conducting over 60 industrial projects for cement, copper, gold, coal, quartz and 
industrial minerals industries. Hakan worked as a visiting academic at University of Queensland Jullius 
Kruttchnitt Minerals Research Center between 3/2001-8/2001 for 6 months. He has got more than 90 
publications in several journals, conference proceedings and plenty of presentations given at different 
workshops and symposiums.  
 
Zafir Ekmekçi, PhD Prof 
 
Prof. Zafir Ekmekçi is currently working as a lecturer in the Department of Mining Engineering, Division 
of Mineral Processing, Hacettepe University, Ankara, Turkey. He received his MSc and PhD from 
Hacettepe University, Turkey and his Bachelor of Engineering from Middle East Technical University, 
Mining Engineering Department in 1988.  
 
He is involved in various scientific and consulting projects on flotation of sulphide ores, chemistry of 
flotation reagents, the use of machine vision in control and optimization of flotation circuits and 
performance evaluation of flotation plants. He is the author of 25 referred journal articles, plus 
conference papers and industry reports. 
 
He has joined the research group as a post doc in the University of Cape Town, Mineral Processing 
Research Unit between 200 and 2001 for one year. He has also invited to give short courses on 
electrochemistry of sulphide minerals in University of Cape Town and JKMRC.  
 
Ozlem Bicak BSc PhD 
 
Dr.Ozlem Bicak is currently working as a senior researcher in the Department of Mining Engineering, 
Division of Mineral Processing, Hacettepe University, Ankara, Turkey. She received her PhD, MSc and 
Bachelor of Engineering from Hacettepe University, Mining Engineering Department in 2011, 2006 and 
2003, respectively.  
 
She has been involved in various research projects mainly on concentration of sulphide ores with 
flotation. She is specialized on surface chemistry of sulphide minerals, chemistry of flotation reagents, 
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and performance evaluation of flotation plants. She is the author of 2 referred journal articles, plus 
conference papers and industry reports. 
 
Namık Aydogan BSc MSc PhD 
 
Namik Aydogan is working as a research assistant at Hacettepe University Minerals Processing Division. 
He graduated from Hacettepe University Turkey in 1999 with a Bachelor of Mining Engineering degree. 
He also gained Master of Science and PhD degrees from the same university. He joined the comminution 
group in 1999. Since then he studied on Mathematical modeling of high pressure grinding rolls (HPGR) 
and gained his MSc in 2002. In 2006 he undertook a PhD and was involved in evaluation of HPGR 
performance in cement industry. Namik worked as research engineer at Cement Australia Pty Limited 
between 2004 - 2005 for 6 months. During this period, he evaluated the performance of cement 
grinding circuits and in the end he carried out simulation studies for optimising the circuits. During ten 
years period Namik gained experience in wet and dry grinding applications by conducting over 10 
industrial projects for gold, copper, coal, cement industries.  
 
Hakan Dundar BSc MSc 
 
Hakan Dundar is working as a research assistant at Hacettepe University Minerals Processing Division. 
He graduated in 2003 as a Mining Engineer from Hacettepe University Turkey. He gained Master of 
Science from the same university. Hakan joined the comminution group in 2003. In this period he 
examined the grinding performances of steel slags and undertook MSc in 2006.  Following 2006, he has 
been investigating the performance of HPGR in the mineral industry. Hakan was involved in so many 
industrial projects that he gained experience in wet and dry grinding applications starting from sampling 
and mass balancing studies down to modelling and simulation studies. Hakan joined Metso Minerals 
Process Technology (Asia-Pacific) in Australia for 6 months. During this period he worked on several 
projects, crushers basically. He presented several papers in international conferences. 
 
Okay Altun BSc MSc 
 
Okay Altun joined the comminution group at Minerals Processing Division in 2004. He graduated from 
Hacettepe University as a Mining Engineer in 2004. He was awarded by “Ihsan Dogramacı Superior 
Achievement” prize as graduated in the 1st degree. Since then he is working for Hacettepe University 
Minerals Processing Division as a research assistant. Okay Altun gained MSc degree in 2007.  In his 
study, his interest is on mathematical modelling of the Classification and dry fine grinding technology. 
Okay Altun was involved in many industrial projects for coal, cement, copper industries with 
comminution group. He is experienced sampling wet and dry grinding circuits, mass balancing, 
modelling and simulation studies. He presented several papers in international conferences. 
 
 

Universidade Federal do Rio de Janeiro (Brazil) 
 
The Mineral Processing Laboratory is actively involved in research, training and technical services in the 
field of physical mineral processing. In the field of comminution, research covers breakage fundamentals 
and computational modelling of comminution processes, from degradation during handling and 
crushing to fine particle production and mechanical alloying. The group´s strong background in these 
areas has enabled the improved understanding of comminution, developing tools that successfully link 
material behaviour to mill simulation, using powerful techniques such as DEM. The laboratory has also 
been involved in modelling physical concentration processes, in particular gravity concentration, which 
is widely used in iron, tin and coal processing in Brazil. 
 
The laboratory has over 10 years of tradition of partnership with both the minerals and the cement 
industry, having conducted research and technical services for over 25 companies in the field. It is in 
tune with the need for the minerals industry to face the challenges associated to its rapid expansion in 
the continent.  
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Universidade Federal do Rio de Janeiro is the second largest university in Brazil. It houses the most 
renowned Graduate School of Engineering in South America. 
 
Associate Professor Luis Marcelo Tavares, BMinEng MEngSc PhD 
 
Marcelo Tavares is Chairman of the Department of Metallurgical and Materials Engineering and head of 
the Laboratory of Mineral Processing at the Universidade Federal do Rio de Janeiro (UFRJ), Brazil. 
 
Marcelo received his BMinEng with first class honours at the Universidade Federal do Rio Grande do Sul 
in Brazil in 1988. He was awarded MScEng in 1991 at the same university and then a PhD in 1997 at the 
Comminution Centre at the University of Utah, under the supervision of Professor R.P. King.  After a year 
of postdoctoral research work at the Universidade Federal do Rio Grande do Sul, he became a faculty 
member of UFRJ, where he is actively involved in both teaching and research.  
 
Since 1998 Marcelo has been responsible for teaching mineral processing in undergraduate courses and 
mathematical modelling of mineral processing systems and design of experiments in graduate level. He 
also has been leading a research group in the Laboratory of Mineral Processing, being involved in 
comminution fundamentals, modelling and simulation of comminution, classification and gravity 
concentration, and ultrafine grinding. Marcelo has successfully concluded over 50 research projects and 
consulting services with the minerals and cement industry, supervised 12 MScEng and 5 PhD, published 
over 50 papers in peer-reviewed journals and a book on gravity concentration.  
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APPENDIX E 
 

SPONSORS’ RIGHTS AND OBLIGATIONS IN RESPECT OF INTELLECTUAL PROPERTY 
DEVELOPED IN RESEARCH PROJECTS 

 
Companies which sponsor AMIRA research projects, and members of AMIRA generally, need to be 
aware of their rights and obligations in respect of intellectual property generated under agreements 
between AMIRA and a research provider (the “Researcher”). These are available (to Sponsors) upon 
request at any time. The rights of a Sponsor, who is a Supplier Member or is not a member of AMIRA, 
are specified in the Project Proposal. 
 
Following is a précis of the relevant provisions of the standard form Collaborative Research and Licence 
Agreement (the “Agreement”) used by AMIRA in contracting with Researchers on Sponsors’ behalf. The 
standard form has been reviewed and approved by AMIRA’s Board. The terms of the final agreed Project 
Proposal become Schedule 1 to the Agreement but where any conflict arises between Schedule 1 and 
the Agreement, the Agreement will take priority. This précis provides only a summary of Sponsors’ rights 
and obligations in respect of intellectual property, and each Sponsor should refer to the Agreement for 
the details of those rights and obligations.  Terms used herein that are defined in the Agreement have 
the meanings as ascribed to them in the Agreement. 
 
Where AMIRA’s generic agreements are used the following provisions will apply: If any variation is 
necessary for a particular project, the variation will be described in the Project Proposal and the final 
Agreement will be changed to reflect such variation. 

1. Each Sponsor has a non-exclusive, royalty free right to use in its Own Operations as defined in the 
Agreement, including in the case of a Sponsor which is a Group Member the operations of the 
members of the group, both the Research Project Technology generated in a Research Project 
and so much of the Researcher Background Technology made available by the Researcher as is 
reasonably necessary to enable the Sponsor to so utilise the Research Project Technology. 

2. Each Sponsor has the further right to sublicense that Research Project Technology and 
Researcher Background Technology to third parties solely for the purpose of the Sponsor utilising 
the Research Project Technology in its Own Operations and not for any other use by the third 
party. The Sponsor bears all risk arising from exercise of its rights in relation to Research Project 
Technology and Researcher Background Technology. 

3. Sponsors which are Individual Members have the right to disclose Research Project Technology to 
Related Bodies Corporate for evaluation only (with no rights of use) on terms of strict 
confidentiality and with the prior written consent of AMIRA and the Researcher. Related Bodies 
Corporate wishing to obtain rights of use to such Research Project Technology must negotiate a 
separate licence agreement with the Researcher. 

4. For a period of eighteen months after completion of a Research Project or such other period as 
agreed by AMIRA and the Researcher, Sponsors have the right to request, and to participate in, 
any further research, development or commercialisation of the Research Project Technology on 
terms to be agreed. 

5. The proceeds of any licensing of Research Project Technology by the Researcher inside the Field 
subject to any agreement to the contrary as set out in Schedule 1, may be available to share with 
Sponsors proportionately to their respective contributions. 

6. Other than as set out above, Sponsors are bound by a strict duty of confidentiality which survives 
the completion of the Research Project for a period of ten years unless specified otherwise in 
Schedule 1 and are required to ensure that their employees and others to whom they are 
entitled to disclose Research Project Technology accept a similar duty of confidentiality. 

These provisions are designed to protect the interests of both Researchers and Sponsors in the 
technology.  Apart from any other consideration, the availability to sponsors of concessional 
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deductions under S.73B of the Australian Income Tax Act depends upon access to the technology 
being restricted in this way. 
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APPENDIX F 
TERMS AND CONDITIONS 

AMIRA & SPONSOR RELATIONSHIP WITH RESPECT TO RESEARCH PROJECTS 
 

1. AMIRA acts as agent for the Sponsors and will enter into a Collaborative Research and Licence 
Agreement (the “Agreement”) on their behalf with the research provider(s) (the “Researchers”). 
The Agreement provides for the carrying out of the Research Project described in the Project 
Proposal to which these terms are attached.  The Agreement will be in a form approved by 
AMIRA’s Board, with material changes, if any, as set out in Schedule 1 to the Agreement (which is 
circulated with these terms). Terms used in this document that are defined in the Agreement will 
have the meaning given to them in the Agreement. 

2. A Sponsor is expected to be a member of AMIRA for the duration of the Research Project. 
3. GST is an important issue. Your response to the following questions will establish whether or not 

the Sponsoring Entity is required to pay the 10% Australian Goods & Services Tax (GST) and will 
guide you in the completion of Question 4 in the Confirmation of Sponsorship Form. 

a Is the Sponsoring Entity or any related entity an Australian resident company that 
ordinarily carries out business in Australia? 

b Is the Sponsoring Entity’s central management and control located in Australia? 

c Is the Sponsoring Entity controlled by shareholders who are residents of Australia? 
Please note: If the answer to all the above questions is NO then AMIRA expects no GST is 
required to be paid, i.e. delete options b and c in Question 4 of the Confirmation of Sponsorship 
Form. If however, the answer to any one of the three questions is YES, then GST is applicable, 
unless the Sponsoring Entity has a GST-free status in Australia. However, AMIRA is not in a 
position to provide expert advice to your company so if you are unsure, please consult your 
company’s tax specialists. 

4. Where any membership subscription, sponsorship or other due payment of a Sponsor is unpaid 
for more than four (4) months, AMIRA will:- 

a in the case of unpaid membership, suspend access to all Research Project and other 
AMIRA information and activities until payments are up to date, or 

b in the case of unpaid sponsorship or other due project-related payment, suspend access 
to project information for the Research Project in question until payments are up to date. 

5. Early withdrawal from the Research Project requires the immediate payment of all unpaid money 
so that AMIRA meet can meet its contractual obligations. 

6. Sale, takeover or closure of the Sponsor does not constitute any grounds for failure to pay the 
total financial liability. 

7. AMIRA will hold moneys received from each Sponsor on trust for that Sponsor for disbursement 
in accordance with the Agreement.  Pending such disbursement AMIRA may mix such moneys 
with its own moneys and with the moneys of others and may invest and earn interest on such 
moneys in any form of investment approved by the Board of AMIRA.  Any interest accruing from 
such investments will belong to AMIRA for its use. 

8. Proportionately with all other Sponsors determined by the individual total sponsorship 
contribution as a percentage of all the Sponsors contributions, each Sponsor will indemnify and 
keep indemnified AMIRA from and against any and all losses, claims, expenses, costs, actions, 
proceedings and liabilities sustained, suffered or incurred by AMIRA arising out of the Agreement 
and anything done or omitted by AMIRA as their agent, acting within the scope of its authority. 

9. Both during and on completion of the Research Project, the rights of Sponsors to, and their 
obligations in relation to, the Intellectual Property Rights and Confidential Information provided 
by other Sponsors or the Researcher or developed by the Researcher in the performance of the 
Research Project will be as set out in the Agreement. 

10. Under the terms of the Agreement, AMIRA is authorised to make available to its members copies 
of the Research Project Deliverables after the expiration of any confidentiality period agreed to 
by the Parties and with the consent of the Researcher, on terms which preclude the recipients of 
the Research Project Deliverables from making them or any part of them known to others and 
which acknowledge that the Intellectual Property Rights in the Research Project Deliverables are 
vested in the Researcher and can only be availed of pursuant to a licence from the Researcher. 
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