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Sunday, August 18 
Official Opening & Plenaries 
ROOM: Ballroom AB 
3:00 PM  
 
3:30 PM - Presentation 616557 
Title Pending 
Dale Andres, Teck Resources Limited 
 
4:00 PM - Presentation 599003 
Copper Market Drivers for the Short & Long Term 
Stephen Higgins, Freeport - McMoRan 
 
ABSTRACT The copper market is influenced by many factors, but it is mainly driven by the 
“fundamentals”, supply and demand. Supply has changed over time due to the economies of 
scale needed to produce copper from an ore body over the course of decades with declining 
grades. Historically demand has been closely correlated with growth in Industrial Production and 
electricity consumption. The superior attributes and cost effectiveness of copper will remain 
compelling over the short and long term. Mine development can take well over10 years from 
discovery to copper production. Hence, mine planning is a long-term investment with high 
capital costs. Over the short-term operating plans have to balance changing commodity prices 
that are highly volatile at times with managing steady production. Additionally, supply is 
increasingly scrutinized through responsible sourcing initiatives driven by end consumers, 
NGO’s and government regulators. Many of the drivers for demand such as construction, power 
utilities, and automobiles will remain drivers over the long term. Future applications such as 
electric vehicles, renewable energy, and energy efficiency will result in increased demand due to 
a 3 to 5 times multiple of copper intensity in those products. Other factors that influence the 
market primarily in the short-term include macroeconomic policy, trade, dollar valuation, and 
global availability.  
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Monday, August 19 
 
Monday Teck Safety & Plenaries 
Ballroom AB 
8:30 AM - Presentation 596602 
The Kamoa-Kakula Project in the Democratic Republic of the Congo 
Steve Amos, Ivanhoe Mines SA (Pty) Ltd. 
 
ABSTRACT The Kamoa-Kakula Copper Project—a joint venture between Ivanhoe Mines, Zijin 
Mining Group Co., Ltd. and the Government of the Democratic Republic of Congo—has been 
independently ranked as the world's largest, undeveloped, high-grade copper discovery by 
international mining consultant Wood Mackenzie. It is a very large, near-surface stratiform 
copper deposit with adjacent prospective exploration areas within the Central African 
Copperbelt, approximately 25 km west of the town of Kolwezi and about 270 km west of the 
provincial capital of Lubumbashi in the Democratic Republic of Congo. A phased development 
approach is currently envisaged. The first phase of the project involves the development of a 6 
Mtpa underground mine and surface processing complex (dual stream concentrator) at the 
Kakula Deposit (a discovery announced in early 2016) as the project’s first phase of 
development. The second phase of the project involves an integrated 12 Mtpa two-stage 
development, beginning with initial production from the Kakula Mine, to be followed by a 
subsequent, separate underground mining operation at the nearby Kansoko Mine, along with the 
construction of a smelter. 
 
9:00 AM - Presentation 616559 
Closing the Loop - Green Copper at Aurubis 
Thomas Bünger 
 
ABSTRACT Aurubis is the world's leading copper recycler, processing over 700,000 t of 
recycling materials per year. More than every third copper cathode at Aurubis is already made 
completely of recycled material. With mega trends like urbanization, industrialization and the 
globally growing middle class driving recycling volumes, both the quantity and the complexity 
of secondary raw materials will increase significantly. How will we meet the demands and 
expectations from our business partners and the society, and what is needed towards "sustainable 
copper" and other materials in the future - technically, politically and in terms of sustainability? 
In his Plenary address, Dr. Thomas Bünger, COO at Aurubis, will introduce the company's 
strategy towards "green copper" and beyond.  
 
9:30 AM - Presentation 616556 
Copper Price Outlook 2019-2020— Global Growth, Currencies & Commodity Prices 
Patricia Mohr, Scotiabank (retired) 
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ABSTRACT The outlook for copper prices in the context of expected global economic 
conditions (especially in China and Asia/Pacific), the impact of U.S./China trade relations, new 
sources of demand such as in electric vehicles, currency developments and investment in new 
mine supply. Will there be a shortage of copper in the 2021-23 period linked to limited new mine 
development? 
 
Copper 2019: Electrowinning & Electrorefining 
Electrorefining Operations I - Chair: Georges Houlachi 
Meeting Room 12 
2:00 PM - Presentation 594940 
Global Survey of Copper Electrorefining: 2019 World Tankhouse Operating Data 
Michael S. Moats, Missouri University of Science and Technology 
Andreas Filzwieser, METTOP GmbH 
Shijie Wang, Rio Tinto 
William G. Davenport, University of Arizona 
Tim Robinson, Outotec 
Andreas Siegmund, LanMetCon 
 
ABSTRACT This survey continues the long tradition of providing a snapshot of operating data 
from industrial electrorefineries. It is a supplement to previous surveys that were performed in 
1987, 1991, 1995, 1999, 2001, 2003, 2007, 2010, 2013 and 2016. Analyses of current data and 
historical trends are presented. Examples of innovations to reduce costs, improve productivity, 
and improve quality are provided. In general, refineries continue to increase productivity while 
treating anodes with more impurities. 
 
2:50 PM - Presentation 590965 
'Permanent' Cathode Plate - Consumable or Fixed Asset? 
Addin Pranowo, Glencore Technology 
Nigel Aslin, Glencore Technology 
Graham Heferen, Glencore Technology 
Ola Eriksson, Glencore Technology 
 
ABSTRACT Glencore Technology (GT) has over four decades experience supplying stainless 
steel cathode plates (“cathode plates”) to the electro-refining and electro-winning industry. 
Cathode plates are typically the single biggest capital investment in a refinery. Refineries may 
view cathode plates as fixed asset or consumables depending on their operational characteristics. 
This paper examines the issue of cathode plate life and the strategies and philosophies used by 
different plants in the management of their cathode plate asset. Some plants operate with their 
original plates after more than 20 years. Others accept high turnover and regular maintenance as 
normal operating practice. Reference data are provided on plate life for various operating plants 
including benchmark plants achieving best-practice plate life and operating cost. The role of the 
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electrode handling equipment on cathode plate longevity is also examined, including latest 
developments in Cathode Stripping Machine, robotic copper stripping, and full-automation 
production cranes. The ability to identify and manage the population of plates in service is also 
critical for maximising plate life and minimising its overall operating cost. This paper discusses a 
novel and unique RFID system for tracking and managing cathode plate inventory  
 
 
3:15 PM - Presentation 591294 
Arsine Risk Management at Ccr’s Electrolyte Purification Plant 
Billy Serviere, Glencore Copper Canada - CCR Refinery 
Hans Persson, Glencore Copper Canada - CCR Refinery 
Arun Majumdar, Glencore Copper Canada - CCR Refinery 
 
ABSTRACT The CCR refinery, which was built in 1931, treats both internal and third party 
copper anodes to produce 325,000 mt of copper as cathodes. These anodes contain high levels of 
impurities, such as Ni, As, Sb and Bi, that reports to the electrolyte during the refining step and 
need to be removed in order to maintain cathode quality and operating efficiencies.  
 
In the purification plant, the electrolyte is decopperized via electrowinning in three stages. In the 
last stage, the copper content of the electrolyte is reduced to below 1 gpL in order to maximize 
the co-deposition of As, Sb and Bi with the Cu. This is accomplished with minimum arsine gas 
generation by using periodic reversal of the current and by controlling the final copper content of 
the electrolyte.  
 
Nevertheless, the possibility of exposure to arsine is treated as a major risk and controls have 
been implemented to reduce this risk. This paper describes the controls in place at the 
purification plant, which are being continuously improved through periodic risk assessments and 
audits. 
 
150 years of Copper ER I - Chair: Mike Moats 
Meeting Room 12 
4:05 PM - Presentation 605404 
Origins of Electro-refining: Birth of the Technology and the World's First Commercial 
Electrorefinery 
Albert Wraith, Private Consultant 
Phillip Mackey, P.J.Mackey Technology Inc. 
Jennifer Protheroe-Jones, National Waterfront Museum 
 
ABSTRACT The world’s first copper electrorefinery started production in 1869 at Burry Port in 
South Wales. Built within the Pembrey Copper Works which had commenced smelting 
operations in 1849, the new refinery was based on principles described in the British patents 
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issued to J.B. Elkington in 1865 and 1869. Refining principles and practices pioneered there 
were key to the foundation of modern electro-refining practice in what is now a dominant 
international industry producing over 16 Mt of electrical grade copper annually. This paper 
explores the background to this pioneering application of the new, early 19th century, science of 
“electro-metallurgy” and examines its links to the contemporary decorative electro-plating 
industry and to the shortcomings of 19th century fire refining. The beginnings and early years of 
the Pembrey electrorefinery are briefly discussed in relation to the quality, applications and 
pyrometallurgy of copper at the time. More than a decade would elapse before the birth of the 
electrical age: the Pembrey refinery may be seen as one of its vital precursors. 
 
4:30 PM - Presentation 588113 
The First Electrolytic Copper Refinery in the USA at the Chemical Copper Company, 
Phoenixville PA - History Revisited 
William Culver, State University of New York at Plattsburg 
Phillip Mackey, P.J.Mackey Technology Inc. 
Bradford Wesstrom, El Paso Refinery, Freeport-McMoran, El Paso TX, USA 
Albert Wraith, Private Consultant 
 
ABSTRACT The world's first electrolytic copper refinery was opened at the Pembrey copper 
works and smelter beside Burry Port harbor, South Wales, in 1869, based upon UK patents 
granted to J.B.Elkington to recover both copper and silver. The refined copper output was small 
at first, of the order of 0.1 tonne Cu/day rising to ~1 tonne/day within a few years. The profound 
significance of its unprecedented purity was perhaps not fully realized until the dawn of the 
electrical age a decade or so later. Nevertheless, within about 10 years, three somewhat larger 
(about 4 to 4.5 tonnes Cu/day) electrolytic refineries based on Elkington's process were in 
operation in Germany, with new ones planned throughout Europe. In 1879, as copper output in 
the USA was starting to expand, European electrolytic copper refining technology was taken up 
by James Douglas who set up a small plant at the Chemical Copper Co. in Phoenixville PA, ably 
assisted in this pioneering work by Edward Weston. The present authors contend that this was 
the first electrolytic refinery in the USA ". . . to make electrolytic copper by the ton . . ." in 
Douglas's words, and takes precedence over the Balbach Copper Refinery in New Jersey, which 
opened in 1883 with a production of about 2 tonnes/day and has hitherto been regarded as the 
first commercial refinery in the USA. These plants are briefly described based on limited 
available records, including reference to a fire and financial loss at the Chemical Copper Co. 
which, it is believed, cut short the plant's future. The paper concludes that in 1879, the Douglas 
refinery at Phoenixville was indeed the first electrolytic copper refinery in the USA. 
 
4:55 PM - Presentation 582049 
One Hundred Years of Electrolytic Copper Production in Finland 
Jari J. Aromaa, Aalto University 
Olof Forsén, Aalto University, School of Chemical Engineering 
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Mari Lundström, Aalto University 
Petri Latostenmaa, Boliden Harjavalta 
 
ABSTRACT The history of electrolytic copper production in Finland is closely connected with 
the industrialization of Finland and events of the Second World War. Production of cathode 
copper by electrowinning from the processing of Outokumpu ore started in 1913 based on the 
Hybinette nickel process, however due to the poor performance of this process, the plant was 
closed in 1929. Outokumpu commenced copper smelting at Imatra in eastern Finland in 1935 
producing blister copper for refining outside the country. Due to the threating military situation, 
a new electrolytic copper refinery was built in 1941 at Pori in western Finland to refine the 
anodes - this was the first electrolytic copper refinery in Finland. It was built with 108 cells 
having a capacity of 12,000 tonnes/a. In addition, the smelter was re-located to nearby Harjavalta 
in 1944-1945. As part of the peace treaty with the Soviet Union, a doubling of the smelter 
capacity was realised, with the Pori refinery capacity increasing to 20,000 tonnes/a in 1946 by 
adding additional cells. The cornerstone of Finnish metallurgical technology - Outokumpu flash 
smelting - was invented with the new technology commissioned at Harjavalta in 1949 replacing 
the electric furnace, providing a further increase in copper output with subsequent enlargement 
of the refinery. By 1963, the plant consisted of 380 cells with a capacity of 48,000 tonnes of 
cathode copper/a. The Pori electrolytic copper refinery has operated continuously since 1941. 
Commencing in 2004 the Pori refinery has been part of the Boliden group of Sweden. The most 
recent plant upgrade was in 2007 with the installation of permanent cathode technology. In 2017, 
the production of the Pori refinery was 133,000 tonnes of copper cathode, 2,300 tonnes of nickel 
sulphate, along with 66 tonnes of silver and 4.6 tonnes of gold. This paper describes these 
outstanding achievements.  
 
Copper 2019: Health & Safety in Operations 
Health and Safety in Operations I - Chair: Drew 
Borcherding 
Meeting Room 14 
10:25 AM - Presentation 594593 
Innovative Tools for Changing Behavior and Creating a Safety Culture That Reaches the 
Whole Workforce in a Durable Way 
Axel Valdivieso, Corner Safety s.a 
 
ABSTRACT Behavior and Safety culture programs have been implemented with different 
degrees of success in many metallurgy, copper and heavy industry companies. In many we have 
been finding a repetitive pattern of issues focused on reach and durability of the changes. 
Application of psychological and social engineering principles to the results, created a simple 
framework for the identification of unbalances, and a set of tools to fix the shortcomings. 
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Whether trying a top-down, bottom up, or mixed approach to behavior change, the organizations 
face the same challenge: Change is an effort that never happens in a durable way unless there is a 
new reality to change for, clear benefits and capabilities. Therefore, when the following 3 
principles are not balanced, the behavior-based program may be at risk. 
 
1. The new message reaches the entire workforce at all levels of communication. 
2. The new world image feels real and has emotional but also pragmatic consequences 
3. There are skills to adapt to the new changes or a way to gain them. 
 
In simpler words: They can see it, they can believe it, they can do it. 
 
Many behavioral change programs either focus too much on motivating but lack on the 
pragmatic and wide distribution. Or focus on everything for an initial group of leaders that then 
struggle to get the rest of their colleagues on board. We suggest two innovative tools to balance 
these key issues.  
 
For message distribution: Use better communication channels. Adapting from marketing and 
choice avoidance architecture it is possible to change the actual environment perception of the 
work force at both conscious and unconscious levels. Requires tailored visual and structural 
changes organized as a marketing campaign. It asks to adapt to a new environment, instead of the 
necessity to change due to management orders.  
 
For skill developing and reaching entire workforce. Develop first internal locus of control and 
empowerment. The whole workforce cannot be motivated in the same way. Refractory people 
exist due to fear of change and failure. Gaining skills first reduces those fears, but seeing safety 
as something external for too long makes you lose the capacity to take charge and modify 
behavior. That capacity (locus of control) needs to be trained in a way where people are allowed 
to make mistakes, learn from them and have to wait for reward. We have found success via 
flexible, low cost, autoregulated and organically grown mini-projects that serve as a vessel for 
said training. 
 
10:50 AM - Presentation 594933 
A Structured Approach to Conducting Site Risk Reviews 
Sudhir Thakurdin, Hatch Africa 
Thomas Gonzales, Hatch Associates 
 
ABSTRACT The conducting of risk reviews is an essential activity in ensuring safe operating 
conditions, both during project design phases and for existing facilities. The following paper 
presents a structured approach to the conducting of risk reviews for existing operations, 
including descriptions of supporting documentation and guidelines for on-site review activities. 
The conducting of regular site risk reviews and safety audits is crucial in ensuring the continued 
safe operation of existing facilities, particularly in the copper industry where numerous processes 
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and unit operations can present catastrophic risks, both in terms of loss of life and financial 
liability. The structured approach presented aims to provide a logical and comprehensive 
analysis of risks to align safety-related facilities and procedures with current industry best 
practice and ensure consistency across multiple client operations. 
 
11:15 AM - Presentation 568074 
Worker Safety from Stray Current Shock Hazards in Electrolytic Tankhouses 
Steve Dominguez, FM Tyrone Mining LLC 
Ephrem Gebrehiwot, Freeport-McMoRan mining Company 
Steven Richardson, Freeport-McMoRan Mining Company 
Scot Sandoval, Freeport-McMoRan Mining Company 
 
ABSTRACT Copper electrowinning/electrorefining (EW/ER) is powered by direct current (DC) 
rectifiers that typically generate 30,000 to 70,000 amps at a bus-bus voltage of 200 to 500 volts 
DC. Tankhouses are designed so that DC current flows through “cell lines” which contain 
individual EW/ER cells electrically connected in series. Electrolyte composed of copper sulfate 
and sulfuric acid in water forms the “liquid conductor” that connects the metallic conductors in 
this circuit.  
 
In this setting, stray current is a DC current that strays from and therefore bypasses the tankhouse 
circuit by finding a path to ground, often through the electrolyte in pipelines that feed into and 
discharge from the cells, or through dried electrolyte (i.e. sulfate), which is also electrically 
conductive. Tankhouse workers can be exposed to shock hazards if they become part of a stray 
current path to ground. This presentation details examples of stray current shock hazards in 
electrolytic tankhouses and provides voltage and amperage measurements associated with stray 
current in these examples. A review of critical safety controls in EW/ER tankhouses that will 
mitigate the risk of employee shock from stray current is also provided. 
 
11:40 AM - Presentation 573960 
Electrical Model of an EW Circuit and Stray Current in the Connected Electrolyte Piping 
Steven Richardson, Freeport-McMoRan Mining Company 
 
ABSTRACT The Electrowinning (EW) Circuit involves using DC current in the electro-
deposition of metal ions dissolved in an electrolyte solution. This presentation reviews a method 
to generate an electrical model of an EW circuit and the resulting DC current flow and voltage 
distribution within the circuit. Topics include: 1) calculations of electrolyte conductivity and the 
equivalent electrical resistance of the electrolyte within the electrolyte pipelines connected to the 
EW circuit; 2) the breakdown and classification of the EW cell voltage into thermodynamic and 
ohmic potentials; 3) methods to calculate current flow and voltage distribution throughout the 
EW circuit; and 4) the development of an interactive visual computer model to simulate an actual 
EW circuit. Stray current can pose an electrical shock hazard to employees in electrolytic 
tankhouses. Increased awareness and understanding of the voltage distribution and potential stray 
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current in an EW circuit can help mitigate the risk of tankhouse workers becoming exposed to 
electrical shock hazards.  
 
Health and Safety in Operations II - Chair: Scot Sandoval 
Meeting Room 14 
2:00 PM - Presentation 591052 
Improvement of Elements of Safety Culture in KGHM Glogow Copper Smelter 
Robert Gregorczyk, KGHM Polska Miedz S.A. 
Tomasz Gąbka, KGHM Polska Miedź S.A. 
 
ABSTRACT Works on improving employees' behavior in Głogów Copper Smelter began in 
2009. It has been noted that over 90% of accidents at work are attributable to human reasons. At 
that time a series of external workshops was contracted. It was based on exercises conducted by 
a psychologist trainer with supervisors. Having trained about 300 employees an observation of 
employee behavior at workstations was started as part of the control of risk reduction measures. 
As a result of the above actions the number of accidents was reduced by half between 2009 and 
2017. Currently internal workshops for communication improvement for behavioral auditors are 
run by the employees of the Smelter. Named: "I observe, react and communicate" and aimed at 
further mastering the elements of the safety culture in Głogów Copper Smelter. 
 
2:25 PM - Presentation 599293 
ILTEC Technology – New Pathways Towards Safe and Effective Cooling 
Rolf Degel, SMS group GmbH 
Andreas Filzwieser, METTOP GmbH 
Martina Hanel, METTOP GmbH 
Hans-Jörg Krassnig, polymet solutions 
Timm Lux, SMS group GmbH 
Alexander Bergs, SMS 
 
ABSTRACT It is the increasing demand for an economic and cost saving operation mode that 
requires effective cooling in order to achieve low refractory wear and good furnace lifetime, 
which is making cooling technology a sustainable aspect of furnace operation. In addition, safety 
awareness is becoming more and more a focal point of the operating philosophy.  
 
However, the use of water - today’s standard cooling medium - has major drawbacks as it can 
cause problems during furnace start up and operation, namely hydration problems, corrosion and 
explosion. Not to forget the severe personal as well as economic damage in case of a 
malfunctioning water cooling systems. 
 
ILTEC is a new patented cooling technology, developed by Mettop GmbH in Austria, to 
overcome the disadvantages of water by using an alternative cooling medium, namely the ionic 
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liquid IL-B2001. IL-B2001 is non-flammable, non-corrosive, non-toxic and minimizes 
explosions due its low vapor pressure. It also has a wide liquidus range and operating 
temperatures between -15 and 200 °C. These properties all contribute to the safe use of IL-B2001 
in various cooling applications in the metal processing industry where there is a risk of cooling 
water explosions. 
 
SMS group and Mettop signed an exclusive cooperation agreement for the utilization of this 
revolutionary cooling system. 
 
This paper will emphasize potential applications for the iron and steel, ferro alloy and non-
ferrous metals industry. It will highlight safety related items, the use of the ILITEC Technology 
for energy recovery and new process routes that are made possible. 
 
2:50 PM - Presentation 595615 
Case Study: the Utility of the ISO 45001:2018 Framework to Generate Risk Profiles and 
Mitigation Strategies for the Worker / Arsine Gas Exposure Risk 
Anastasiya Mitsui, Hatch 
Brian Krysa, Hatch 
Terrence Koehler, Hatch 
 
ABSTRACT The presence of arsenic, even at trace levels, in copper processing leads to the risk 
of arsine gas where conditions exist that can generate hydrogen in arsenic containing solutions. 
This risk is understood to be significant within the industry, particularly in the case of liberator 
cells where copper concentrations in solution are drawn down to the range where hydrogen gas 
can evolve. However, there are numerous other potential areas where the arsine gas risk exists 
including contact between active metal such as iron, zinc or aluminum and arsenic bearing 
solutions in pyrometallurgical dust treatment, refining and acid plant operations. In turn this 
breaks down to different mitigating strategies dependent on the risk scenarios considered; for 
example, how this risk interacts with Change Management, Confined Space Entry or Contractor 
Training. The ISO 45001 is an emerging standard meant to improve employee safety, reduce 
workplace risks and create safer working conditions all over the world. The paper shows a case 
study of how a framework consistent with the tenets of ISO 45001 has been used to provide a 
consistent assessment of this risk for a wide variety of copper operations and the expectations of 
how this may be used to improve the effectiveness of barriers against future incidents. 
 
3:15 PM - Presentation 594070 
Continuous Training – Insurance for Sustained Operation 
Jackson Kapobe, Mopani Copper Mines Plc 
Anton Lemmer, Mopani Copper Mines Plc 
Mike Milupi, Mopani Copper Mines Plc 
Richard Phiri, Mopani copper mines Plc 
Charles Mazala, Mopani Copper Mines plc 
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ABSTRACT Sustainability of plant operations, in a rapidly changing mining environment, 
requires a well trained workforce to ensure smooth running of operations. To ensure availability 
of trained manpower, Mopani Copper Mines Plc set up a training facility in 2013. The school 
offers training in Engineering, Mining and Process. The engineering section enrolls grade 12 
school leavers for artisan training. Mining section offers comprehensive safety induction 
program to employees and contractors to meet the Mopani zero tolerance to accidents safety 
policy. The process training section offers advanced training programs for plant operating 
personnel and university graduates. The program includes needs analysis, theoretical 
metallurgical modules, practical plant training and e-learning modules. The school also offers 
assaying and sampling courses. All the above courses are extended to individuals and other 
mining houses wishing to have their personnel trained. The Mopani sustainable academy ensures 
that contractors engaged on the Mopani sites are fully registered, comply with all relevant 
regulations and have undergone induction program before they can be allowed to work on the 
mine.  
 
Copper 2019: Hydrometallurgy 
Copper Technology and Development - Chair: Ghazaleh 
Nazari 
Meeting Room 8/15 
10:25 AM - Presentation 595433 
New Developments in Hydrometallurgical Copper Ore and Concentrate Leaching 
David Dreisinger, The University of British Columbia 
 
ABSTRACT The hydrometallurgical treatment of copper ores and concentrates continues to be 
an active field of innovation. The direct extraction of copper from ores containing chalcopyrite is 
an important development to provide an alternative to flotation-smelting and refining. Jetti 
Resources (with the University of British Columbia) and the JX Nippon Group have developed 
process options for chalcopyrite heap leaching. Biological heap leaching developments for 
chalcopyrite are also continuing in parallel. These direct leaching technologies are also very 
attractive for arsenical ores. 
The atmospheric leaching of copper concentrates is an attractive option along with autoclave 
processing. The GalvanoxTM Process is the focus of commercialization by InCoR Galvanox 
Holdings under exclusive license by the University of British Columbia. The GalvanoxTM 
Process can be used to treat chalcopyrite or enargite containing concentrates to high copper 
extraction with simultaneous precipitation of arsenic as atmospheric scorodite. FLSmidth have 
continued development of the Rapid Oxidative Leach (ROL) and associated technologies for 
chalcopyrite leaching. The Glencore Albion Copper Process using ultra fine grinding of copper 
concentrates and atmospheric leaching has found application in central Africa. 
The pressure leaching of copper concentrates continues to be attractive for rapid, complete 
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oxidation of sulfide minerals with high copper extraction and arsenic stabilization of iron-
arsenate minerals and precipitates. The Ecometales PLCC project is designed to use high 
temperature total pressure oxidation for treatment of an arsenical copper concentrate with use of 
existing copper SX-EW facilities for copper cathode production. The excess acid from the 
autoclave process will be used to make up the acid demand for associated copper ore heap and 
dump leaching operations. 
 
11:15 AM - Presentation 576516 
First Commercialisation of the Albion Process(TM) for Copper 
Paul B. Voigt, Glencore Technology 
Glenn M. Stieper, Glencore Technology 
Mike Hourn, Glencore Technology 
Daniel P. Mallah, Glencore Technology 
 
ABSTRACT Sable Zinc Kabwe Limited ("Sable") is a base metal processing plant two 
kilometres south of Kabwe Town in Central Province, Zambia. The region has a rich history in 
mining and minerals production, being a major lead and zinc producer from the 1900’s up to the 
mid-1990’s. In 2006, a copper plant was built at the Sable processing site to treat third party 
copper and cobalt oxide ores and concentrates. The current flowsheet is based on whole ore 
leaching, solvent extraction and production of 8,000 tpa LME Grade A copper cathode. The 
plant was on care and maintenance and Glencore Plc ("Glencore") took the opportunity to 
convert the plant to an Albion ProcessTM plant to treat local refractory concentrates unsuitable 
or uneconomic for smelting. The Albion ProcessTM plant comprises an M100 IsaMillTM 
operating in acidic conditions such that raffinate from the downstream process is recycled back 
to slurry the concentrate delivered to site thus maximising copper tenor in solution and reducing 
water consumption. The finely ground concentrate is then fed to existing stainless steel leach 
reactors converted to Albion ProcessTM duty by fitting HyperSpargeTM supersonic oxygen 
injectors and gas dispersing agitators. The leach product is then directed to the existing solid / 
liquid separation equipment and onto copper and cobalt recovery circuits.  
The plant was designed based on testwork of a nominal concentrate, however, a flexible 
approach to design allows the treatment of a wide range of concentrates. This positions the 
Albion ProcessTM plant at Sable a regional treatment facility for feed that is not economic to 
treat by conventional means. The plant was commissioned and ramped up in around six weeks 
producing LME Grade A copper with over 99% leach recovery. 
 
 
 
11:40 AM - Presentation 595316 
Heap Leaching of Chalcopyrite Ores 
Gabriel E. Zarate, Jetti Cobre SpA 
Monserrat Rebolledo, Jetti Services Canada 
Nelson Mora, Jetti Services Canada 
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ABSTRACT Jetti Resources is a technology company in the natural resources area that has 
developed a novel hydrometallurgical method for extracting base metals from sulfide ores, which 
have been so far unleachable by current heap leach processes. In copper, the best example is 
extracting copper from chalcopyrite ores. 
The technology uses a catalyst which weakens the metal-sulfide bond in the crystalline structure 
of the chalcopyrite mineral and alters the structure of the passivation layer allowing the leaching 
process to continue. 
The Jetti technology runs at ambient temperature and it can be easily integrated into current 
heap/ dump leach-SX-EW operations.  
In order to prove the technology, a variety of ores has been initially evaluated using laboratory 
standard methods like bottle roll and different size column tests. It is currently being evaluated at 
larger scales, namely a commercial dump leach operation and 50 tonne crib tests. 
So far, a number of tests has been carried out with different ore samples and the results obtained 
are compared to the results from conventional sulfide heap leaching tests. 
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PGM Recovery in Copper Processes - Chair: Jan Smit 
Meeting Room 8/15 
2:00 PM - Presentation 595439 
Process Options for Copper and Gold Recovery from a Bulk Flotation Concentrate 
Containing Pyrite 
David Dreisinger, The University of British Columbia 
Felipe Hilário, Vale - Diretoria de Exploração e Projetos Minerais Tecnologia Mineral 
Mariam Melashvili, University of British Columbia 
Chih Wei Chao, University of British Columbia 
 
ABSTRACT The processing of a bulk concentrate containing copper as chalcocite, enargite, 
bornite and chalcopyrite along with pyrite and precious metals of silver and gold was studied.  
A leaching study was undertaken to examine the application of the atmospheric acid leaching 
process to a bulk copper concentrate for copper recovery followed by cyanidation or thiosulfate 
leaching for gold and silver recovery. The extraction of copper exceeded 90% under some 
conditions and the recovery of gold and silver reached a maximum of 44 and 45% respectively.  
A sample of bulk concentrate was roasted in air to oxidize the sulfides with release of sulfur 
dioxide followed by acid leaching of the roaster calcine and cyanidation of the acid leach 
solution. The copper extraction reached over 92% and the gold extraction exceeded 88%. The 
sulfur dioxide may be captured for acid production. 
The full results of the concentrate treatment tests are presented along with mineralogical results 
to aid in interpretation.  
 
 
2:25 PM - Presentation 606675 
Precious Metal Recovery Process Using Hydrometallurgical Technologies of Copper Anode 
Slime 
Takayuki Nakai, Sumitomo Metal Mining Co., Ltd. 
Masahiro Shingu, Sumitomo Metal Mining Co., Ltd. 
Hidemasa Nagai, Sumitomo Metal Mining Co., Ltd. 
Yasushi Isshiki, Sumitomo Metal Mining Co., Ltd. 
Satoshi Asano, Sumitomo Metal Mining Co., Ltd. 
Masaru Takebayashi, Sumitomo Metal Mining Co.,Ltd. 
 
ABSTRACT Toyo Smelter & Refinery of Sumitomo Metal Mining Co., Ltd. (SMM) is located 
in coastal zone of Saijo city and Niihama city, Ehime Pref., Japan, producing copper, sulfuric 
acid, and precious metals such as gold, silver, and PGMs. 
Previously, the process of precious metals recovery was a combination of pyrometallurgy and 
electro-refining with conventional technologies for around 400 years. However, this process had 
some major problems such as non-efficient recovery of valuable metals, high environmental risk 
by pyrometallurgy, high cost for maintenance of equipments and so on.  
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In order to solve these problems, the thorough hydrometallurgical process for precious metals 
refining using chlorine leaching technology was originated and developed by Sumitomo, 
thereafter commercialized in 2004 at Toyo copper smelter & refinery. This new process enabled 
the shorter term recovery of gold and manpower saving, in addition, the elevation of 
occupational safety and working condition has been obtained. Superiority to the existing 
hydrometallurgical processes was also confirmed, example for the achievement of high purity 
silver production without electro-refining.  
This paper summarizes hydrometallurgical technologies for precious metals recovery such as 
chlorine leaching of copper anode slime for silver recovery, solvent extraction (SX) for gold 
recovery, and ion exchange (IX) for PGMs recovery. And also, it presents the unique process of 
silver purification technique.  
 
2:50 PM - Presentation 595661 
Recovery of Value-Added Metals from Copper Refining Streams Using Molecular 
Recognition Technology 
Neil Izatt, IBC Advanced Technologies, Inc. 
Steven Izatt, IBC Advanced Technologies, Inc. 
Ronald Bruening, IBC Advanced Technologies, Inc. 
Reed Izatt, IBC Advanced Technologies, Inc. 
Luis Navarro, IBC Advanced Technologies, Inc. 
Shijie Wang, Rio Tinto 
 
ABSTRACT Green chemistry principles will be discussed and examples will be given of the use 
of Molecular Recognition Technology (MRT) to selectively separate valuable metals such as 
bismuth and palladium from various copper refinery feed streams. Separation and recovery of 
these and other metals has numerous advantages including (i) conservation of valuable resources, 
(ii) prevention of environmental damage, and (iii) elimination of capital and operating expenses 
due to re-processing or disposal of metal-bearing streams.  
 
Hydrometallurgy I - Chair: William Hawker 
Meeting Room 8/15 
4:05 PM - Presentation 595079 
Electrochemical Evaluation of the Dissolution of Chalcopyrite in Cupric Chloride Solutions 
Luis Beiza, University of Cape Town / Universidad Católica del Norte 
Jochen Petersen, University of Cape Town 
Lilian Velasquez-Yevenes, Universidad de Santiago de Chile 
 
ABSTRACT Chalcopyrite is by far the most abundant copper sulphide on Earth, but it has 
proved to be problematic in its processing by leaching, mainly related to its refractory nature, 
slow kinetic rates of dissolution and the formation of an inhibiting product layer on its surface 
during leaching. This study is focussed on the electrochemistry of chalcopyrite dissolution in 
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acidic chloride system, which has recently gained attention as a feasible alternative to 
conventional sulphate media for chalcopyrite leaching. It is well understood that chalcopyrite 
dissolution from mineral grains depends strongly on the solution redox potential at the mineral 
surface as well as the composition of the product layer that may form on its surface. The chloride 
ions in solution support the Cu(II)/Cu(I) couple as the primary oxidant, as they can form 
complexes with the cuprous ions formed, increasing the dissolution rate. Additionally, these ions 
increase the potential range where chalcopyrite can be oxidized. The chemical reaction that 
occurs on the surface of chalcopyrite in chloride solutions in the presence of cupric ions will be 
characterized and the coulometry of the reaction will be reported to understand what is 
happening on the surface of chalcopyrite. Electrochemical experiments have been carried out to 
investigate the behaviour of mixed potential by open circuit potential (OCP) measurement for 30 
minutes using sulphuric acid at pH 1 under nitrogen at 25⁰C. The effect of chloride was analysed 
at 0, 20, 50 and 100 g/L and cupric ions from 0 to 50 g/L. The potentials obtained were then used 
to carry out chronoamperometry tests for a period of 30 minutes in absence of cupric ions. The 
mixed potential did not show a significant difference with an increase in cupric concentrations in 
the absence of chloride. Increased mixed potentials and current densities were observed at higher 
chloride and cupric concentrations. Chronoamperometry tests at those potentials were used to 
construct a voltammogram trace which has the same trend as a normal cyclic voltammogram but 
with much lower current densities.  
 
4:30 PM - Presentation 590553 
Comparison of Chalcocite Leaching in Ferric Chloride and Cupric Chloride Media 
Mohsen Hashemzadeh, University of British Columbia 
Wenying Liu, UBC 
 
ABSTRACT The efficiency of water use is a top priority for the global minerals industry, 
especially in regions with limited freshwater supplies. In these areas, the freshwater shortage has 
prompted mining companies to search for alternatives to freshwater sources. Seawater has been 
proven to be a potential water source for mineral beneficiation and metal extraction processes. 
This study compares chalcocite leaching behavior with ferric chloride to that with cupric 
chloride. We carried out leaching tests with a highly pure chalcocite sample in jacketed reactors 
under fully controlled pH and solution potential. The effect of temperature, chloride 
concentration, oxidant concentration, and particle size on copper extraction was quantified in 
both cupric and ferric chloride systems. In the ferric chloride system, increasing ferric 
concentration showed a positive effect on the first stage of chalcocite leaching. In the second 
stage, increasing temperature markedly enhanced copper extraction. In the cupric chloride 
system, chloride concentration presented a considerable effect on both the first and second stages 
of leaching, while temperature had a remarkable effect only on the second stage. The findings of 
this study would be beneficial to mining companies aiming to replace fresh water with seawater 
for heap leaching of chalcocite. 
 
4:55 PM - Presentation 590428 
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Hydrometallurgical Strategies for Higher Impurities in Copper Refining 
Jeff Adams, Hatch Ltd. 
Jack Shannon, Hatch Ltd. 
Jacqueline Fossenier, Hatch Ltd. 
Cinziana Sist, Hatch Ltd. 
 
ABSTRACT With the cleanest and easiest to treat copper concentrates dwindling and becoming 
harder to find, electrorefineries must deal with the reality of higher impurity anodes. There are 
well-known strategies for managing nickel, bismuth, antimony, etc. using bleeds (Ni, Bi, Sb, As) 
or arsenic control (Bi, Sb) or hydrometallurgical add-on circuits (IX, MRT, SX for As, Bi, Sb). 
However, for integrated copper producers and those producing other base metals it is often worth 
considering a more holistic, global approach. This paper will discuss both the well-known 
strategies as well as some global strategies and the role that hydrometallurgy can play in them. 
Examples will include atmospheric and pressure leaching, selective precipitation and impurity 
recycling or fixation. 
 
Copper 2019: Mineral Processing 
Mineral Processing 1 
Meeting Room 19 
10:25 AM - Presentation 601128 
Co-Dependencies in Copper: Production, Price and Innovation Trends 1900-2018 
Andrew Bamber, Bara Consulting Ltd. 
 
ABSTRACT Between the early 20th Century and the present, the production of mined copper 
ore has increased from tens of millions of tonnes per annum to several billion tonnes per annum, 
an unprecedented increase. Contemporaneously, the average grade of mined copper ore has 
declined from over 2% to approximately 0.5%. Again, in parallel, the price of copper has 
increased dramatically to reflect the increasing cost of extracting and beneficiating such large 
amounts of low-grade ore. Within the period the copper price however exhibited several periods 
of intense volatility, driven by interrelationships between demand and supply, themselves 
strongly driven by periodic industry developments in the fields of exploration, ore extraction, 
mineral processing and extractive metallurgy. It is notable that these periods of intense 
innovation exhibit a strong correlation to preceding periods of price, demand or production 
volatility. This paper examines key trends in each theme between 1900 and 2018 and draws 
strong conclusions as to the interrelationship between them.  
 
11:15 AM - Presentation 597952 
Going Coarser: Is It Worth It? 
Laurie Reemeyer, Resourceful Paths 
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ABSTRACT One of the fundamental trade-offs for copper concentrators is between grinding 
circuit product size and copper recovery. The capital and operating cost savings and throughput 
increases for a coarser grind should be evaluated against potential recovery reductions. Other 
benefits of coarser grinds, such as GHG emissions reductions and favourable effects on tailings 
and water management should also be considered. This paper assesses the formation of 
laboratory and pilot test programs, design of process flowsheets, equipment selection, and 
evaluation methods to determine the most appropriate and economical grind size for a given 
deposit. The paper will include an evaluation of case studies. 
 
11:40 AM - Presentation 574722 
Forecasting SAG Mill Energy Consumption Using Gated Recurrent Units 
Sebastian Avalos. Sotomayor, Queen's University 
Willy Kracht, Department of Mining Engineering, Universidad de Chile 
Julian M. Ortiz, Queen's University 
 
ABSTRACT Semi-autogenous grinding (SAG) mills are intensive energy consumers. Current 
models base their energy consumption inference on operational variables and feeding ore 
characterization. While they provide adequate design guidelines, they are not suitable for real-
time energy forecasting where the data absence and up/downstream process bottlenecks 
invalidate those techniques. This work explores the capability of gated recurrent units (GRU) to 
learn the SAG consumption behaviour. The GRUs are trained to forecast different time-support 
consumptions under a time-series operational data. The results show high performance on small 
supports (thirty minutes and one hour) to capture local variability and time-trends while larger 
supports (four and eight hours) can only capture time-trends but not local variability. The 
proposed technique allows training specific GRUs for different SAG mills and seems promising 
for further research and implementation on real mine cases and synthetic simulations since input 
data are low-cost and easy to obtain.  
 
Mineral Processing 2 
Meeting Room 19 
2:00 PM - Presentation 594835 
Applied Process Mineralogy at Kansanshi Mine: Changing Perceptions and Unlocking 
Value 
Lucy J. Little, Kansanshi Mining Plc., First Quantum Minerals Ltd 
Andre Prinsloo, Kansanshi Mining Plc., First Quantum Minerals Ltd 
Crosby Chongo, Kansanshi Mining Plc., First Quantum Minerals 
 
ABSTRACT Since commissioning in 2005, First Quantum Minerals’ Kansanshi Mine in 
Zambia has produced over three million tons of Cu from a complex Cu-Au deposit with highly 
varied copper mineralization. The processing plant is equally complex, with three independent 
flotation circuits, gold gravity concentration, atmospheric and high pressure leaching, solvent 
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extraction and electro winning. For the first ten years of operating the plant, copper mineralogy 
was inferred from total copper and acid soluble copper assays, and various misconceptions 
developed about the mineralogy which impacted operational strategy and project decisions.  
In 2015, an on-site mineralogy section was set up with an Automated Scanning Electron 
Microscope with Energy Dispersive X-ray Spectrometry (Auto-SEM-EDS). This instrument, the 
Zeiss MinScan, has provided detailed mineralogical data over a period of three years that has 
busted some of the mineralogy myths that had developed, highlighting the key underlying issues 
affecting processing performance. Process optimization initiatives and projects have since been 
tailored to target losses of copper hosted in specific minerals in defined size and liberation 
classes, thus unlocking significant value.  
This paper will discuss some of the early misconceptions around mineralogy at Kansanshi, 
briefly describing projects that have benefitted from a deeper understanding of copper mineral 
distribution and behavior. Learnings from Kansanshi are to be applied at other First Quantum 
Minerals sites, with a similar mineralogy program being set up at the Cobre Panama project.  
 
2:25 PM - Presentation 595846 
Targeted Mineralogy in Informing Compositing and Detailed Analysis for Geometallurgy: 
A Cu Porphyry Case Study 
Christopher C. Hamilton, Process Mineralogical Consulting Ltd 
Thomas C Chudy, Process Mineralogical Consulting Ltd 
Geoffrey R Lane, Process Mineralogical Consulting Ltd 
 
ABSTRACT The selection and provision of mineralogical services to assist in developing a 
GeoMetallurgical program for a Cu Porphyry Mine in South America is covered in this 
presentation. The objectives of the study were to provide a rapid mineralogical scoping protocol 
to support and confirm results of sequential Cu leach data and to provide detailed mineralogical 
analysis of four composites and products on which locked cycle test-work were performed. 
Results showed good reconciliation was achieved between measured chalcopyrite and secondary 
Cu contents, and leach data using a linear intercept mineralogical procedure by TIMA (Tescan 
Integrated Mineral Analyser), as well as a generally positive correlation between pyrite and Cu-
sulphide grain size. Size-by-size analysis of Composite feeds and test products was used to 
outline comparisons between feeds on a mineralogical basis and provide liberation and 
association data with which to diagnose and better explain performance. Identifying key 
mineralogical drivers to Cu recovery and concentrate grades using these results, a greater 
understanding of the role of chalcocite and pyrite on metallurgical performance was established. 
 
2:50 PM - Presentation 595345 
Geometallurgical Design for a Large Copper-Molybdenum Concentrator 
David R. Hatton, SGS 
 
ABSTRACT Geometallurgical design and production forecasting of a large copper molybdenum 
separation circuit  
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To obtain sufficient material on which to perform copper- molybdenum separation testwork a 
variability set of drill hole reject samples amounting to several tons was put together to include 
the different ore types proportions expected in the copper circuit. The samples were treated in a 
copper circuit pilot plant and enough mass of bulk concentrate was recovered to conduct copper 
moly separation tests in the laboratory.  
 
The bulk concentrate samples from the copper circuit pilot plant were used for copper 
molybdenum separation testwork including stage flotation reactor (SFR) rougher pilot plant tests, 
conventional laboratory rougher, cleaner and 4 stage open circuit cleaner tests. The mineralogical 
liberation analysis of the feed and concentrate was used to model the effect of liberation on the 
grade-recovery relationship of the different samples. 
 
Mineral kinetic parameters for the various samples were determined by calibration to the test 
data for each sample in SGS’s Geometallurgical Simulation software, IGS-FLEET. The kinetics 
also included the liberation classes for simulation  
 
The copper concentrate results as simulated from previous studies on the same deposit were used 
to simulate the variability in head grade and throughput expected for the feed to the copper 
molybdenum separation circuit for each of the first 10 years of production. This variation in feed 
was then simulated through the separation circuit to obtain optimised molybdenum grade 
recovery curves for each of the first 10 production years. 
 
3:15 PM - Presentation 594667 
Numerical Investigation of Slurry Flow and Particle Segregation Dynamics in a New Type 
of Gravity Concentrator 
Utkan Caliskan, University of British Columbia 
Sanja Miskovic, The University of British Columbia 
 
ABSTRACT Gravity separation is a technique that depends on the difference in density of 
minerals for their separation. Although this method is one of the oldest separation techniques, it 
is still preferred in the industry because of its low capital and operating cost while it is 
environmental-friendly. In this paper, we present a new numerical methodology that can be used 
to investigate dynamics of dense slurry flows in gravity separation systems. A simple channel 
with a set of riffles is selected as a test platform in order to observe the effect of the riffle shape 
on segregation profile of particles with different densities. It is believed that the riffle shape 
would affect the slurry flow and possibly cause one class of particles to segregate within the 
riffle zone. The turbulence, as a disturbance effect within the riffle zone, causes heavy particles 
to displace the light, that is, the heavy particles will be trapped in riffles, while the lighter 
particles are carried by water to the end of the channel, which is an example to uninterrupted 
suspension. MP-PIC model in OpenFOAM is used to study the effect of riffle shape and slurry 
percentage of solids in this simple gravity separator on particle segregation profile of four 
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discrete mineral density classes, which are Quartz/Clay (SG 2.6), Pyrite (SG 4.2), Chalcopyrite 
(SG 5.1), and Gold (SG 19.32). Gold particles are found to be readily captured and retained in 
the riffles because of their high density, while particles with the intermediate densities are more 
influenced by the flow. The developed model framework has been proven robust and capable of 
providing physical results even for the flows with a very high percentage of solids, characteristic 
for mineral processing operations.  
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Mineral Processing 3 
Meeting Room 19 
4:05 PM - Presentation 601131 
The Evaluation of Bulk Sorting Systems for Open Pit Copper Mines 
Andrew Bamber, Bara Consulting Ltd. 
Bernhard Klein, University of British Columbia 
 
ABSTRACT Since 2008 rapid advances have been made in technologies for the sensing and 
sorting of ores, particularly copper, and copper-related ores. Advances include significant 
increases in sensitivity and throughput, specifically in the area of bulk sorting. Such advances 
were not possible without contemporaneous advances in the understanding of copper orebodies, 
in particular the understanding and quantification of the heterogeneity required within an 
orebody to support an effective sort, regardless of the technology deployed to do this. This paper 
covers fundamental knowledge in the characterization of orebodies and their ores for sorting; 
relationships between measures of heterogeneity and sorting response; the design of bulk sorting 
systems that can exploit this heterogeneity to add value to copper operations; and, a 
quantification of the value that can be generated from bulk sorting at a case study mine. 
 
4:30 PM - Presentation 576320 
The Order in the Disorder: Quantitative Analysis of XRF Sorters 
Arvin Mazhary, Arvin M. Consulting 
Tyler Huff, Steinert US 
 
ABSTRACT Sensor-based ore sorting technology is a growing area of interest due to lower-
grade ore deposits and higher costs of processing, among other reasons. Among the sensors 
currently utilized in the particle sorting industry, X-Ray Fluorescence (XRF), as the only sensor 
with elemental analysis capabilities, has always attracted more attention and interest. Currently, 
the bench-scale amenability tests for this sensor are performed using hand-held XRF analysers. 
However, this testing method overestimates the performance of the XRF sorter, and therefore, 
the results from these tests can be misleading and are often mispresented. The work presented 
here was conducted on a copper mine and investigates how the sensor’s sensitivity to copper 
deteriorates under different testing methods. This work compares and correlates the results of an 
Olympus hand-held XRF analyser, static, and dynamic sorter responses with the actual grades of 
the rocks. The results confirmed that, the sorter response was extremely prone to blind-sidedness. 
Furthermore, the results demonstrated that although the static sorter’s responses were 
comparable in terms of rock identification to those of the hand-held XRF analyzer and assays, 
the accuracy of the dynamic sorter response deteriorated both as a function of grade of the rocks 
as well as the potential for blind-sidedness. 
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Copper 2019: Process Control, Optimization, & 
Instrumentation 
Process Control and Optimization I - Chair TBD 
Meeting Room 17 
10:25 AM - Presentation 592336 
Maximize Benefits from Your Control Systems 
Michel Ruel, BBA 
 
ABSTRACT Most plants do not track their systems’ performance. Optimization is the easiest 
way to benefit from your control systems. We suggest an approach in 4 steps: 4 questions to 
answer before moving to the next step. For each control strategy, one should ask the following 
questions: 
1- Assessment: Does it work?  
2- Remediation: Do you use it?  
3- Stabilization: Is it stable?  
4- Optimization: Does it perform? Do you need advanced control?  
 
The first phase is to assess all equipment to determine the performances of instruments, valves, 
variable speed drives, and other equipment. To carry out the project, a database will be used to 
collect and store all the information. The assessment will be used to plan the next phase : 
remediation. 
 
The second phase is to remediate instrumentation problems, including the ones pertaining to 
valves, variable speed drives, analyzers, transmitters, etc. When equipment is in order, loops are 
put back in automatic mode. If a loop oscillates, use standard default values for this type of loop. 
 
The third phase consists in validating the control strategies, properly configuring the systems 
(control system, programs and parameters, HMI, alarms), and then tuning the loops and control 
strategies. Soft sensors should be validated also. 
 
The fourth phase consists in analyzing the process and expected performances in order to 
optimize the control loops and control strategies. When mixing products for instance, each flow 
loop should move at the same speed to ensure proper recipe when increasing the total flow. If 
performance is not sufficient, a decision tree will be presented to determine the right approach: 
advanced regulatory control, model predictive control, or fuzzy logic control. 
 
Once all steps have been completed, control performance monitoring software is used to sustain 
the results and pinpoint equipment or loops not performing as stated. Also, after an audit on the 
alarm system, an alarm management and rationalization could be performed if needed. Examples 
from plants will be used to demonstrate how this step-by-step method is applied and generates 
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results. Typical budgets and efforts will be presented. 
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10:50 AM - Presentation 599109 
Copper Production Increase at the Horne Smelter 
Guillaume Dion, Glencore - Horne Smelter 
Yves Prevost 
 
ABSTRACT In 2010, the foreseen increase of copper grade in feed concentrate at the Horne 
Smelter was a significant challenge to maintain a steady copper flow throughout the process. The 
Horne Smelter process includes a Noranda Reactor, a Noranda Converter, pyro refining vessels 
and anode furnaces. Of the many challenges involved, improving the single casting wheel 
performance was one of the key topics. Its reliability had to be improved to meet the new 
production objectives, as anode copper production was to increase from 170 000 to 225 000 
tonnes/year. A multidisciplinary team was dedicated to improve the casting wheel availability. 
The improvement project allowed pinpointing over 600 failure modes and reviewing operational 
and maintenance practices. Standard operational procedures were implemented, including best 
practices reminder cards. The project allowed reaching operational targets without any 
significant investment. 
 
11:15 AM - Presentation 593106 
Peirce-Smith Converters: Automation, Design, Operation and Environmental 
Improvements at Kansanshi Smelter 
Nurzhan Dyussekenov, Kansanshi Mining Plc. 
James Rajith, Kansanshi Mining Plc. 
Lawrence Hanschar, Kansanshi Mining Plc. 
Paul Mascrenhas, Kansanshi Mining Plc. 
David deVries, Kansanshi Mining Plc. 
 
ABSTRACT Kansanshi Copper Smelter commenced operation in March 2015. The smelter 
features four Peirce-Smith Converters (PSCs) operated in a three hot, two blowing configuration. 
This paper describes some of the process automation and design features implemented to 
maximize operational and environmental performance. To ensure that the converters were easy 
to operate, efficient, and were protected in emergency situations such as power failures or loss of 
tuyere air supply a significant focus was placed on automated sequences initiated by “one 
button” operator commands or otherwise automatically by the Distributed Control System 
(DCS). Examples include: main converter roll-in and roll-out sequences; emergency roll-out in 
the event of power failure; and the charging sequences for reagents (silica and reverts).  
 
Other automated features configured for the PSCs were specifically aimed at maximizing 
converter capacity and reducing the environmental impact from fugitive emissions. These 
features include: “one button” in-stack charging; automated restriction of blowing rate based on 
the available Acid Plant capacity; and fully-automated control logic for the Secondary 
Ventilation System. In-stack charging allows Anode Furnace oxide slag to be poured into the 
PSCs while the converters are still blowing and still sending off-gas to the Acid Plant. PSC 
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Secondary Ventilation control logic was configured to require minimum input from the operators 
while ensuring maximum utilization of the available draft from the ventilation system. Highly 
automated PSC controls contribute to high utilization, averaging 41.2 in-stack hours per day. 
 
11:40 AM - Presentation 594735 
Using Real Time Elemental Analysis of Conveyed Ore Flows to Improve Copper 
Processing 
Henry Kurth, Scantech International Pty Ltd 
 
ABSTRACT Real time analysis of ore quality between the mine and mill provides major 
benefits to copper mining and processing operations. Prompt gamma neutron activation analysis 
(PGNAA) is a proven technique that has been successfully applied for real time conveyed flow 
multi-elemental measurement. The advantage of PGNAA is that it measures through the full 
conveyed cross section continuously and provides representative element measurement without 
the need to constantly sample coarse (primary crushed) conveyed flows. High specification 
PGNAA analyzers enable accurate measurement over time increments as short as thirty seconds. 
Elements such as copper can be measured to a precision of 0.02% copper which is sufficient for 
high confidence in decisions for bulk flow diversion. Increments of eight tonnes are being 
diverted through a bulk ore sorting application to remove batches of waste from mill feed as well 
as divert material to different stockpiles based on ore quality. Longer measurement increments of 
two to five minutes are suitable for blending control of ores to reduce feed quality variability and 
to control average ore quality within a target range. Feed blends can be adjusted as frequently as 
required but typically multiple measurement increments are composited to produce a rolling 
average ore quality. The paper details two case studies where analyzers have been successfully 
used to measure conveyed flows for blending and bulk diversion applications. The real time 
measurements of ore composition are also used for ore reconciliation, in metal accounting and 
providing process operators with advance warning of ore quality changes that may affect 
grinding performance and cause process upsets. Real time ore quality measurement has proven 
beneficial in improving copper processing performance through better utilising plant capacity in 
a leaching operation, optimising ore feed quality, and reducing unnecessary processing of waste. 
 
Process Control and Optimization II - Chair TBD 
Meeting Room 17 
2:00 PM - Presentation 594908 
Outotec’s Fully Automated Smelter 2020 – the Vision, the Status and the Future 
Jani Jansson, Outotec (Finland) Oy 
Mikko Korpi, Outotec (Finland) Oy 
Mikael Jåfs, Outotec (Finland) Oy 
Joey Hoang, Outotec Pty Ltd 
Robert Johansson 
Tapani Keronen 
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ABSTRACT At the Copper 2016 conference in Kobe, Japan, Outotec introduced a vision for the 
year 2020, wherein smelting would make use of four digital cornerstones: intelligent instruments, 
advanced process control, improved information management and transparency of and access to 
data. Since then, this vision coined the phrase “Fully Automated Smelter” with the mission 
promising a concept where no manual actions from human operators would be needed during 
normal smelter operations. Replacing repetitive physical work, collection and analysis of 
everyday production data has a great potential for further automation and will provide productive 
ways to improve efficiency and safety of smelters in the future. Therefore, a lot of emphasis has 
been put into developing solutions to automate these tasks and to move people out of harm’s 
way. A lot of new equipment, systems and optimization tools are under development. In 
addition, a lot of effort is going into developing dynamic process models and advanced control 
systems to interface with the plant automation systems. The goal is to integrate all these concepts 
to meet Outotec’s Fully Automated Smelter vision. This paper will cover these latest 
achievements toward this vision and introduce the near-future of digital smelting. 
 
2:25 PM - Presentation 592114 
Rougher Flotation Cell Pulp Level Control to Increase Recovery 
Mark A. Ferra, REXA Inc. 
 
ABSTRACT Flotation is used in mining to produce concentrates of iron, copper and gold. In 
2017, a copper mine near Globe, Arizona improved their rougher cells productivity using 
technically advanced electro-hydraulic actuators in the flotation process by enabling excellent 
tank pulp level process stability. Tank cell slurry volume can change due to feed/discharge 
fluctuations from neighboring tanks. When traditional pneumatic actuators are used, they have 
sluggish response times and overshoot due to the inherent physical property of air being 
compressible. Electro-hydraulic actuators have the benefit of hydraulic stiffness to deliver 
accurate and repeatable (0.1%) dart valve positioning. The results are an increase of the 
launderer copper concentrate grade by ~2-3%.  
 
2:50 PM - Presentation 595322 
Auction-based Control as a Site Implementable Means of Stabilising the Movement of 
Material Through a Set of Countercurrent Decantation Thickeners 
Bryan Maas, First Quantum Minerals 
 
ABSTRACT Processing material at a consistent rate through the continuous countercurrent 
decantation (CCD) thickeners presented a major bottle neck to unlocking additional value from 
one of the post-flotation streams at the Kansanshi hydrometallurgical processing plant. The 
manual operation of the thickeners making up the CCD train resulted in frequent imbalances and 
process upsets across units. The automation of CCD trains is notoriously tricky as the available 
manipulated variables are outnumbered by the parameters requiring regulation. The 
implementation of an advanced, auction-based, control philosophy to manage the movement of 
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both slurry and solution inventory through the train addressed this parameter imbalance and lead 
to the stabilization of the circuit. Since the commissioning of this control strategy: an additional 
7 200 dmt/day (+36% throughput) of material can reliably be processed through the train, the 
number of monthly downtime events has reduced, and a saving of $354 000/month in reagent 
cost has been achieved. 
 
3:15 PM - Presentation 595775 
Automating SAG Mill Speed Control at Gibraltar Mine 
Alex Day, Gibraltar Mines 
Ken McClure, Spartan Controls 
 
ABSTRACT Gibraltar Mine is an open pit producer of Copper Sulphide concentrate located in 
McLeese Lake, British Columbia; 500km north of Vancouver. In 2013, an expansion of the mine 
added a second concentrator which increased throughput from 55,000 tpd to 85,000 tpd. Both 
concentrators contain a 34’ SAG mill. The original mill (SAG 1) is driven by fixed speed motors 
and the new mill (SAG 2) is driven by motors with Variable Frequency Drives (VFDs). In 2016, 
advanced Digital Control System (DCS) programming was implemented for both mills to 
improve control of motor power draw and maximize throughput. With the exception of mill 
restarts, rotational speed for SAG 2 was maintained at a constant speed with occasional inputs 
from operators to reduce speed during hard ore conditions. In 2018, additional DCS 
programming was installed for SAG 2 to maximize the benefits of the VFD. The controller uses 
inputs from SAG motor current draw and mill bearing pressure to continuously vary speed so 
that the mill is optimized during all ore conditions. This paper describes the successful 
programming and implementation of the SAG mill VFD speed controller and how mill 
performance has been improved in terms of energy savings and grinding efficiency. 
 
Copper 2019: Pyrometallurgy (The Phillip Mackey 
Symposium) 
Introduction + Copper Surveys - Chair: Tony Warner 
Ballroom AB 
10:25 AM - Presentation 596677 
Dr Phillip J. Mackey - A Lifetime of Achievement 
John B. See, SeeBruce Solutions 
David G. C. Robertson (presenter only), Missouri University of Science and Technology 
 
ABSTRACT This biographical talk by a long-term friend and colleague of Dr Phillip J Mackey 
reviews Phillip's career from his early training and education in Australia and highlights his 
many professional achievements especially his contributions to the physical chemistry and 
process technology of copper production. The talk covers Phillip's more than 45 years of mining 
industry experience with a particular emphasis on the mining and processing of ores of copper, 
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nickel, lead, zinc and precious metals working both in major roles for major mining companies 
and as a private consultant to such companies. During his time at Falconbridge- Noranda he 
played a leading role in the development of the Noranda process- the World's first commercial 
continuous copper smelting and converting process. Phillip is also experienced in due diligence 
studies and has worked World wide on a number of projects for companies such as BHP Billiton, 
Anglo-American Codelco and Rio Tinto. He has published more than 100 technical papers and 
articles and is the recipient of multiple professional awards in Canada and the USA the most 
recent being the TMS 2020 EPD Distinguished lecturer Award. Given this impressive career it is 
altogether appropriate that he is being honoured in the Phillip Mackey Symposium at Cu 2019. 
 
10:50 AM - Presentation 582625 
“Around the Copper World in Eighty Days”: A Virtual Tour of World Copper Operations 
and Technologies 
Phillip Mackey, P.J.Mackey Technology Inc. 
Tony Warner, Advisian WorleyParsons Group 
 
ABSTRACT Copper metal is produced in large or small tonnages in almost all countries of the 
world - handling raw materials in the form of either mined and milled ores, custom concentrates, 
other custom materials including scrap and recycled copper. The scale of operations and type of 
technologies used around the world varies widely. There is a certain concentration of both 
mining and smelter-refinery production as a total of ten countries produce some 80% of world 
mined copper, while ten countries - mostly different ones - produce about 80% of smelted and 
refined copper. As a result international copper trade is significant. The present paper takes the 
reader on a virtual tour of the copper plants throughout the world with a focus on smelter 
facilities. Operations and technology employed at each plant visited are discussed including a 
brief historical sketch. Future trends identified during the world tour are also discussed. The 
present authors considered sufficient time was required for a thorough study tour and settled on 
eighty days - the same as that for the celebrated story of world circumnavigation in the 1870s. 
 
11:40 AM - Presentation 595947 
Copper Smelting: 2019 World Copper Smelter Data 
Shijie Wang, Rio Tinto 
William G. Davenport, University of Arizona 
Suping Yao, China NERIN Engineering Co., Ltd. 
Andreas Siegmund, LanMetCon 
Thomas Gonzales, Hatch Associates 
Gary Walters, Hatch 
David B. George, David B. George and Associates, LLC 
 
ABSTRACT The total worldwide copper smelter produced in 2017 was 19.1 MT copper 
(including secondary), or 13.7 MT copper (primary only). 1 Almost 50% of production comes 
from flash smelting. Double Flash technology accounts for one third of the world’s Copper 
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Flashing Smelting Production which is the primary leading technology currently being used. 
Since 2016 when the last Copper Smelter Survey was published, swift changes of copper 
smelting over last three years are updated and analyzed, new innovations highlighted and the 
environmental, energy and safety performance reviewed. A perspective on future trends is also 
offered. 
 
 
Impurities I - Chair: Ahmed Vahed 
Meeting Room 11 
10:25 AM - Presentation 590691 
A Novel Process for Arsenic Removal from Dusts Produced in Chilean Copper Smelting 
Hector Mario. Henao, Technical University Federico Santa Maria 
Rodrigo Antonio. Diaz, Ministro Hales División, Codelco Chile 
Ignacio Andres. Paredes, Technical University Federico Santa María 
Javier Ortiz, Ministro Hales División, Codelco Chile 
 
ABSTRACT Due to increasing concentrations of arsenic in the Chilean copper concentrates, the 
smelters generate a significant amount of dusts with high concentrations of this element. Despite 
that in some smelters the content of silver in the dust correspond as much as 25wt% of the 
inventories of that element, the dust is sometimes considered a hazardous waste. 
This paper presents the experimental results for the development of a novel process in which the 
dust (which are mainly complex oxides of Cu, S, Fe, As, Sb, Bi, others) is sulfurized to form 
composite of the series enargita-tennantite and subsequently oxidized to remove the arsenic. This 
process allow the removal of more than 90 wt% of the arsenic present in the dust and the product 
can be recirculated to the smelter processes to recover valuable elements such as copper and 
precious metals. 
 
10:50 AM - Presentation 593874 
Arsenic Challenge and Control in Zijin Copper Smelter 
Qiankun Wang, State key Laboratory of Comprehensive Utilization of Low Refractory grade 
Gold Ore at Zijin Mining Group Co., Ltd 
S.P. Zhong, State key Laboratory of Comprehensive Utilization of Low Refractory grade Gold 
Ore at Zijin Mining Group Co., Ltd 
X. J. Guo, Zijin Mining Group CO. Ltd 
J.H. Chen, Zijin Mining Group CO. Ltd 
 
ABSTRACT With depletion of traditional clean copper reserves and fast expansion of the global 
copper demand and smelting capacity in the past decade, more and more copper smelters have to 
treat copper concentrate with increasing content of complex arsenic-bearing minerals. 
Developing economically viable and environmentally reliable methods and approaches for 
arsenic control in copper smelting has become more critical for sustainable growth of the copper 
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industry. This paper will report the recent effort of Zijin Mining Group Ltd. in developing 
processes for improving arsenic control and management in the Zijin Copper Smelter. The 
arsenic distribution and balance data for matte smelting, converting and refining operations in 
Zijin Copper Smelter is reviewed for understanding of the current challenges in arsenic control. 
The processes developed for treating the arsenic bearing waste acid bleed stream from the 
smelting-converting off-gases wet cleaning circuit and the arsenic sludge produced in the 
refining electrolyte purification circuit for arsenic disposal are discussed. 
 
 
11:15 AM - Presentation 589693 
Roasting of High Arsenic Copper Concentrates: Kinetics and Mechanism of Calcine 
Formation 
Igor A. Wilkomirsky, University of Concepcion 
Fernando Parada Luna, University of Concepcion 
Roberto Parra, University of Concepcion 
Eduardo Balladares, University of Concepcion 
 
ABSTRACT The partial roasting of high-arsenic copper concentrates from DMH Division of 
CODELCO at 973/998K (700/725ºC) under controlled atmosphere can removes over 95% of the 
arsenic contained in the concentrate, leaving a calcine with 52 to 68 wt-% bornite, 10 to 13 wt% 
of chalcopyrite and 2 to 5 wt-% magnetite, with 8-24 wt% of remant chalcosite. 
 
A thermodynamic and kinetic model is being proposed to explain the formation of calcines, 
containing mainly bornite, chalcopyrite and magnetite. The proposed mechanism involves solid-
solid-gas and solid–gas reactions between chalcosite, pyrrhotite, gaseous sulphur and oxygen. 
The formation of bornite could be explained through a mechanism in which initially take place 
the simultaneous formation of bornite and chalcopyrite from Cu2S+FeS+ gaseous sulphur. After 
the initial formation of a bornite/chalcopyrite layer, solid state diffusion appears to control these 
reactions, with a faster diffusional kinetics to form chalcopyrite over bornite.  
 
The mineralogical composition of the calcines agrees well with the calculated composition based 
on the chemical composition of the calcine and the gaseous phase in equilibrium with the 
calcine. 
 
Refractories - Chair: Matthew Kreuh 
Meeting Room 9 
10:25 AM - Presentation 595999 
Optimization of the Refractory Lining Life of Copper Converters 
Anthony J. Rigby, HWI REFRACTORIES 
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ABSTRACT The wear mechanisms of the tuyere lines of Peirce-Smith and Hoboken converters 
are a subject of endless debate and speculation. However, there has been an indication that one of 
the primary factors in the deterioration of tuyere lines is due to the batch operation of the 
converting process. The cooling of the brick in the tuyere line during out-of-stack times leads to 
shrinkage of the brick and resultant opening of the joints. Subsequently, on re-entry of the tuyere 
line into the bath, the joints become penetrated with matte and re-expansion of the brick is 
prevented. It is thought that this regular cycle of exiting the batch for slag skimming and 
replenishment of matte and re-entering for further blowing leads to a gradual “ratcheting” of the 
tuyere brick lining. If no expansion allowance is furnished between the endplate and the endwall 
of the lining, then the generation of damaging compressive stress is unavoidable. 
 
 
10:50 AM - Presentation 595641 
Campaign Life Extension and Refractory Management of Copper Making Furnaces 
Majid Maleki, Hatch 
Afshin Sadri, Hatch 
Marcio Caçador, Hatch 
Hamid Ghorbani, Hatch 
Blair Climenhaga, Hatch 
Thomas Gonzales, Hatch Associates 
 
ABSTRACT The campaign life of furnaces in the copper making industry is greatly affected by 
damage caused by normal operation cycling and abnormal conditions. Proper monitoring and 
assessment of the existing conditions and safe remaining life of the vessels and their refractory 
lining is key to prevent an unplanned early replacement. This paper presents an industry-proven 
refractory management program as well as a typical fitness-for-service assessment of a rotary 
vessel shell in order to extend the campaign life of copper making furnaces and enhance safety. 
The furnace refractory management system involves a comprehensive audit and monitoring 
program which has been successfully applied to several copper flash smelting furnaces over the 
past 15 years. The fitness for service assessment provides a methodology to estimate the 
remaining life of the steel components by evaluating the existing damage and future damage rate 
based on the historical survey data. The above practices can provide the operator with cost 
savings by extending the vessel campaign life in lieu of implementing more rigorous refractory 
lining and shell audits.  
 
11:15 AM - Presentation 567788 
Typical Wear Phenomena Observed on Refractories out of the Copper Peirce-Smith 
Converter and Copper Anode Furnace 
Dean Gregurek, RHI Magnesita 
Katja Reinharter, RHI Magnesita 
Jürgen Schmidl, RHI Magnesita 
Alfred Spanring, RHI Magnesita 
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ABSTRACT Copper smelting furnaces are typically lined with magnesia-chromite refractories, 
which are exposed to multiple and complex stresses. The selection of the processing route, 
furnace type and slag system will be dictated by the specific ore type available, this will 
determine the individual refractory wear mode. This paper evaluates the common refractory wear 
mechanisms of infiltration, spalling and chemical attack as observed in the copper Peirce-Smith 
converter and in the copper anode furnace. The chemical factors include corrosion caused by 
fayalite type slag, by Cu-oxide attack, redox effects and in special cases hydration. Increased 
temperature level respectively changes in the temperature during the furnace operation (thermal-
shock) are further wear phenomena on thermal side. Mechanical factors include erosion, caused 
primarily by the movement of the metal bath, slag and charging material, as well as stresses in 
the brickwork due to punching. Finally improper lining procedures can also effect the service 
life. All these wear parameters lead to severe degeneration of the brick microstructure and a 
decreased lining life. Therefore, a detailed investigation and understanding of the wear 
mechanisms through “post mortem studies” together with thermochemical calculations by 
FactSageTM software is an important prerequisite for the refractory producer. Based on these 
research results, combined with specific process knowledge, appropriate brick lining solutions 
for copper processing furnaces can be recommend. 
 
11:40 AM - Presentation 573354 
Development and Applicability of a New Corrosion Test to Quantify Refractory Wear Due 
to Gaseous Sulphur Oxides Action 
Daniela M. Fonseca, RHI Magnesita 
Graziella Pacheco, RHI Magnesita 
Wagner Moulin-Silva, RHI Magnesita 
Geraldo Goncalves, RHI Magnesita 
Rainer Neuböck, RHI Magnesita 
 
ABSTRACT Degradation by sulfur gases is an important lining wear mechanism in the copper 
industry. SO2/SO3 gases infiltrate into the pores of the basic refractory bricks, combine with 
their raw materials through expansive reactions and significantly modify the bricks’ structure. 
This study presents a comparison of the corrosion resistance against sulfur attack of different 
magnesia-based refractories using a simple, low-cost and quantitative method. Recipes 
containing sintered MgO grains showed lower resistance to corrosion by sulfur oxides compared 
to basic grades containing fused grains. Chromium corundum grades were used as a reference 
and showed very good resistance to this corrosion mechanism under the test conditions. The 
novel test provided relevant results that agree with what is commonly observed during operation 
and in previous post-mortem studies. This tool could be very useful in selecting refractory grades 
for the copper industry and predicting their performance. 
 
Copper Surveys II + Flash Smelting - Chair: Rob West 
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Meeting Room 10 
2:00 PM - Presentation 592732 
The 2019 Copper Smelting Survey 
Joel Kapusta, BBA Inc. 
Liam Watt, BBA Inc.  
 
ABSTRACT The last extended copper smelting and converting survey dates back to the 2003 
International Copper Conference held in Santiago, Chile. The following year, the Minerals, 
Metals, and Materials Society of AIME (TMS) started a new series in its Journal of Metals 
(JOM) called JOM World Nonferrous Smelters Survey devoting its first Part to Copper. The 
copper smelting landscape has significantly changed in the past 15 years, both in geographical 
terms with the shift of copper smelting production from the Americas to China and in 
technological terms with the growing adoption rate of Top-Submerged Lancing (TSL) 
technologies and the development and implementation of Bottom-Blowing technologies. A 
copper smelting survey update, even if not as in-depth as the 2003 Copper Smelting Survey, is 
therefore in order. The authors will review the latest trends in copper smelting technologies and 
production worldwide in comparison to the landscape of the early 2000s. 
 
2:25 PM - Presentation 602421 
Comparison of Smelting Technologies 
Thomas Gonzales, Hatch Associates 
Matthew White, Hatch 
Gary Walters, Hatch 
 
ABSTRACT The Copper Smelting Industry has transitioned into the 21st century compliant 
with environmental regulations, new smelter installations and brown field expansions. The 
industry faces new challenges as copper in concentrate grades have decreased while contained 
impurities have increased. A new benchmarking survey was undertaken to update the last survey 
of 2016 for operating copper smelters in the world. The information collected was separated 
based on primary smelting technology rather than by geographical location. Each smelting 
technology’s unique use of specialized process equipment, concentrate smelting capacity, and 
impurity flexibility are discussed  
 
2:50 PM - Presentation 594800 
The past 70 Years of Flash Smelting 
Mikael Jåfs, Outotec (Finland) Oy 
Petri Latostenmaa, Boliden Harjavalta 
Esa J. Peuraniemi, Boliden Harjavalta 
Ilkka Kojo, Outotec (Finland) Oy 
Mari Lindgren, Outotec (Finland) Oy 
Satu Jyrkönen, Outotec (Finland) Oy 
Markku Lahtinen, Outotec (Finland) Oy 
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ABSTRACT The year 2019 marks the 70th anniversary of Flash Smelting. The technology was 
operated on industrial scale for the first time at the Outokumpu Harjavalta copper smelter in 
Finland in 1949. Since then Flash Smelting technology, now owned and developed by Outotec 
Oyj and the first plant, now owned by Boliden Harjavalta Oy, have been evolving throughout 
history by optimizing the process for various feeds and raw-materials, as well as through 
developing the equipment and operating practices. Even though sustainability was not a popular 
theme during the first days of Flash Smelting, it has still been the key principle in guiding the 
development. This is well proven by the wide adoption of Flash Smelting for the processing of 
copper and nickel concentrates, mostly due to its ability to fulfill the economic and resource 
efficiency criteria demanded by its operators. This paper describes the history and improvements 
of the Outotec® Flash Smelting process by looking into the early days of operation and how the 
development of the process and equipment has taken place over time as a joint effort between the 
technology provider and the users of the technology. 
 
 
 
3:15 PM - Presentation 594836 
Outotec® Flash Smelting Technology Development 
Jaana Romppanen, Outotec (Finland) Oy 
Peter Björklund, Outotec (Finland) Oy 
Kaj Eklund, Outotec (Finland) Oy 
Tiina Ranki, Outotec (Finland) Oy 
Markku Lahtinen, Outotec (Finland) Oy 
Satu Jyrkönen, Outotec (Finland) Oy 
Päivi Suikkanen-Halmela 
 
ABSTRACT Outotec is continuously working on developing our existing process equipment 
and new equipment solutions to meet the demanding requirements of the Flash Smelting process. 
Thanks to the long operating history of the Outotec Flash Smelting process feedback from the 
numerous operating references are available and is utilized. In some cases development work has 
also been done in co-operation with customers. The general goals for development work is to 
further improve process results, thus realising savings in Smelter plant operation costs by 
increasing the process efficiency and online availability. Efficiency has been further improved 
with equipment specific new design solutions and utilizing CFD modeling, which can be applied 
to specific customer cases. Digitalization also opens up new possibilities for the feeding 
equipment and furnace operation monitoring. These solutions will improve the safety and 
performance of the smelter, and provide process and equipment related information which 
wasn’t available earlier. 
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Smelting and Converting Technologies I - Chair: Matt 
Russell 
Meeting Room 11 
2:00 PM - Presentation 593852 
Thermodynamic and Process Evaluation of Direct Blister Copper Smelting 
Hua Wang, Kunming University of Science and Technology 
Lei Li, Kunming University of Science and Technology 
X. J. Guo, Zijin Mining Group CO. Ltd 
Hua Wang, Kunming University of Science and Technology 
 
ABSTRACT Direct smelting of copper concentrate to blister copper has the advantages of 
energy saving and environmental protection. There has been a lot of effort invested in process 
development including test work and theoretic analysis in the past half century. However, the 
process has only been applied commercially to a few smelters that treat chalcocite types of 
copper concentrate. The main limitation to treating chalcopyrite types of copper concentrate is 
high copper content in smelting slag and low direct copper recovery. Thus intensive slag 
cleaning is needed. In this paper, the thermodynamic analysis was mainly carried out for the 
multiphase equilibrium of direct to blister copper smelting for both chalcopyrite and chalcocite 
concentrates. The practical problems in direct to blister copper smelting, which are mainly in 
copper content in slag, are clarified. The operational window of slag composition for different 
temperatures and oxygen partial pressure for the treatment of chalcocite type concentrates is 
identified. The process operation optimization for the blending of chalcocite, pyrite and 
chalcopyrite concentrates was done. 
 
2:25 PM - Presentation 591007 
Introduction of China’s Copper Converting Technologies 
Feng He, Metallurgy Business Divison China Nerin Engineering Co., Ltd 
Yang Huilan 
 
ABSTRACT At present, many converting technologies are used in copper pyro-metallurgical 
plants in China, including PS converter, flash converting furnace, multi-lance based top blowing, 
bottom blowing and so on. 
These technologies have spanned a wide range of time. PS converter technology has been 
applied in copper smelters for many years and most of the blister copper have been produced by 
this technology; flash converting technology has been developed since 1990s and been maturely 
applied in several plants up till now; top blowing and bottom blowing technologies are new 
smelting technologies developed in China in the past 10 years and boast good environmental 
protection performance, energy efficiency, throughput capacity and short process flow. 
All of the said technologies have reference operations in treating high-grade matte. 
As more and more attention is paid to environmental protection globally and copper smelters 
continuously seek for cost reduction, it is necessary to share those converting technologies, 
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especially those new converting technologies derived in China, with copper smelting 
practitioners in the world. 
This paper aims to analyze the advantages and disadvantages of various technologies from a 
macroscopic view and discuss their actual application effects, current developments and future 
improvements. 
 
2:50 PM - Presentation 528496 
Twenty Five Years of Sonic Injection Plant Trials and Implementation — Let’s Take Stock 
Joel Kapusta, BBA Inc. 
 
ABSTRACT Back in 1995, Air Liquide and Union Minière presented a joint paper at the 
Copper 95 – Cobre 95 Conference in Santiago, Chile, describing the first full scale plant trials of 
shrouded sonic injection in a Hoboken converter at the Hoboken smelter in Belgium. Almost a 
quarter of a century later, the technology known as ALSI, or Air Liquide Shrouded Injection, has 
been tested or commercially implemented in several copper and nickel smelters. Despite these 
successes, the copper industry did not adopt it widely in the same manner the steel industry 
adopted the Savard-Lee tuyere in the 70s and beyond, not even in the way the lead industry 
adopted it with the Queneau-Schuhmann-Lurgi, or QSL, process. The development and 
implementation of bottom-blowing smelting and converting technologies in China in the last ten 
years, however, changed the industry’s perception that high- and ultra-high oxygen injection in 
copper smelting and converting was indeed possible under specific process conditions. In this 
paper, I retrace the key learnings of my journey with sonic injection over the twenty five years 
from my humble beginnings in my early years with Air Liquide, through plant trials and 
technology implementation in the late 90s and into the first decade of the new millennium, and 
ultimately, to the most conclusive proof that the sonic injection design methodology I established 
is valid, and the calculation tools I developed are accurate. I conclude by sharing my thoughts 
about whether the deployment of the Savard and Lee legacy within the nonferrous industry was 
just a pipe dream or whether it will become a reality. 
 
Fundamental Metallurgy I - Chair: Roberto Parra 
Meeting Room 9 
2:00 PM - Presentation 593987 
Mechanism of Slag and Matte Formation in Copper Flash Smelting 
Jun Zhou, Tongling Nonferrous Metals Group Holding Co., Ltd 
 
ABSTRACT Samples of the reacting suspension particles were taken from the reaction shaft of 
a commercial flash furnace at different levels. The processes of matte and slag formation and 
morphology variations in the shaft were observed and analyzed. Variations of matte and slag 
compositions in the shaft along its height were investigated. By analyzing the samples taken 
from the settler at its different positions, the processes in settler as slag formation, agglomeration 
and separation of matte-slag phases, Fe3O4 reduction and copper loss declining, and etc. were 
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studied. In line with the characteristic of the processes of matte and slag formation, the flash 
furnace is divided into 5 functional areas and a mechanism model called as “Micro-bath process” 
is proposed for production of matte and slag in a commercial flash furnace. 
 
 
2:25 PM - Presentation 595889 
Complex Copper Pyrometallurgy Challenges and Opportunities - Integrated Experimental 
Phase Equilibria and Thermodynamic Modelling Research and Implementation 
Evgueni Jak, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of Queensland 
Taufiq Hidayat, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Denis Shishin, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Viktoria Prostakova, Research Fellow, PYROSEARCH, Pyrometallurgy Innovation Centre, The 
University of Queensland 
Maksym Shevchenko, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Peter C. Hayes, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
 
ABSTRACT The chemistries of copper feed streams are becoming increasingly complex 
following growing demand for metals and corresponding shortage of primary sources. 
Optimisation of process conditions require accurate description of phase equilibria and 
thermodynamics.  
Integrated experimental and thermodynamic modelling research program on characterisation of 
the complex multi-component multi-phase gas-slag-matte-speiss-metal-solids Cu2O-PbO-ZnO-
Al2O3-CaO-MgO-FeO-Fe2O3-SiO2-S-(As-Bi-Ni-Sb-Sn-Ag-Au) system is under way to support 
major copper primary and recycling pyrometallurgical industry. The experiments involve high 
temperature equilibration in controlled gas atmospheres, rapid quenching and direct 
measurement of equilibrium phase compositions with quantitative microanalytical techniques 
including electron probe X-ray microanalysis and Laser Ablation ICP-MS. The thermodynamic 
modelling is undertaken using FactSage computer package with advanced thermodynamic 
solution models. The continuing development of research methodologies has resulted in 
significant advances in research outcomes. Implementation of the results of fundamental studies 
involves ongoing collaboration of researchers and industry technologists. An overview of recent 
progress in research, implementation and applications in industrial practice are given in the 
paper. 
 
2:50 PM - Presentation 590163 
Fluid Dynamic Studies of Bottom-Blown and Side-Blown Copper Smelting Furnaces 
Xiaodong Ma, The University of Queensland 
Zhixiang Cui, Dongying Fangyuan Nonferrous Metals Co., Ltd, 



 
Monday, August 19 

39 
 

Leonel Contreras, National Copper Corporation of Chile 
Xu Jiang, The University of Queensland 
Mao Chen, The University of Queensland 
Baojun Zhao, The University of Queensland 
 
ABSTRACT The bath smelting process is one of the key techniques applied in the current 
copper smelting production, which includes bottom-blown and side-blown furnaces differently 
from the direction of gas injection. Liquid matte and slag form the bath in the smelting furnace. 
To better understand the fluid dynamic of the bath and further optimise the operational 
efficiencies in the smelting furnace, physical simulation of the bath in the horizontal cylindrical 
reactor was investigated. The mixing behaviour and wave motion of the bath in the bottom-
blown and side-blown furnaces have been studied systematically. The mixing time is reduced 
with the increase of gas flowrate and the thickness of the lower layer, while it is significantly 
extended with the presence of the upper layer. The wave motion in the furnaces can be 
suppressed with the presence of the upper layer, but the bath with a lower density generates 
higher wave amplitude. Overall, in comparison to bottom-blown mixing, side-blown mixing 
shows better mixing efficiency and lower wave amplitude. In addition, the plume eye and splash 
phenomena occurred in the bottom-blown furnace have also been studied. 
 
3:15 PM - Presentation 575170 
A Kinetic Model of Anode Copper Reduction and Its Comparison with Industrial Data 
Paul E. Mather, Purdue University 
Matthew Krane, Purdue University 
 
ABSTRACT Anode or fire refining is the final pyrometallurgical step in the production of 
copper anode. Part of this process purifies liquid copper by reducing its dissolved oxygen with a 
natural gas-steam mixture. Until now there have been no transient models of this process 
coupling the injected gas jet mass transport with its chemical reactions. A transient, 1D flow, 
chemical reaction model was made to estimate the time-dependent behavior of anode copper 
composition, soot formation, and the transient gas jet composition along its height. Model 
estimates were made for reduction rate, soot emission rate, and exergy loss and destruction 
distributions for two melt temperatures and a range of steam addition rates. It was found that 
increases to melt temperature and steam addition rate increased reduction rate and decreased soot 
emission, while having little effect on exergetic performance. Estimates for reduction histories 
were compared to industrial data. 
 
Copper Surveys III + Flash Smelting - Chair: Rob West 
Meeting Room 10 
4:05 PM - Presentation 587988 
Flash Furnace Feed System Developments 
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Michael E. Reed, Front End Solutions, Worley Pty Ltd 
Mark Coleman, Schenck Process UK Ltd 
 
ABSTRACT The control of feed delivery to the flash furnace remains and unsolved problem. 
There are still many operations around the world with limited control of feed delivery to the flash 
furnace. Schenck Process and WorleyParsons continue to work towards the ‘holy grail’ of both 
radial feed distribution and pulse less feed delivery. 
A range of options have been developed and implemented in the last 10 years and there have 
been some improvements but there are still areas of concern including: safety issues associated 
with concentrate leaks and spills, uncontrolled variations in feed rate including massive flooding 
events, that impact on a flash furnace performance globally on a daily basis. 
A number of interim steps are now available to pave the way to the ultimate feed system. This 
paper will investigate the developments over the last 10 years and discuss the pros and cons of 
this incremental step process for overall furnace control. 
 
4:30 PM - Presentation 572932 
Flash Furnace Dust Handling Systems for Flash Furnaces 
Mark Coleman, Schenck Process UK Ltd 
 
ABSTRACT Schenck Process is an established customer-driven solutions provider, utilising its 
knowledge, expertise and technologies to transform production processes. Operating across 
several industries Schenck Process have developed quality solutions from their range of 
equipment to solve problems in copper smelters. In the non-ferrous metals industries Schenck 
Process have been using their Clyde Brand solutions in Pneumatic Transport to solve problems 
on smelter sites for a number of years, handling of concentrates, additives and metallurgical 
dusts. Working with copper smelters around the world they have developed a number of dust 
handling systems for flash furnaces from New Boliden, through Codelco to PASAR. Solving 
handling issues in dust collection has proved to suit Schenck Process range of equipment well 
and now a series of solutions are available.  
 
Solutions have been developed to handle materials up to 600C and can convey over a 1km. 
Conveying to remote location for disposal, injecting directly into a furnace through lances, return 
to furnace burner feed, or deliver and dose into leaching reactors, Schenck Process are ready to 
‘make processes work’. Historic solutions at New Boliden and Codelco demonstrate a range of 
material application and at long term performance of equipment. Recent installations at Pasar 
utilise the Schenck new ProPhaseTM equipment and handle the Waste Heat Boiler and ESP 
dusts directly and simplify the dust train. The paper will seek to show how this equipment can 
bring benefit in handling high temperature materials directly and eliminate several traditional 
steps that are often unreliable. 
 
The systems are paired with Schenck Process new PHASiQTM and STREAMiQTM control 
systems which are complete PC, HMI, PLC, Interface system with full SCADA, Data Storage 
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and IoT ready remote interrogation and support available. Installed in this challenging 
environment the systems are ready for smelter use. The systems can be also joined to our new E-
nizingTM web portal. A perfect partnership to deliver the trend in ‘Big Data’ while providing 
visibility and off site support. 
 
The paper will show how these systems can deliver reliable equipment and remote support for 
these often remote sites as well as delivering rapid return on investment. This paper discusses a 
step change in simplifying Flash Furnace Dust handling which Schenck believes shows the truth 
of Schenck Process Solutions claim that ‘we make processes work’ 
 
  



 
Monday, August 19 

42 
 

4:55 PM - Presentation 597310 
Effect of Mineralogy on the Flash Combustion of Concentrates 
Trevor Lebel, Kingston Process Metallurgy 
Gerardo Raul Fernando Alvear Flores, Aurubis AG 
Victor Montenegro, Aurubis AG 
Milen Kadiyski 
Roberto Parra, University of Concepcion 
Arthur Stokreef, Queen's University 
Boyd Davis, Kingston Process Metallurgy 
 
ABSTRACT A drop tube and methodology were developed to study the impact of mineralogy 
on the flash combustion behaviour of copper concentrates. Reaction shaft conditions of a flash 
furnace were simulated using a drop tower reactor and using different molar ratios of oxygen gas 
to sulphur in the feed. Five feeds were tested in the drop tower including pure minerals 
(chalcopyrite and pyrite) as well as two mineralogically distinct copper concentrates and a blend 
of the two.  
 
The behaviour of each of these five feeds were evaluated through analysis of the solid 
combustion products for elemental sulphur, mineralogy and particle size. Desulphurization 
curves for each of the feeds were produced. It is thought that the desulphurization behaviour of 
pure minerals can be used to estimate the behaviour of a concentrate and that a blending recipe 
could be developed that optimizes the chemical and mineralogical inputs to the flash furnace and 
guides operations on the optimum furnace conditions.  
 
Overall, the drop tube has proven to be a useful tool for studying flash combustion processes. 
Experimental results suggest that mineralogy has a significant impact on the conditions required 
for production of matte with consistent composition. This finding is especially significant for 
custom smelters, which may see several different blends in a day.  
 
Fundamental Metallurgy II - Chair: Roberto Parra 
Meeting Room 9 
4:05 PM - Presentation 592806 
Oxidic Systems: A Combined Modelling and Experimental Approach 
Inge Bellemans, Ghent University 
Vincent Cnockaert, Ghent University 
Evelien De Wilde, Umicore Group Research & Development 
Nele Moelans, KU Leuven 
Kim Verbeken, Ghent University 
 
ABSTRACT Copper smelting industry (both primary and recycling) encounters production 
losses due to the mechanical entrainment of metallic copper droplets, i.e. the droplets are 
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attached to solid particles in liquid slags. The attached copper cannot settle, decreasing the yield 
of the phase separation. This results in inadequate sedimentation and eventually production 
losses in not only industrial Cu smelters but also Pb reduction melting furnaces and ferrochrome 
smelters. 
Experimental work on this topic remains challenging, but phase field simulations can circumvent 
this lack of experimental data and allow a more systematic evaluation on the role of different 
parameters on the observed phenomenon. However, simulations are best interpreted in 
combination with experiments. The performed experiments were used both for the input 
microstructure of the solid particles and to validate the simulation results.  
In a first stage, a binary model was used to investigate the growth and wetting behaviour of metal 
droplets to a non-reactive solid particle. Several influencing factors were studied: the initial 
supersaturation of the liquid, the interfacial energies, the particle morphology (particle fraction, 
perimeter, shape and distribution), initialization method, movement of the solid particle and the 
speed of movement of the solid particle. The simulation results indicate the possibility of a 
reactive origin. Two experimental set-ups were used to investigate the reactive origin hypothesis 
and to make a comparison with the simulation results. 
 
4:30 PM - Presentation 595570 
Quantitative Methods for Copper Smelter Reengineering Projects 
Alessandro Navarra, McGill University 
Andrés Ross, McGill University 
Norman Toro, Universidad Católica del Norte 
Fernando Ayala, Universidad Católica del Norte 
Tanai Marín, M4Dynamics 
 
ABSTRACT The quantitative techniques to evaluate the enhancement of a particular unit 
operation should consider the corresponding changes to the adjacent unit operations. For 
example, the expansion of offgas handling capacity should consider the corresponding changes 
in converter cycle times, matte grade, and other operational parameters, that can provide the 
optimal system-wide benefit. 
 
In general, the upgrading of smelter equipment is risky due to the size of capital investment, as 
well as any unforeseen impacts on rest of the operations. However, this risk can be mitigated by 
applying the principles of Front End Loading (FEL) in the formulation of multiphase 
reengineering projects. The initial phases of engineering are relatively inexpensive, and 
determine whether or not to pursue the subsequent phases that are comparatively more 
expensive. Each phase of engineering depends on increasingly detailed descriptions regarding 
the critical phenomena that can effect design decisions; the increasing levels of detail may result 
from numerical simulations, as well as laboratory and plant trials. The quantitative framework 
should be sufficiently flexible to accommodate these increasing levels of detail, regardless of the 
particular phenomena, so that it may evolve throughout the project. 
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The current article describes the combined usage of mass balancing, thermochemistry and 
multiphysics, in the development of discrete event simulation (DES) and finite differences (FD). 
The incorporation of finite differences into a DES framework depends on adaptive time-
stepping, to determine threshold-crossing times, e.g. when the matte temperature surpasses a 
critical level that necessitates the addition of cold charge. The hybridization of DES and FD is 
appropriate for multiphase smelter development projects, as it supports semi-continuous material 
flows, operational policies and scheduling, as well as unexpected events and trends, in increasing 
levels of detail. This type of framework will support the installation and tuning of modern 
control systems, including state-of-the art sensors and machine learning algorithms. 
 
Smelting and Converting Technologies II - Chair: Matt 
Russell 
Meeting Room 11 
4:05 PM - Presentation 594634 
Application of Bottom Blowing Continuous Converting to Replace Copper P-S Converter 
Hongfei Li, China Enfi Engineering Technology Co., Ltd 
Yongcheng Zhao, China ENFI Engineering Corporation 
Jianlong Wang, China ENFI Engineering Co., Ltd. 
 
ABSTRACT This paper introduces the technical characteristics, transformation scheme and 
production practice of the project in which Copper P-S Converter was replaced by Bottom 
Blowing Continuous converting for the first time, and introduces the technical achievements 
obtained by the project. The application practice proves that bottom blowing copper continuous 
converting technology can completely solve the problems of fugitive off-gas pollution in the 
ladle transportation, large amount of flue gas and fluctuation of flue gas caused by P-S 
converting. Comprehensive energy consumption and operating costs of producing blister copper, 
safety and environmental risks are greatly reduced, and economic, environmental and social 
benefits are significant. It is one of the preferred technologies for upgrade and to replace P-S 
converting technology. 
 
4:30 PM - Presentation 592261 
Recent Progress of the “O-SR Process” Technology 
Takuro Nagata, Onahama Smelting & Refining CO.,LTD 
Isamu Ueda, Onahama Smelting & Refining CO.,LTD 
Shigeru Ishikawa, Onahama Smelting & Refining CO.,LTD 
 
ABSTRACT “O-SR process” in which the S-Furnace of the Mitsubishi process is followed by 
existing reverberatory furnaces (RFs) and Peirce Smith (PS) converters has been operated since 
December 2007. The S-Furnace smelts copper concentrates to produce molten matte containing 
58-62%Cu which is then settled in the RFs and converted to blister copper in the PS converters. 
The SO2 gas generated from the S-Furnace and PS converters is converted to sulfuric acid in the 
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acid plants. In addition to the smelting copper concentrates, the O-SR process has advantages in 
terms of recycling various waste/secondary materials. Automotive Shredder Residue (ASR) has 
been treated in the RF to reduce fossil-fuel consumption in RFs, and to recover various metals 
included in ASR as well, since 1993. Electronic circuit boards (E-scrap) has also been processed 
in order to recover not only copper but also rare resources such as gold, silver and PGMs since 
2013. Strategic modifications have enabled expansion of the processing volume of E-scrap. 
Enhancing recycling of wastes and scraps from urban mines while reducing the consumption of 
natural resources in the “O-SR” process will be demonstrated and discussed in the present paper. 
 
 
4:55 PM - Presentation 589867 
The Influence of Sodium on the Burning Behavior of Copper Matte Particles in Flash 
Converting Process 
Longgong Xia, School of Metallurgy and Environment, Central South University 
Feng Yu 
Haibao Shao 
Yu Shen 
Leiting Yue 
Peng Ren 
Zhihong Liu, Central South University 
 
ABSTRACT The Kennecott-Outotec Flash Converting technology has been proven as an 
advanced and mature process in 5 individual plants during the past 2 decades. High grade copper 
matte (65–72%) produced in the flash smelting, or other smelting technologies is granulated to 3-
5mm granules in a water torrent, and further crushed to fine powder (≈50µm) and dried to 
contain less than 0.3% H2O. Oxygen enriched air, together with fine copper matte powder and 
lime flux are injected into the reaction shaft by a matte burner. The copper making and slag 
making reactions will happen in very short time and distance during the particle falling and 
settling. However, industrial practice has found negative effects caused by sodium 
contamination. Na is introduced in the copper matte granulating process, and appears as Na2SO4 
on particle surface. When Na content was high, scaling problems in the boiler will be worse, and 
the processing air will be blocked by the growing accretion around the matte burner, and as-
produced blister copper is always high in S and O. In this present study, an industrial matte 
sample was used in the experimental work. Na was introduced into the matte powder by Na2SO4 
solution soaking. The burning behaviour of the doped copper matte powder has been investigated 
as a function of the impurity concentration and processing temperature. Morphology and 
composition of these samples explained how Na2SO4 converts and reacts in the oxidizing 
atmosphere, and how they or their converting species influence the burning behaviour of matte 
particles. Cross-sections of as-prepared samples were analyzed with SEM-EDS, and the reaction 
mechanism has been carefully interpreted. Results from the present study can benefit both 
academic and industrial people.  
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Copper 2019: Sustainability & Waste Management 
Designing Sustainable Prosperity I - Chair, Doris Hiam-
Galvez 
Meeting Room 18 
10:25 AM - Presentation 595701 
Designing Sustainable Prosperity - A Collaborative Effort to Build Resilience in the Copper 
Producing Regions 
Doris Hiam-Galvez, Hatch 
 
ABSTRACT Many mines are located in remote areas with high unemployment and few 
opportunities for the population. The development of the mines results in several years of intense 
activity followed by a dramatic reduction of employment and opportunities after the mines are 
closed. The local communities are therefore left with poor prospects for the future. DSP is a 
method of rectifying this situation by designing for long term growth in the areas that host mines. 
This begins with the initial establishment of mining and proceeds through the life of the mine to 
create a new vibrant economy based on the potential capabilities of the local population, the 
resources that are available, and the markets for the possible products. The process involves 
participation of the local community, the mining company, local and higher levels of 
government, financial institutions, and experts in subjects which includes local people. The 
mining company will be the catalyst for regional sustainable economic development. If 
successful, long term economic prosperity should be the result for the communities affected by 
mining. 
 
In this presentation we will describe how the concept works citing examples from around the 
world. The process starts by looking at regions based on the natural resources and skills 
available, and the infrastructure and energy needs. Integrated natural resource models and 
innovative market studies are then carried out to determine what is possible for the region and 
what needs to be done to realize the potential 
 
11:15 AM - Presentation 603040 
Future Trend for Contribution of Solar Energy to the Mining Industry and Water 
Desalination 
Alexander Levran, SUMEC NA 
 
ABSTRACT The main trust of this presentation is to depict the growing contribution of solar 
energy to the mining industry by replacing the mechanical and pneumatic tools and equipment 
with electrical, a more effective and efficient tools. This contribution is growing due to the 
improvement and lower cost of the solar energy generation. LCOE ( levelized cost of 
energy/electricity) for solar energy is becoming highly competitive with other conventional 
sources of energy. Distributed architecture of solar power plants allows supply of energy in 
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highly remote and abandoned geographies. We will discuss the trend for this contribution in the 
next three years. 
Water desalination and delivery to the mining area will be second contribution for solar systems 
in LATAM and other geographies. 
 
11:40 AM - Presentation 602638 
Desalinated Water Infrastructure Optimization Under Competing Trade-Offs in the 
Antofagasta Mining Region of Chile 
Nadja C. Kunz, The University of British Columbia 
Cecilia Campero, The University of British Columbia 
Costanza Nicolau, The University of British Columbia 
Liliana Paliero, The University of Queensland 
 
ABSTRACT Chile represents the largest producer of copper globally, and holds approximately 
a third of the world’s estimated copper reserves. However access to water represents a major 
constraint to industry expansion and creates conflicts with competing water users. Recently, the 
Chilean Congress has promoted desalination as a solution to meeting the industry’s growing 
water demand, which might led to a proliferation of desalination plants to support large-scale 
mining projects. However the expansion of desalination infrastructure comes with trade-offs. 
This includes a significant energy cost of treatment and pumping due to the inland location and 
high altitude of copper deposits. Additionally, there is a range of socio-environmental concerns 
from local communities about the expansion of desalination infrastructure and pipelines 
including impacts on landscape, tourism and fisheries, salt flat depletion, disposal of desalination 
chemicals, brine, solid waste, and impacts on the marine environment.  
 
This paper introduces a regional-scale model for optimizing desalination infrastructure in the 
Antofagasta mining region of Chile. Through geospatial data analysis in ArcGIS, new 
desalination infrastructure investments supplying water to mines are overlain with features of 
concern raised by communities during the environmental impact assessment (EIA) process, such 
as national parks, fisheries and management and exploitation areas for benthonic resources . The 
resultant model provides a test-bed for investigating the cumulative effects associated with 
desalination expansion and to investigate scenarios for mitigating negative social-environmental 
impacts. The model simulates alternative scenarios for desalination locations and pipeline routes 
according to competing constraints (i.e. to minimize cost and energy constraints while also 
avoiding ecological and social hotspots). Costs are estimated for competing scenarios to quantify 
the additional costs required to design infrastructure according to multiple constraints beyond 
only economic cost. The ultimate contribution of the work is a demonstration of how the 
proactive adoption of a regional-scale infrastructure planning might have led to different 
desalination investment decisions.  
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Designing Sustainable Prosperity II - Chair, Doris Hiam-
Galvez 
Meeting Room 18 
2:00 PM - Presentation  
Panel Discussion: Industries that will be needed in the future with Joy Romero, Alex 
Levran, Grace Quan, Doris Hiam-Galvez, and Nadja Kunz. Moderator Roki Fukuzawa 
 
3:15 PM - Presentation 595026 
Process Metallurgy in Circular Economy System Design: The Copper and Base Metal 
Value Chain 
Alejandro Abadías Llamas, TU Bergakademie Freiberg 
Markus Reuter, Helmholtz Institute Freiberg for Resource Technology 
Michael Stelter, TU Bergakademie Freiberg 
Alicia Valero Delgado, CIRCE Institute 
Neill Bartie 
 
ABSTRACT Evaluating the economic viability as well as the sustainability of the Circular 
Economy (CE) system requires a deep understanding of the distribution of all elements, 
compounds, alloys, materials etc. in flows. In this paper, the circularity of the copper value 
chain, including primary and secondary processing, is rigorously evaluated. The studied system 
comprises the metallic copper production from primary sources (from mineral to metal), copper-
containing commodity production (copper is mixed with other metals) and copper recycling 
through secondary smelting to close the loop. This is linked to photovoltaic (PV) panels and 
battery storage. A simulation model of this system is created using HSC Sim, considering more 
than 30 elements (and its various compounds), 180 unit operations and 800 flows. From the mass 
and energy balances obtained through the simulation, an exergy analysis is conducted to evaluate 
the resource consumption from a second law (entropy) perspective. Additionally, these results 
are complemented through a Life Cycle Assessment (LCA), the recovery of technology elements 
and by-products is discussed, while quantifying the losses through the value chain. Through the 
digitalization of the complete system, a better CAPEX and OPEX understanding of the metal 
recovery and losses can be obtained, as well as the associated resource consumption and 
environmental impacts. New flowsheets and technologies can be evaluated. Several scenarios 
show how the resource consumption and the environmental impacts are affected by the recovery 
of different materials to produce different products. 
 
Designing Sustainable Prosperity II - Chair, Doris Hiam-
Galvez 
Meeting Room 18 
4:05 PM - Presentation 615521 
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Process Metallurgy in Circular Economy System Design: Challenges & Solutions 
Markus Reuter, Helmholtz Institute Freiberg for Resource Technology 
Neill Bartie 
 
ABSTRACT Realising the circular economy (CE) is faced with some significant challenges. 
Process metallurgy and its infrastructure play key roles at the heart of making the CE work. 
Therefore, the enabling role of process metallurgy within the CE will be central to the discussion 
in this paper, touching among others on product and system design as well as the key 
metallurgical and other process fundamentals that need to be investigated and understood to 
make the CE a reality. The central role of materials and its processing will be discussed in an 
integrated circular cities perspective. A key focus will be a discussion on designing a resilient 
“Smart Materials Grid” using and innovating metallurgical process engineering tools, which will 
manage the flows through Sustainable Circular Cities. The discussion will be using copper as 
leitmotiv of the discussion i.e. from copper ore, to metal, to complex products, recycling, product 
design and simulation and its impact. 
 
4:30 PM - Presentation 590145 
Understanding the Effect of Ore Hardness Variability on the Integration of Solar Energy 
into the Operation of a Semi-autogenous Grinding Mill 
Giovanni Pamparana, Norman B. Keevil Institute of Mining Engineering, University of British 
Columbia 
Willy Kracht, Department of Mining Engineering, Universidad de Chile 
Julian M. Ortiz, Queen's University 
Jannik Haas, Department of Stochastic Simulation and Safety Research for Hydrosystems 
(IWS/SC SimTech), University of Stuttgart, Germany 
 
ABSTRACT This work explores the effect of ore hardness variability on the design of a solar 
photovoltaic system with battery storage and grid backup, to operate a semi-autogenous grinding 
mill (SAG). First, a case of two synthetic ore populations was studied, without any consideration 
of spatial distribution. The mean and variance of the ore hardness (measured in specific energy 
consumption) of both populations were subjected to a sensitivity analysis. The operation was 
evaluated with one and two stockpiles. The latter allows classifying according to ore hardness to 
adapt the SAG energy consumption to the solar cycle. The results show that using two stockpiles 
allows achieving a larger autonomy (i.e. less energy imports) at lower total costs, especially 
when the difference of mean hardness between the two populations is large. The difference in 
variance (between the two populations) has a smaller impact on the design recommendations. 
Second, a case study was performed considering the spatial distribution of geometallurgical 
units. Two cases were considered: (a) brownfield, when there is historical information of the 
actual variability of the ore hardness; and (b) greenfield, when the system design relies mainly on 
geometallurgical modeling. Brownfield and greenfield planning result in similar sizing 
recommendations of the solar power plant if precise drill cores are available. In this case, 
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geometallurgical modeling is an effective tool for forecasting the energy demand necessary for 
designing the power plant. 
 
4:55 PM - Presentation 595223 
Strategic Scheduling of Preventive Maintenances in Copper Processing as a Flexibility 
Option for Highly Renewable Energy Systems 
Simon Moreno-Leiva, Institute of Energy Economics and Rational Use of Energy (IER) - 
University of Stuttgart 
Jannik Haas, Department of Stochastic Simulation and Safety Research for Hydrosystems 
(IWS/SC SimTech), University of Stuttgart, Germany 
Tobias Junne, German Aerospace Center - Institute of Engineering Thermodynamics 
Willy Kracht, Department of Mining Engineering, Universidad de Chile 
Ludger Eltrop, Institute of Energy Economics and Rational Use of Energy (IER) - University of 
Stuttgart 
 
ABSTRACT To de-carbonize our energy systems we need copper. Moreover, energy systems 
based on renewables are more copper-intensive than conventional ones. The mineral industry, in 
turn, needs clean energy to achieve a better environmental performance. But there is something 
else the minerals industry can offer in this bi directional relation with energy systems. 
Renewable-based energy systems are technically feasible, economically viable, and getting 
cheaper every year. However, wind and solar technologies have a variable power output, 
increasing the need for flexibility. This flexibility can be provided with transmission expansion 
and storage, among others. Also, it can be provided by adapting the energy demand of large scale 
industrial processes. Here, we explore the use of maintenance scheduling as an option to provide 
flexibility for the energy system. 
We focus on copper concentration plants, considering the Atacama Desert as reference. This 
region has privileged irradiation conditions for solar technologies, so the use of photovoltaics in 
a cost-optimal full-renewable electricity system would be intensive. We consider processing 
plants with 2 to 3 parallel production lines, so a maintenance would reduce one third or even 
halve the energy demand. Then, scheduling maintenances during winter time is expected to 
lower the requirements for energy storage capacity, lowering the integration costs of renewables. 
We simulate different maintenance schedules for copper concentration plants supplied by full-
renewable electricity. We calculate the cost-optimal configuration of the energy system for each 
scheduling scenario using a linear optimization model for energy systems planning. The future 
costs of the components of the electricity system are based on learning curves coming from a 
database that is widely used in energy systems modelling. 
We expect that strategical maintenance scheduling will reduce the need for long-term energy 
storage, which is particularly interesting in arid regions as the Atacama Desert. In full-renewable 
energy systems, long-term storage can be provided with hydrogen storage or hydropower, for 
which arid regions are not favorable. In this context, the analyzed alternative may be able to 
reduce the dependence of the system on large scale hydrogen storage, a not-yet widely deployed 
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technology. Further research on flexibility options in copper production can assist in identifying 
further cost reductions of full-renewable energy systems. 
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Tuesday, August 20 
 
Tuesday Teck Safety & Plenaries 
Ballroom AB 
8:00 AM - Presentation 616565 
The future of the Chilean mining industry: Codelco’s projects and challenges  
Christian Dümmer 
 
ABSTRACT As the largest copper producer (and second molybdenum producer) worldwide, 
operating a diverse array of assets ranging from century-old mines to smelters to state-of-the-art 
processing plants, Codelco (the National Copper Corporation of Chile) holds a unique vantage 
point from which to assess where the Chilean mining industry is headed. This presentation will 
describe Codelco’s projects and the main challenges it faces in laying the groundwork for the 
next 50 years of operation.  
 
8:30 AM - Presentation 616558 
Copper Industry Development in China 
Jia Mingxing 
 
ABSTRACT In recent years, the non-ferrous metals industry, as a significant pillar of China, 
has undergone a rapid development along with the high-speed growing of China national 
economy. The production of top ten commonly used non-ferrous metals has ranked first for 16 
consecutive years, from 7,838,100t in 2000 to about 55,000,000t in 2015, which accounts for 
nearly half of world output. China has become a big power in the global non-ferrous metals 
industry. As for the copper industry, it is coming into a new era of development on the basis of 
innovation, after long terms of introduction, digestion and absorption of foreign advanced 
technology. At present, China is the world's largest copper producing and consuming country, in 
which most copper smelting technologies are applied. 
 
9:00 AM - Presentation 593569 
Global Copper Value Chain Challenges 2020-2025: A Quantitative Perspective 
Carlos R. Risopatron, International Copper Study Group 
 
ABSTRACT The paper starts with a global overview of copper concentrates production and 
trade trends and challenges related to copper ore grades and impurities, mainly on arsenic and 
mercury. A discussion on the international trade of recycled copper as a raw material for copper 
smelters, and the impact of international trade bans to waste is presented. Then a review of the 
global situation and perspectives of copper smelter and refined production from concentrates and 
from scrap, with information on different strategies to capture and process emissions and dispose 
hazardous metals, recovering valuable by products in different regions is discussed. A review of 
the available data on demand  
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and on use of refined copper and direct melt of recycled copper scrap is discussed for different 
fabricated products, including copper and alloy wire rod, tube, flat rolled products , brass mills 
and foundry castings. A discussion of the existing data on global copper and copper alloy 
fabrication capacity is followed by a discussion on the situation of the wire and cable industry, 
that remains the major user of copper wire rod. Recent trends and perspectives for traditional and 
emerging copper end uses, and risks of end use substitution are identified. Finally a review of 
regulatory trends affecting the copper industry in recent years and in the future is presented. 
Some conclusions about the main challenges and opportunities for the global copper industry 
value chain and actors are presented.  
 
9:30 AM - Presentation 616562 
An evaluation of antimicrobial efficacy and durability of Cu surfaces in healthcare  
Elizabeth Bryce, Division of Medical Microbiology and Infection Prevention, Vancouver Coastal 
Health and 2Department of Pathology and Laboratory Medicine, UBC 
Tysha Donnelly, VGH 
Hamed Akbari Khorami, University of British Columbia 
Titus Wong, VCHRI, Lions Gate Hospital, Vancouver General Hospital 
Richard Dixon 
Billie Velapatino 
Edouard Asselin, UBC 
 
ABSTRACT Project Objectives: To assess whether, over time, varying formulations of Cu-
bearing materials used on healthcare high-touch surfaces differed in their a) antimicrobial 
efficacy, b) durability, c) ability to produce antimicrobial resistance and, d) materials 
compatibility with disinfectants. Background: The increasing interest in the use of Copper (Cu) 
alloys on high-touch patient room surfaces and hospital equipment as a mitigation strategy to 
reduce healthcare-acquired infections has resulted in the development of a variety of Cu 
formulations for use in the healthcare setting. These can be classified into three categories 
according to how the Cu has been applied: a) integral where Cu is the primary material (metallic 
Cu or Cu alloys); b) composite where Cu alloy is embedded with a polymer composite; and c) 
spray applications that cover a device or furnishing surface (Cu alloy-containing coatings). 
Healthcare purchasing costs for high-touch surfaces can be considerable and whether or not to 
invest in Cu surfaces also depends upon a) antimicrobial efficacy; b) durability; and c) 
compatibility with hospital disinfectants and cleaners. We conducted a clinical and a laboratory 
assessment of three different Cu formulations assessing the effect of cleaning and disinfection 
over one year of use and the impact on antimicrobial efficacy. Methods: Four hospitals 
participated in the clinical evaluation. Cu coupons and stainless steel controls were embedded in 
food-grade gaskets adhered onto surfaces in the microbiology laboratory and on clinical 
equipment on the in-patient wards. Coupons were assessed for wear, corrosion, and microbial 
bioburden every three months for one year. The laboratory evaluation was conducted in the 
Vancouver General Hospital Medical Microbiology laboratory. The United States Environmental 
Protection Agency draft protocol for assessing the antimicrobial effect of Cu was adapted to a) 
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more accurately reflect the types and concentrations of cleaner/disinfectants used in healthcare; 
b) align with healthcare protocols for assessment of the mechanical activity of cleaning; and c) 
document changes in mass, morphological changes by SEM, chemical composition by EDS, and 
surface roughness alteration using profilometry - all over one year of simulated use. Results: A 
total of 840 coupons (360 in the laboratory and 480 on clinical equipment) were installed. One 
coupon was lost from the laboratories (0.2%) and 103 (21%) from clinical areas. Gram negative 
organisms accounted for only 2.2% (67/3114) of the organisms retrieved. There was significantly 
less growth on all Cu products compared to stainless steel from clinical equipment, but no 
significant difference in growth in the laboratory coupons as the counters are cleaned and 
disinfected several times a day. Laboratory evaluation revealed that P.aeruginosa (gram negative 
bacteria) was more susceptible to the effects of Cu than S.aureus (gram positive bacteria). 
Integral and spray-on formulations had the greatest antimicrobial activity against P.aeruginosa. 
None of the formulations met sanitizer claims for S.aureus; the integral product was the most 
efficacious and most durable product overall. Conclusion: While all formulations did exhibit 
low-level sustained antimicrobial activity over time, gram positive organisms have reduced 
susceptibility to Cu. Integral products were most durable, followed by spray-on formulations. It 
may be prudent to focus application of Cu on areas where gram negative organism transmission 
risk is higher while continuing to assess the formulations for wear, appearance over time, and 
installation/maintenance costs. 
 
Copper 2019: Downstream Fabrication & Applications 
Fabrication and Application - Chair, Xujun Mi 
Meeting Room 14 
10:25 AM - Presentation 594057 
The Simulation and Analysis on Die Casting Process of Copper Rotors 
Dong Liang, International Copper Association 
Jingyuan Bai, School of Materials Science and Engineering, Northeastern University of China 
Ning Wang, School of Materials Science and Engineering, Northeastern University of China 
Renguo Guan, Northeastern University 
Sheng Zhou, International copper association 
 
ABSTRACT Squirrel cage induction motors are the mostly used motors at present. Currently, 
the rotors of the squirrel cage induction motors are produced by aluminum die casting technique 
with the advantages of low cost of rotors. It is well known that the copper’s electrical 
conductivity is around 40% higher than that of aluminum. If copper is used to replace the current 
widely used aluminum in rotors, the total loss of motors will be reduced, hence increasing the 
overall motor efficiency. Copper rotors can be used to produce high efficiency and even super 
premium efficiency motors without enlarge the motor frame size. Considering the huge quantity 
of motors, the die casting process is the best solution to produce copper rotor with economic 
cost. Because of the characteristics of copper, it is difficult to produce copper rotors by casting 
similar to that done in aluminum rotors. In order to improve the die casting quality of copper 
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rotor, a new tooling structure was developed and the casting process of copper rotor was 
simulated and analyzed by Any-casting software. The filling process, solidification process, 
inner gas distribution and residual melt modulus were analyzed. It was found that the design of 
symmetrical runner and inner runner on both sides was helpful to reduce the impact of molten 
copper to the cavity surface during the filling process. The use of Slag traps array can reduce die 
casting defects inside the end rings. That will be helpful to improve the rotor quality. 
 
11:15 AM - Presentation 589138 
Cu – Ni Concentration Gradient Alloy for Antimicrobial Efficacy Testing 
Hamed Akbari Khorami, University of British Columbia 
Elizabeth Bryce, Division of Medical Microbiology and Infection Prevention, Vancouver Coastal 
Health and 2Department of Pathology and Laboratory Medicine, UBC 
Titus Wong, VCHRI, Lions Gate Hospital, Vancouver General Hospital 
Richard Dixon, coalition for healthcare acquired infection reduction 
Tysha Donnelly, VGH 
Edouard Asselin, UBC 
Billie Velapatino 
 
ABSTRACT A copper–nickel concentration gradient alloy was designed and fabricated through 
a powder metallurgy (PM) process. Copper and nickel powders were mixed with different weight 
ratios from 0 to 100% copper in 10% increments. Each powder mixture was poured inside a 
cylindrical die and compacted between two punches using a hydraulic press machine at pressures 
up to 70 MPa, resulting in approximately 1 mm thick layers (discs) of pressed Cu–Ni powder. 
These 11 Cu–Ni compacted powder layers, i.e. 0–100% Cu with 10% increments, were then 
compressed together with pressures up to 420 MPa to form a green part. The green part was 
sintered in a vacuum furnace at 1000 °C for 10 hours to form a solid mass (PM part) of Cu–Ni 
concentration gradient alloy. In the sintering process, Cu and Ni particles fused together and 
formed a single piece due to diffusion of the atoms across the boundaries of the particles. The 
diffusion of atoms also converted the stepwise concentration change into a uniform concentration 
gradient.  
 
11:40 AM - Presentation 588607 
Fabrication of Porous Copper and Porous Copper Based Alloys with Controllable Pore 
Structure 
Shen Gong, Central south University, 
Sangsang He, Central south University 
Yixuan Li, Central south University 
Zhou Li, Central south University 
Lairong Xiao, Central south University 
 
ABSTRACT Porous copper and porous copper based alloys with controllable pore structure 
have been manufactured successfully by sintering–evaporation process. This process consisted of 
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mixing copper or copper based alloys with NaCl powders, hot pressing and final high-
temperature sintering to evaporate the filler material of NaCl powders. NaCl was eliminated 
completely during vacuum sintering, and strong metallurgical bonding in the walls was achieved. 
The pores’ structural parameter (pore size, shape, and direction) and porosity can be controlled 
effectively. These porous copper and porous copper based alloys with controllable pore structure 
have great potential in many fields. Including heat dissipating materials, heat absorbing 
materials, chemical catalyst carriers, electromagnetic shielding materials, filtering materials, 
damping materials, silencing materials, battery electrode materials. 
 
Copper Alloys and Properties - Chair: Xujin Mi 
Meeting Room 14 
2:00 PM - Presentation 576572 
Effect of Cold Working on Microstructure and Performance of CuCrZr Alloys 
Shiha Huang, Jiangxi University of Science and Technology 
Hang Wang, Jiangxi University of Science and Technology 
Huiming Chen 
Weibin Xie, Jiangxi University of Science and Technology 
Hang Wang, Jiangxi University of Science and Technology 
Bin Yang, Institute of Engineering Research, Jiangxi University of Science and Technology 
Wei Huang 
 
ABSTRACT Cu-0.8Cr-0.1Zr alloy were prepared by atmospheric melting. the microstructure 
and properties of the CuCrZr alloy after first cold rolled, solid solution, second cold rolled and 
aging treatment were analyzed by using optical microscope, electrical conductivity analysis and 
Vickers hardness tester. The results show that with the increase of the first cold rolled 
deformation, the grain breakage becomes more serious, and the cold hardening becomes more 
obvious and the hardness increases. The conductivity and peak hardness of the first cold rolled 
(reduction of 30% and 60%) alloys after solution, secondary cold rolled and aging treatment 
reaches 81 %IACS and 187 HV, respectively. However, the conductivity in the CuCrZr alloy 
with a higher rolling degree (reduction of 90%) after solution, secondary cold rolling and aging 
treatment is significantly higher, and the conductivity and peak hardness is 85.8 %IACS and 178 
HV, respectively. 
 
2:25 PM - Presentation 594089 
Effect of Magnesium and Zirconium on Softening Behavior of Cr-Cr Alloy 
Lijun Peng, GRIMAT Engineering Institute Co., Ltd 
Haofeng Xie, GRIMAT Engineering Institute Co.,Ltd 
Guojie Huang, GRIMAT Engineering Institute Co.,Ltd 
Zhen Yang, GRIMAT Engineering Institute Co., Ltd 
Xue Feng, GRIMAT Engineering Institute Co.,Ltd 
Xiangqian Yin, GRIMAT Engineering Institute Co.,Ltd 
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Dongmei Liu, GRIMAT Engineering Institute Co., Ltd 
Xujun Mi, GRIMAT Engineering Institute Co., Ltd 
 
ABSTRACT The Age-hardening Cu-Cr alloys are extensively used in integrated circuit lead 
frame, railway contact wire, resistance welding electrode and continuous casting mold copper 
plate, owing to having an excellent combination of high electrical or thermal conductivity and 
high strength. High temperature performance is very important during the service process. Effect 
of Magnesium and Zirconium on softening behavior of Cr-Cr alloy by scanning electron 
microscopy (SEM) and transmission electron microscopy (TEM). During the softening process 
in the Cu-Cr alloy, the recrystallization and grain growth and Cr precipitates coarsening are 
observed. The addition of Mg or Zr to the Cu-Cr alloy, the resistance to elevated temperature can 
be significantly improved, owing to being restrained the growth of the precipitates by 
segregating along precipitates surface. 
 
 
2:50 PM - Presentation 594545 
Aging Properties of Cu-0.93mass%Ni-0.24mass%P Alloy Tube 
Wataru Inagaki, Muroran Institute of Technology 
Tetsuya Ando, Muroran Institute of Technology 
Kozo Kawano, UACJ corporation 
 
ABSTRACT Copper alloys are used in air conditioner and in hot-water suppliers as heat 
exchangers. However, there is a demand for new copper alloys to substitute the conventional 
phosphorus deoxidized copper in heat-exchanger tubes, due to the rise in the copper price and for 
the saving energy saving in the environmental load. Therefore, high-strength copper alloys have 
been developed for reducing the wall thickness, but the crystal grain coarsening while brazing at 
about 1050 K during the assembly process can cause a decrease in the material strength. The Cu–
Ni–P alloys has been reported as a typical precipitation-hardening material, with the strength 
increased by the brazing. Thus, the Cu–Ni–P alloys is expected to be an alternative material for 
heat exchanger tubes. However, only a few studies have systematically investigated the 
precipitation hardening in this alloy. Therefore, this study focused on the effects of isothermal 
artificial aging and a heat treatment simulated brazing on the mechanical properties of the Cu–
Ni–P alloy. The thermal analysis of this alloy was performed on the sample after solution heat 
treatment at 1123 K for 1.8 ks using differential scanning calorimetry(DSC), and exothermic 
peaks were observed at approximately 498 and 630 K. The condition of an isothermal artificial 
aging at 498 K was selected based on the DSC thermogram because there were no similar data in 
previous studies. According to the Vickers hardness test, the peak hardness after aging for 10.8 
ks was approximately 130 HV, which is greater than those reported in previous studies. 
Furthermore, the tensile strength of the peak hardness specimen was shown about 260 MPa, 
which is higher than that of the solution heat-treated sample, while their values of nominal strain 
till fracture were almost equal. These results reveal energy saving during production process. 
Spherical precipitates were observed by transmission electron microscopy. By considering also 
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the selected area diffraction patterns obtained in the previous study, these precipitates were 
estimated to be Ni5P4. Furthermore, the hardness of the sample after the heat treatment 
simulated brazing following the solution heat treatment was shown approximately 105 HV; after 
aging at 498 K for 43.2 ks following the heat treatment simulated brazing, it reached about 140 
HV. These results support the application of the proposed alloy to produce higher-strength tubes 
as heat exchangers after brazing in furnaces. 
 
3:15 PM - Presentation 586728 
High Performance Cu-Ti Alloy Wires Prepared by Over-aging and Intense Cold-Drawing 
Satoshi Semboshi, Institute for Materials Research, Tohoku University 
Yusuke Kadoi, Institute for Materials Research, Tohoku University 
Yasuyuki Kaneno, Department of Materials Science, Osaka Prefecture University 
Takayuki Takasugi, Department of Materials Science, Osaka Prefecture University 
Naoya Masahashi, Institute for Materials Research, Tohoku University 
 
ABSTRACT Industrial age-hardenable Cu-Ti alloys are attractive for use in advanced electrical 
devices, such as conductive lead wires and suspension guide springs because their strength and 
stiffness are comparable to those of widely used Cu-Be alloys, although their electrical 
conductivity is inferior to the latter. Against recent background of downsizing and streamlining 
electrical devices, further enhancement in the mechanical and electrical properties of Cu-Ti 
alloys is required. In this study, we designed an optimal procedure to prepare Cu-Ti alloy wires 
with an excellent performance, by cold-drawing conventional peak-aged alloys as well as over-
aged ones.  
When drawing the peak-aged alloy rods, which exhibited the maximum hardness after aging and 
a low electrical conductivity, the strength of the wires increased rapidly in the initial stage of 
drawing but then saturated on further drawing. On the contrary, when drawing the over-aged 
alloy rod of inferior hardness but superior electrical conductivity, the strength increased steadily 
through drawing and eventually exceeded the value of the wires drawn from the peak-aged alloy. 
This enhancement of strength during drawing is thought to have originated from the 
microstructure of the over-aged parent alloy, which was dominated by coarse cellular 
components laminating the plates of a Cu solid solution and a stable β-Cu4Ti intermetallic 
compound, which precipitated discontinuously by grain boundary reactions. During drawing of 
the over-aged alloy rods, the microstructure progressed in the following sequence: Arrangement 
of β-Cu4Ti laminates from random to parallel to the drawing direction, reduction in the laminate 
thickness and inter-laminate distance, waving of the laminates, tearing of the laminates into 
nano-sized fibers, and then continuous refinement and dissolution of the fibers, which lead to an 
increase in the amount of solute Ti content in the matrix. It is also suggested that the fibers 
promote an increase in the dislocation density during drawing, not seen in the case of drawing 
from the peak-aged alloy. Also, the electrical conductivity of the wires drawn from the over-aged 
alloy was always much greater than that from the peak-aged alloy, although it decreased by 
intense drawing. As a result, the procedure of over-aging and then drawing intensely is able to 
enhance both the strength and electrical conductivity for Cu-Ti alloys, rather than the 
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conventional peak-aging and drawing process.  
 
Copper Alloys and Properties - Chair: Xujin Mi 
Meeting Room 14 
4:05 PM - Presentation 588901 
Mechanical Behavior and Strengthening Mechanism of Discontinuous Precipitation in Cu-
Ni-Mn Alloy 
Weibin Xie, Jiangxi University of Science and Technology 
Hang Wang, Jiangxi University of Science and Technology 
 
ABSTRACT Cu-Ni-Mn alloys had the huge potential in aerospace, energy and other areas and 
other high-tech fields due to excellent strength and elastic property. During the aging of the Cu-
Ni-Mn alloy, precipitation can occur either continuously or discontinuously, which results to the 
improvement of strength. In general, it is considered that discontinuous precipitation should 
cause the deterioration of material strength compared with continuous precipitation. However, 
the strength was increased significantly after discontinuous precipitation in Cu-Ni-Mn alloys. 
The strengthening mechanism of discontinuous precipitation was unclear. In this paper, the 
microstructure and mechanical properties of Cu-Ni-Mn alloys during aging treatment are 
investigated using hardness measurements, strength measurements, scanning electron 
microscopy, and transmission electron microscopy. More importantly, the strengthening 
mechanism of discontinuous precipitation was established quantitatively in Cu-Ni-Mn alloys. 
The results show that The combined effects of dislocation strengthening and precipitation 
strengthening were shown to a remarkably increase in the hardness and tensile strength was 
observed in Cu-25Ni-25Mn alloy during aging at 350 ℃. The hardness maximum (~500HV) is 
attained after aged for 48 h. there is a linear relationship between yield strength and volume 
fraction of discontinuous precipitation, which indicates that the increment of yield strength of 
Cu-Ni-Mn alloys during aging at 350 ℃ is attributed to the microstructure characteristics of 
discontinuous precipitation. The high strength of discontinuous precipitation is caused by the 
formation of nanoscale dual-phase structure in discontinuous precipitation. 
 
4:30 PM - Presentation 592319 
Interface and Bending Behavior of Cu/Al Composite Wires 
Zhen Yang, GRIMAT Engineering Institute Co., Ltd 
Haofeng Xie, GRIMAT Engineering Institute Co.,Ltd 
Lijun Peng, GRIMAT Engineering Institute Co.,Ltd 
Xue Feng, GRIMAT Engineering Institute Co.,Ltd 
Guojie Huang, GRIMAT Engineering Institute Co.,Ltd 
Xiangqian Yin, GRIMAT Engineering Institute Co.,Ltd 
Xujun Mi, GRIMAT Engineering Institute Co.,Ltd 
 



 
Tuesday, August 20 

60 
 

ABSTRACT Cu/Al clad composite wires combine the advantages of excellent conductivity and 
low weight, which has been widely used in automobile and aerospace. In this work, Cu/Al 
composite wires combined with Cu and Al have been prepared, and the interface evolution after 
annealing has been studied. The growth kinetics of IMCs (Intermetallic Compounds) has also 
been calculated to analyze the growth behavior of IMCs. The effect of various annealing 
condition on mechanical and electrical properties have been studied. Bending fracture of 
composite wires has been discussed by morphology observation.  
 
4:55 PM - Presentation 588753 
Microstructure, Physical and Mechanical Properties of Copper-Graphite Composites 
Fabricated by In-Situ Reaction Method 
Zhu Xiao, Central South University 
Rushi Chen, Central South University 
Zhou Li, Central South University 
 
ABSTRACT The copper-graphite metal matrix composites (MMCs) were prepared by an in-situ 
reaction method. The microstructure, relative density, hardness, electrical resistivity, and the 
compressive strength of the composites were investigated. Compared with copper-graphite 
composite prepared by traditional powder metallurgy, the new composite fabricated by the in-
situ method has finer microstructure and better mechanical properties. The brinell hardness is 
about 1.5-1.6 times higher and the compressive strength increases by 50-100 Mpa. This could be 
attributed to the in-situ reaction that occurs at the interface between copper and graphite 
particles, resulting in uniform distribution of the reinforcements in matrix and strong interfacial 
bonding between the matrix and the graphite particles.  
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Copper 2019: Electrowinning & Electrorefining 
Electrowinning Developments I - Chair: Mike Free 
Meeting Room 12 
10:25 AM - Presentation 599392 
The Historical Development of Electrolyte Additives and Their Specific Role and Influence 
on Cathode Quality 
J. Brent Hiskey, University of Arizona Dept. of Mining and Geological Engineering 
 
ABSTRACT At present, approximately 80 % of the worlds mine production of copper is 
achieved by smelting and electrorefining. The principle aim of copper electrorefining is to satisfy 
the large demand for extremely pure copper. It is remarkable that high quality copper cathodes 
with the required purity (99.99+% Cu, ASTM B115-10) and structural characteristics (i.e. 
deposit density and morphological texture) are produced from impure copper anodes dissolved in 
electrolytes containing a variety of impurities. This is accomplished with the proper control of 
operating parameters such as: current density; temperature; copper and sulfuric acid 
concentration; agitation; substrate preparation; and the application of electrolyte additives.  
 
The basic elements of the electrolysis of copper have not changed significantly over the past 150 
years since the early developments of James Elkington. Importantly, our fundamental 
understanding of the underlying electrochemistry has advanced considerably. This is especially 
true regarding our knowledge of the mechanistic role of additives during the 
electrocrystallization of copper. This is a very complex subject and modern electrochemical 
techniques and the development of surface characterization and imaging instruments has helped 
immensely in our ultimate understanding of how additives control the deposit structure and 
morphology.  
 
The purpose of this paper is to review the historical development and application of electrolyte 
additives in copper electrorefining and to examine our current knowledge regarding their use.  
 
11:15 AM - Presentation 581092 
Copper Electrowinning: 2018 Global Survey of Tankhouse Operating Practice and 
Performance 
Kathryn C. Sole, Kathryn C. Sole Consulting 
Michael S. Moats, Missouri University of Science and Technology 
Scot Sandoval, Freeport-McMoRan Mining Company 
Tim Robinson, Outotec 
William G. Davenport, University of Arizona 
 
ABSTRACT Global practice in hydrometallurgical production of copper cathode by 
electrowinning is reviewed, based on individual plant operating data for 2018. Data from 29 
plants were collected, representing 38% of world cathode copper production. Similar surveys 
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were carried out in 1997, 1999, 2003, 2007, and 2013. This survey includes analysis of historical 
and current data. Evolving trends in operating conditions and performance, as well as equipment 
design and process technology choices, are analysed and differences in operating practices with 
location are assessed. Examples of recent technology and operational choices to increase 
productivity, improve copper quality, and decrease electrical energy consumption are discussed. 
Significant project expansions, particularly in Africa, and the consolidation of numerous small 
Chinese operations are also presented. 
 
11:40 AM - Presentation 594865 
Copper Electrowinning Developments at Glencore Nikkelverk 
Torjus Åkre, Glencore Nikkelverk AS 
Ernst Rosseland, Glencore Nikkelverk AS 
 
ABSTRACT Glencore Nikkelverk is operating its Chlorine Leach Process in Kristiansand, 
Norway, producing nickel, copper and cobalt metals by electrowinning. The copper tankhouse, 
with an annual capacity of 40 000 tons, is based on traditional technology with copper starting 
sheets and cast lead anodes. Due to the integration of this copper sulphate process in a nickel 
chloride refinery, operating conditions are unique. 
 
In recent years, operating costs have escalated, and health, safety and environment are top 
priorities. Test work on a new copper process involving permanent cathodes was therefore 
initiated in 2007, and a pilot plant was started up in 2012. The objective was to introduce 
innovative technologies and tailor these to be robust in the Nikkelverk process, to form a basis 
for a new sustainable copper tankhouse with a high degree of automation. 
 
Key learnings from more than 10 years of R&D work is presented, focusing on cathode materials 
and copper metal deposition including product quality, robotic stripping, coated titanium anodes, 
electrode contacts and alignment, electrode current monitoring with Hatch HELM tracker 
technology and acid mist capture using cell hoods with off-gas scrubbing. The new copper 
tankhouse project was approved in December 2018, and commissioning is planned in 2022. 
 
Electrowinning Developments II - Chair: Mike Moats 
Meeting Room 12 
2:00 PM - Presentation 594788 
Investigation of Permascand Coated Titanium Anodes in Copper Electrowinning at 
Glencore Nikkelverk 
Dr. Susanne Holmin, Permascand AB 
Torjus Åkre, Glencore Nikkelverk AS 
Åsa Afvander, Permascand AB 
John Gustavsson, Permascand AB 
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Ernst Rosseland, Glencore Nikkelverk AS 
Erik Zimmerman, Permascand AB 
 
ABSTRACT There are numerous advantages in replacing lead-based anodes with mixed metal 
oxide (MMO) coated anodes in copper electrowinning; for example, lower energy consumption, 
improved working conditions for operators and less environmental impact. Since 2012, 
Permascand AB in Ljungaverk, Sweden has evaluated Permascand coated titanium anodes in 
copper electrowinning pilot trials at Glencore Nikkelverk in Kristiansand, Norway. The 
investigation has proceeded in three different steps (Phase I, II and III). In Phase I, different 
Permascand coatings, electrode structures and coating methods were investigated. The results 
showed that improved current distribution, lower energy consumption and longer service life 
could be obtained with expanded mesh electrode structure in a box configuration compared to 
rod anodes in a single-mode construction. In addition, improved current distribution and less 
coating wear was found when electrostatic spray coating was used instead of brush (manual) 
coating. It was also found that the extrapolated service life from controlled lab experiments at 
200 A/m2 was much shorter compared to what was experimentally obtained in copper 
electrowinning pilot trials at similar current densities. This was mainly attributed to different 
coating failure mechanisms in lab and industrial copper production. 
 
2:25 PM - Presentation 592622 
Advancements in Commercialization of De Nora’s “Self-Protected Anode - SPA” for Metal 
Electrowinning 
Paolo Perrone, Industrie De Nora 
Luciano Iacopetti, Industrie de Nora S.p.A. 
Michele Perego, Industrie De Nora 
Alice Calderara, Industrie De Nora 
Takashi Furusawa, De Nora Permelec Ltd 
 
ABSTRACT De Nora, a global leader in the development, manufacture and sale of all titanium 
mixed metal oxide (MMO) anodes for electrochemical processes, will present key advancements 
made to Self-Protected Anodes (SPA) for metal electrowinning. During the last years pre-
commercial demonstration cells were operated in industrial environment. The program’s focus 
was to fully demonstrate the SPA anode’s superior mechanical and electrochemical robustness 
during normal and induced dendrite shorting occurrences while providing quality of plating in 
commercial operation. 
De Nora specialists focused on key components, in particular the engineering of the self-
protection system and DSA® catalyst formulation capable to cope with high levels of pollutants 
while providing long service life in the meantime (DSA® is a trademark of Industrie De Nora 
S.p.A., Italy).  
The results of the field trials confirmed the expected anode performance and enabled the 
selection of the most suitable “SPA” structure, based on resistive protective elements. 
Summarizing the economic benefits to copper electrowinning tankhouse operation with De 
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Nora’s self-protected all titanium DSA® anodes are: 
1) Double-digits power savings 
2) Cobalt-free electrolyte operations 
3) Minimal dendrite shorting damage incurred at the SPA anode 
4) Smoother, uniform cathode deposits with tangible improvement on current efficiency 
5) Tankhouse operations producing lead-free copper quality cathodes, in addition to elimination 
of lead waste for improved operator health and environment 
 
 
2:50 PM - Presentation 595646 
Arsenic Codeposition During the Initial Phases of Nucleation and Growth on Stainless 
Steel in Normal Copper Electrowinning Conditions 
Florian Verbruggen, Ghent University / Umicore R&D 
Erika Fiset, Ghent University 
Antonin Prévoteau, Ghent University 
Korneel Rabaey, Ghent University 
Tom Hennebel, Umicore R&D / Ghent University 
 
ABSTRACT Arsenic (As), bismuth (Bi) and antimony (Sb) are known to affect the quality of 
copper deposits in copper electrowinning operations. The codeposition of As was previously 
believed to occur only at current densities far exceeding the range of typical current densities for 
copper electrowinning. In this study, we investigate the copper electrodeposition on different 
pretreated stainless steel (SS) substrates from bleed electrolyte in galvanostatic mode at –45 
mA/cm². Scanning electron microscopy (SEM) micrographs illustrate that during the initial 
phases of copper nucleation and growth, the current density was locally increased due to the 
pretreatments. It was reasoned that the codepostion of As could possibly occur in normal 
electrowinning conditions, but the risk can be substantially reduced by good SS substrate 
handling and maintenance practices. 
 
3:15 PM - Presentation 594034 
The Effect of Impurities on a Copper Starter Sheet Electrowinning Operation 
Karen Voogt, Anglo American 
Johann HWM. Brits, Anglo American 
Max Pelser, Anglo American Platinum 
Helgard J. Gous, Anglo American Platinum 
 
ABSTRACT The effect of impurities; iron and selenium, on current efficiency and deposit 
quality in copper electrowinning was investigated using an at-line cell at the Rustenburg Base 
Metals Refiners’ Copper Tankhouse. The tankhouse is a direct leach, starter sheet electrowinning 
operation with a unique electrolyte composition. The effect of iron on the current efficiency in 
the at-line cell was found to be less severe than reported in literature. However, the distinction 
between the chemical impact of iron on current efficiency and the physical impact of iron on a 
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starter sheet operation needs to be realised. The effect of selenium on current efficiency and 
deposit quality is also reported.  
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Electrorefining Operations II - Chair: Deniz Bas 
Meeting Room 14 
2:00 PM - Presentation 595521 
A Contemporary Approach to an Age Old Process, Using Robotics to Strip Starter Sheets 
for Use in a Conventional Copper Refinery 
Tracy T. Morris, ASARCO LLC 
Rodrigo Madariaga, MIRS USA | Mining & Heavy Industry Robotics 
 
ABSTRACT The practice of stripping copper starter sheets off of titanium blanks to be used in a 
conventional electrolytic tankhouse has been around since the advent of Electrometallurgy. 
Historically it has been done manually, utilizing many people to produce in some cases 
thousands of starter sheets a day. Some of the other conventional tankhouses have successfully 
converted to using mechanical means to strip starter sheets or have made the switch to permanent 
cathodes and even though robotics have been around for quite some time they have not been 
used to strip starter sheets until recently. The Amarillo Copper Refinery began using robotics to 
strip several years ago and the details to how this came about and how the robots work will be 
described.  
 
2:25 PM - Presentation 592998 
Recent Operational Improvements at Saganoseki Electrorefinery 
Atsuki Sado, Pan Pacific Copper Co., Ltd. 
Akira Ueno, Pan Pacific Copper Co., Ltd. 
Kunio Watanabe, Pan Pacific Copper Co., Ltd. 
Kazuaki Takebayashi, Pan Pacific Copper Co., Ltd. 
 
ABSTRACT The Saganoseki Refinery of Pan Pacific Copper Co., Ltd., Japan, introduced the 
ISA 2000® process in 2006 to improve product quality and productivity. After resolving various 
technical difficulties associated with the process, a current density of 325 A/m2 and electrolytic 
copper production of 234 000 tons per year were realized in 2018. In recent years, Saganoseki 
Smelter & Refinery has promoted treatment of recycled materials in addition to copper 
concentrates. Accordingly, the amount and type of impurities charged to the smelting process has 
tended to increase. In the electrorefining process, impurities such as nickel and antimony cause 
anodic passivation and formation of suspended solids. Although these undesirable phenomena 
can be avoided by controlling impurity concentrations in the anode and electrolyte to appropriate 
ranges, this also limits the choice of recycled materials that can be processed by the smelter. To 
achieve both stable operation of the electrorefining process and flexibility in treatment of 
recycled materials in the smelting process, Saganoseki Refinery improved the capacity of the 
impurity recovery process during 2016 to 2018. This paper describes the expansion of the 
purification plant to remove and recover nickel and antimony. 
 
2:50 PM - Presentation 594884 
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Root-cause Analysis of Lacy Copper Phenomena 
Ana Rodriguez. Almansa, Atlantic Copper S.L.U 
Francisco Jimenez, Atlantic Copper S.L.U. (Freeport Mc-Moran company) 
Guillermo Ríos, Atlantic Copper 
Rafael Ramírez Villalobo, Atlantic Copper 
Nigel Aslin, Glencore Technology 
 
ABSTRACT Lacy copper has been an on-going concern at Atlantic Copper for at least 10 years 
and was first reported to Glencore Technology in mid-2010. Over the past 12 years, many of the 
plates were replaced due to age and general deterioration however, plate passivation and lacy 
copper issues have persisted. 
Surface refurbishment was initially carried out by linishing the plates and this was found to 
temporarily eliminate the lacy copper. Plate linishing eliminates lacy copper in the short term but 
with the existing operation conditions, re-linishing was required every 4-6 months. This is 
operationally expensive and likely to be harmful to the long-term longevity of the plates. 
After analyzing all the possible causes of this phenomena, it was found that the problem is 
caused by a degradation of stainless steel as a consequence of the deposition of Sb oxides. These 
deposits act as passivating agents of stainless steel, which reduces the density of copper nuclei, 
causing defective copper deposit, with low thickness and ductility. 
After doing several tests for reducing/removing the phenomena, the over-riding factor was found 
to be the anode-cathode overlap. An adequate overlap eliminates the problem of "lacy copper". 
This was verified during an eight month trial with anodes extended 2.5cm in length. Longer 
anode not only avoids the appearance of lacy copper, but also recovers cathodes that already 
have lacy copper. On the other hand polishing of plates only gives rise to a temporary solution 
that requires on-going polishing, to avoid the re-appearance of lacy copper. 
 
3:15 PM - Presentation 595381 
Freeport Mcmoran El Paso Refinery Electrolyte Managment 
Bradford C. Wesstrom, Freeport McMoRan 
Blanca Olave, Freeport McMoran El Paso Refinery 
Adriana Ramirez, Freeport McMoran El Paso Refinery 
 
ABSTRACT The Freeport McMoRan El Paso Copper Refinery optimizes electrolyte quality 
using a number of systems. The facility controls copper, arsenic, antimony and bismuth using 
electro-winning cells within the Tank House and Nickel Carbonate Plant Liberator Circuit 
(NCP). It manages sulfuric acid content utilizing recycled electrolyte in the slimes autoclave as 
well as operation of the Acid Purification unit, APU, at NCP. The El Paso Refinery removes 
common sulfates using metal hydrolysis with sodium carbonate. Finally, a Mechanical Vapor 
Recompression, MVR, at the water recovery plant removes sodium sulfate generated by the 
NCP. This paper will provide a summary of operations. 
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Electrorefining Operations III - Chair: Deniz Bas 
Meeting Room 14 
4:05 PM - Presentation 606676 
High Current Density Operation at Toyo Tank House 
Kazumi Takenaka, Sumitomo Metal Mining co.,ltd 
Tomoaki Yoneyama, Sumitomo Metal Mining co.,ltd 
Satoshi Matsubara, Sumitomo Metal Mining co.,ltd 
Yohei Yamaguchi, Sumitomo Metal Mining co.,ltd 
Masaru Takebayashi, Sumitomo Metal Mining Co.,Ltd. 
 
ABSTRACT The cathode production of the Toyo Smelter & Refinery, Sumitomo Metal Mining 
Co.,Ltd. reached 450,000 tons per year in 2016 with three tank houses. The Niihama tank house 
commenced operations in 1919 with conventional sheet cathode technology. Approximately 100 
years of operation experience and the technical development enabled that the current density of 
Niihama tank house and the Toyo tank house #1 reached up to 320A/m2. These operation 
techniques were utilized at the Toyo tank house #2 which started in 2005, and its current density 
reached up to 350 A/m2 with permanent cathode technology. 
In order to achieve high current efficiency under condition of 350 A/m2 operation at Toyo tank 
house #2, continued efforts had been made to verticality of anodes and permanent cathodes. To 
improve verticality of anodes and cathodes, it allowed reduction of short circuit rate with 
changing of anode shape, optimizing anode pressing machine and off-line process which 
rectified the distortion of permanent cathodes. In addition, concentration control of electrolyte 
and expansion of Ni removing ability from the electrolyte prevented passivation.  
Finally, more than 96% of the current efficiency was stably confirmed. 
 
4:30 PM - Presentation 593955 
Recent Improvements at Tamano Refinery 
Soichiro Nakayama, Hibi Kyodo Smelting Co., Ltd. 
Masakazu Fujihara, Hibi Kyodo Smelting Co., Ltd. 
Makoto Narita, Hibi Kyodo Smelting Co., Ltd. 
Yasukatsu Sasaki, Hibi Kyodo Smelting Co., Ltd. 
 
ABSTRACT Hibi Kyodo Smelting Co., Ltd. was founded in 1968 and celebrated its 50th 
anniversary in 2018. In 1972, we started producing copper cathode with a production capacity of 
84 KTPY. Since the company founding, we have undertaken seven expansion projects, and our 
current copper-cathode production capacity is 290 KTPY. To increase our production efficiency, 
two tank houses were converted from Conventional process to ISA process in 2006 and 2014. In 
another investment, we equipped a continuous glue dosing system, which allowed for strict 
additive-concentration control, yielded quality improvements and reduced the power-
consumption rate. Along with an increase in the production of copper cathode, the amount of 
impurities eluted from the anode increases. To solve this problem, the chelate-resin purification 
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process that was introduced in 1983 was renovated, and impurities could be recovered more 
efficiently. In this paper, we report various improvements that have been implemented at the 
refinery since 2000. 
 
4:55 PM - Presentation 595425 
Freeport Mcmoran El Paso Refinery Steam Control 
Bradford C. Wesstrom, Freeport McMoRan 
Ricardo Parra, Freeport McMoran El Paso Refinery 
 
ABSTRACT The Freeport McMoRan El Paso Refinery uses co-generation to produce some of 
its electricity and all of its steam for many years. This paper will cover the operation of the co-
generation plant natural gas turbine at a fixed RPM for blade longevity and energy output. The 
by-product heat from the turbine passes through boilers with additional heat from a duct burner 
to produce steam for the Tank House and auxiliary operations. The steam demand varies 
dramatically throughout the day based on unloading activities in the Tank House. The use of an 
automated steam control system within the El Paso Refinery will help stabilize line pressure by 
incrementally controlling steam consumption based on electrolyte temperature. This will 
minimize steam line pressure fluctuations. 
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150 years of Copper ER II - Chair: Fariba Safizadeh 
Meeting Room 12 
4:05 PM - Presentation 601125 
Copper 150 Th Spread of the Technology 
Phillip Mackey, P.J.Mackey Technology Inc. 
 
ABSTRACT Copper refining technology spread 
The specimen of cathode copper dated 1880 in the Percy Collection of the Science Museum, 
London was produced in the world’s first copper electrorefinery located at Pembrey in South 
Wales, based upon the only known application of jar-cell technology patented by James 
Elkington in 1869. Drill samples were taken and assayed by ICP-MS for a total of 23 impurity 
elements, of which 12 were considered significant for study. Their average aggregate value is 
about 20ppm, which compares very favourably with about 23ppm for the same impurities in 
typical modern cathode. The average silver assay, 2.9 ppm Ag, is very low by modern standards, 
indicating that the anode was unusually low in silver, possibly associated with low levels of Pb 
and Sb and relatively high levels of As and Bi. This unusual combination of anode impurities 
coupled with exceptional cathode purity are discussed in relation to contemporary conditions in 
the Welsh copper industry.  
 
4:30 PM - Presentation 595038 
Chuquicamata: Quality Challenges Throughout 100 Years of Copper Electrorefining and 
Electrowinning 
Juan Carlos Salas, Pontificia Universidad Catolica de Chile 
Ricardo A. Weishaupt, Codelco Chile 
Jaime A. Guzman, Codelco Chile 
 
ABSTRACT The origins of the electrorefining process date back to 1869, when the first ER 
cathodes were produced at Pembrey, South Wales. By the time that Pembrey was closing down, 
Chuquicamata tankhouse was under construction, initiating in 1915 a long history of electrolytic 
cathodes production. Initially electrowon cathodes and later electrorefined cathodes were 
produced. During the history of Chuquicamata tankhouse, there have been several challenges 
associated with the quality demanded for electrolytic copper. Among them, the transformation 
from electrowinning to electrorefining in 1952, the onset of the direct commercialization of ER 
cathodes and the phase out of wire bars in the 80s, several technological changes including the 
implementation of permanent cathodes, and certainly the constant increase in complexity of the 
anodes refined. 
This paper explores the manner in which Chuquicamata has addressed these challenges and 
examines its links to process characteristics, which have been necessary to maintain a product 
quality according to market requirements and a brand, “CCC”, that is widely recognized 
worldwide. 
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Copper 2019: Hydrometallurgy 
Pressure Oxidation - Chair: Cinziana Sist 
Meeting Room 9 
10:25 AM - Presentation 594847 
Pressure Leaching of Copper-Cobalt-Zinc Containing Calcine – Outotec Pressure 
Oxidation Process 
Kaarlo Haavanlammi, Outotec (Finland) Oy 
 
ABSTRACT Cobalt is a critical metal at the moment because of the increasing amount of 
electrical vehicles. Copper and zinc are base metals that are used in many applications of 
everyday life, also in vehicles. Eti Bakir Co. Mazidagi Phosphate Plants are established in the 
district of Mazidagi in Mardin in Turkey. The plant is multiproduct facility that also produces 
fertilizers and also cobalt, copper and zinc from the roaster calcine. Roaster off gas is treated in 
sulphuric acid plant and the acid itself is utilized in the fertilizer production. The comminution 
circuit, roasting, SAP and calcine leaching process were developed by Outotec and integrated to 
the fertilizer production process that was implemented by Eti Bakir A.Ş. This paper describes the 
Hydrometallurgical Calcine Leaching Process at the plant. Focus is put to the oxidative pressure 
leaching of the Co, Zn and Cu containing calcine. The cold-and hot commissioning phases of the 
pressure leaching autoclave start-up are discussed together with the experiences from the ramp-
up period. The end products, copper cathode, cobalt- and zinc carbonate production processes are 
also presented together with some of the plant operating parameters. 
 
10:50 AM - Presentation 594003 
Effectiveness of Leaching Conditions in the Selective Extraction of Copper from Copper 
Concentrates Containing High-Arsenic Under High Pressure Oxidative Leaching 
Atsushi Shibayama, Akita University 
Altansukh Batnasan, Akita University 
Kazutoshi Haga, Akita University 
 
ABSTRACT Copper sulfide minerals, such as chalcopyrite (CuFeS2), chalcocite (Cu2S) and 
covellite (CuS) are used for production of copper in mining and metallurgical industries 
throughout worldwide. However, the degradation of copper proportion and an increase in arsenic 
content in copper minerals create lot of complications to further processing on the copper 
production. In this study, the dissolution behaviors of copper and arsenic from five different 
copper concentrates, which consist of chalcocite, enargite, chalcopyrite, pyrite and quartz as 
main minerals, were investigated under high pressure oxidative leaching conditions. The 
concentrates contain 21-34.7 mass% of Cu, 1.3-7.3 mass% of As and 15.6-27.5 mass% of Fe. 
Leaching experiment was carried out using different leaching agents such as ferric sulfate, 
sodium chloride, deionized water and ferric sulfate-sodium chloride mixture in order to compare 
the effectiveness of the leaching agents in leaching of copper and arsenic from the copper 
concentrates. Effect of the concentration of ferric sulfate (0.1-1 mol/L), concentration of sodium 
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chloride (0.1-0.5 mol/L) and leaching temperature (100-180°C) were investigated under the fixed 
conditions: pressure in an autoclave of 1 MPa, particle size of >45 um, pulp density of 100 g/L, 
stirring speed of 750 rpm and leaching time of 60 min. Comparison of effectiveness of leaching 
agents and reagents concentrations showed that 0.34 mol/L sodium chloride solution and a 
mixture of 0.1 M ferric sulfate and 0.34 M sodium chloride solutions were more effective 
extracted copper (> 94%) from the copper concentrates while the As extraction did not exceed 
7%. The dissolution of Cu and As from a concentrate containing 30.2 mass% Cu, 17.3 mass% Fe 
and 6.7 mass% were low that other concentrates due to the content of tennantine in the 
concentrate.  
Copper was selectively dissolved in 0.1 M Fe2(SO4)3 solution in the presence of 0.34 M NaCl 
with 13-30 g/L concentration from the different copper concentrates at optimal conditions, which 
were the pulp density of 100 g/L, particle size of -45 um, pressure of 1 MPa (vapor pressure and 
oxygen gas pressure), stirring speed of 750 rpm, leaching time of 60 min at 160°C, while the 
concentration of As and Fe were in a range between 0.3-1 g/L and 0.2-10 g/L in the solution, 
respectively.  
 
11:15 AM - Presentation 594492 
The Behaviour of Arsenic Under Medium Temperature Oxidation 
Robert T. Seaman, Teck Resources Limited 
 
ABSTRACT There are several hydrometallurgical alternative processing options in 
development for high enargite and arsenic contaminated copper concentrates ranging from 
biological, atmospheric, medium temperature oxidation to total oxidative leaching. The most 
developed of these options is the CESL process boasting pilot campaigns totaling more than 
8760 hours of fully integrated continuous operation, as well as, over two thousand batch scale 
oxidation tests performed on dozens of concentrates for flowsheet development. This paper 
reports the observed deportment of arsenic under varying arsenic, iron and acid oxidation 
conditions; as well as, the impact of iron to arsenic ratios and residue recycle on overall arsenic 
behavior and its stability in residue. 
 
11:40 AM - Presentation 589339 
Low-Grade Copper Concentrate Purification and Enrichment by Complex Pressure 
Oxidation – Hydrothermal Alteration Technology 
Ilia Fomenko, SRC Hydrometallurgy 
Mikhail Pleshkov, SRC Hydrometallurgy 
Yakov Shneerson, SRC Hydrometallurgy 
Alexander Shakhalov, Kazakhmys Corporation 
Erzhan Ospanov, Kazakhmys Corporation 
Stanislav Naboychenko, Ural Federal University named after the first President of Russia B. N. 
Yetlsin 
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ABSTRACT Low-grade copper concentrates (with copper content less than 20%) often contain 
impurities such as arsenic, zinc, lead, mercury, antimony and bismuth. The pyrometallurgical 
treatment of such concentrates is associated with several problems, which will ultimately affect 
the cost and the quality of copper cathodes as well as by-products.  
 
SRC Hydrometallurgy proposed a complex hydrometallurgical technology which allows the 
removal of impurities and the enrichment of low-grade copper concentrates to a quality which 
will be more suitable for pyrometallurgical processing. Laboratory batch tests and pilot plant 
results for the pressure leaching steps are shown in this paper. The key parameters of the 
leaching steps were determined and optimized. The quality of possible by-products were also 
determined.  
 
The developed flowsheet includes two pressure leaching steps: pressure oxidation (POX) and 
hydrothermal alteration (HTA). Both operations are carried out at 170°C with subsequent 
flotation of POX and HTA residues and recovery of copper, zinc and lead into separate 
concentrates for further processing. The development of the flowsheet was based on the 
Balkhash Zinc Plant (Balkhash, Kazakhstan), which had been non-operational since 2009. The 
developed flowsheet for processing of low-grade concentrates will utilize 80% of the existing 
equipment of the Balkhash Zinc Plant, thus leading to a significant reduction in required capital 
expenditure.  
 
Copper Technology and Innovation - Chair: Ghazaleh 
Nazari 
Meeting Room 8/15 
10:25 AM - Presentation 595153 
Technological Innovation and Sustainable Competitive Advantage in the Copper Industry 
– The Case for Corporate Investment in Technology 
John O. Marsden, Metallurgium 
 
ABSTRACT Technology development and innovation has played a crucial role in the copper 
industry throughout history. The effective development and implementation of new technologies 
allows mankind to produce copper at progressively lower cost of production at a given feed 
grade and mineral type. This progress serves to counteract cost inflation/escalation over time 
and, depending on the magnitude of the cost benefit, allows ore cut off grades to be reduced 
thereby improving the availability, accessibility and utilization of resources. The development of 
step change technologies that can offer >$0.15/lb cost benefits provides a significant opportunity 
for producers to achieve competitive advantage, but it has been argued that rapid dissemination 
of technology makes such competitive advantage unsustainable. This paper presents the results 
of a recent study that evaluates a number of historical and emerging step change technology case 
studies in the copper industry and quantifies the associated cost benefits for users, the impact on 
the production cost curve, and the duration of such cost benefits for various categories of 
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implementers: first mover, fast follower, conservative followers and laggers. The author presents 
a compelling case for major, mid-tier and emerging copper producers to invest in technology 
development initiatives if they wish to achieve and sustain competitive advantage over the long 
term. 
 
11:15 AM - Presentation 595679 
Kinetics of Chalcopyrite Leaching in Novel and Exotic Lixiviants 
Isabel F. Barton, University of Arizona Dept. of Mining and Geological Engineering 
J. Brent Hiskey, University of Arizona Dept. of Mining and Geological Engineering 
 
ABSTRACT Chalcopyrite (CuFeS2) is the earth’s most abundant copper ore mineral, but is 
refractory to leaching with sulfates, chlorides, and other common lixiviants and oxidants. This 
has led to increasing research into alternative lixiviants for recovering Cu from chalcopyrite. 
Here, we review the leach kinetics of chalcopyrite in glycine, ionic liquids, methanesulfonic 
acid, and hypochlorites.  
 
Glycine (CH2NH2COOH) has long been used in applications such as biocatalysis and 
electroplating, and has recently been examined as a lixiviant for whole ores and concentrates of 
both copper and gold. It is nontoxic, biodegradable, and capable of strongly complexing Cu2+. 
Compatible oxidants are peroxide, dissolved oxygen, and ferric sulfate. Chalcopyrite leaching 
rate in glycine is chemical reaction-controlled, but the effects of grain size and the reaction 
orders with respect to lixiviant and oxidant concentrations and stirring speed vary.  
 
The use of ionic liquids as a leaching agent for chalcopyrite has been extensively investigated in 
recent years. This system is based primarily on the use of the imidazolium molecule (C3H5N2), 
which is a planar 5-member ring structure. This lixiviant has been applied to the leaching of 
chalcopyrite in the form of pure mineral, concentrates, and ores. Kinetics of ionic liquid leaching 
of chalcopyrite vary substantially depending on the type and concentration of ionic liquid.  
 
Methanesulfonic acid (HCH3SO3) is one of the newest lixiviants available in leaching, having 
only been studied in the last decade. It has been suggested as a substitute for sulfuric acid, since 
it is less corrosive, is biodegradable, and breaks down to carbon dioxide and sulfate over time. 
The rate of copper leaching from chalcopyrite by methanesulfonic acid is controlled by diffusion 
and exhibits a strong dependence on oxidant type and concentration.  
 
The ClO- ion is the most oxidizing of all aqueous chlorine species, enabling hypochlorous acid 
(HClO) and sodium hypochlorite (NaClO) to dissolve Cu+ from minerals without added oxidant. 
Both have been investigated as lixiviants for molybdenite and sphalerite, but chalcopyrite is a 
comparatively recent focus of research. In hypochlorous acid, chalcopyrite leaching rate follows 
a diffusion control, and in sodium hypochlorite the control is mixed.  
 
Many of these lixiviants may never be commercially viable, but their leaching kinetics offer 
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valuable insight into the dissolution behavior of chalcopyrite in various systems.  
 
11:40 AM - Presentation 597057 
Early Innovations in Copper Hydrometallurgy: The Unknown 1866 Whelpley & Storer 
Process 
William W. Culver, SUNY Plattsburgh 
 
ABSTRACT Existing histories of hydrometallurgy look to the breakthrough processes at the end 
of the 19th century as the starting point for the application of wet processing for metallic ores. 
The research to be presented is part of an examination of decades of work by a number of 
chemists or scientists, and hydro-metallurgists, over the 1860s to the 1880s. Their efforts, while 
chemically successful, failed to gain wide commercial application. Yet these pioneers deserve 
recognition as they are the foundation of subsequent commercial successes – they showed the 
way ahead.  
 
In the 1860s Samuel Kneeland edited and published in Boston a science annual under the name 
Annual of Scientific Discovery: or, Year-Book of Facts in Science and Art. In the volume for 
1868 he wrote, "At a recent meeting of the Massachusetts Institute of Technology [MIT], Dr. 
James D. Whelpley read a paper on the chemical process of obtaining red oxide of copper from 
the ores at Harvey Hill, Canada east, where the first trial was made, on a large scale, of a new 
metallurgical process, which promises to effect a complete revolution in the working of metallic 
ores, especially the sulphides." This was the Whelpley and Storer Process. It was being tested at 
a copper property owned by James Douglas’ (the Douglas of the AIME James Douglas Gold 
Metal) father. Douglas’ experiments to make the Whelpley and Storer Process operate as 
intended are what gave him his start in metallurgy, and led to the discoveries that became the 
basis of the 1869 Hunt and Douglas Process patent. 
 
The paper explores the circumstances of the Whelpley and Storer Process, the people involved, 
and the intellectual context at a time when Boston was a center of metallurgical innovation. This 
was the era when academic chemistry was organized in the United States, when MIT was 
founded, and when Harvard University began a chemistry program, and when nearby Yale 
University began the first academic chemistry program under the senior Benjamin Silliman. 
 
The problem at the Harvey Hill mine was how to make use of the lowering grades of ore. In the 
1860s “low grade” was applied to ore below 5% copper. Laboratory experiments could extract 
metals from ore, but commercial applications escaped the mining industry until the 1840s and 
Henderson Process or Longmaid Process was applied to the Spanish “copper pyrites.” The 
challenge was to find a low grade process for other copper ores.  
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Heap Leaching I - Chair: Jeff Adams 
Meeting Room 8/15 
2:00 PM - Presentation 597297 
Heap Leaching of Copper Ores – State of the Science 
Jochen Petersen, University of Cape Town 
 
ABSTRACT Heap leaching accounts for around 20% of the global production of copper. In 
heap leaching coarsely crushed ore particles are contacted with an aqueous lixiviant percolating 
through large packed beds (heaps) of the ore particles, with the loaded solution collected at the 
foot of the heap for metal recovery, solution make-up and recycle. While dominant for copper 
oxide acid leaching, it finds application also in copper sulphide (bio)leaching, gold cyanide 
leaching as well as uranium and nitrate processing. Despite their apparent simplicity, heaps are in 
fact complex chemical reactors in which a number of competing sub-processes determine the 
overall rate of metal extraction. Therefore, meaningful prediction of copper production rates 
from heaps, as well as operational optimisation and control, all hinge on a comprehensive and 
quantitative understanding of these complexities. 
The paper gives a comprehensive overview of the various sub-processes in copper heap leaching 
and their interactions, including copper mineral leach mechanisms and kinetics, particle and 
stagnant pore diffusion, solution distribution in unsaturated dense beds, gas and heat distribution, 
gangue–acid interactions, deportment of iron species, biological interactions etc.  
While heap leaching as a technology has been well proven, the scale of operation, long 
extraction times and environmental concerns have restricted its use to processing of low-grade 
ore material. Yet, on the basis of a more fundamental understanding and modelling, the potential 
for optimized operation is compelling, and offers new opportunities for the extraction of value 
from complex ores that do not lend themselves to viable conventional processing. 
 
2:50 PM - Presentation 566372 
Technology Options and Innovation for Copper Heap Leaching 
Damian Connelly, METS Engineering Pty Ltd 
 
ABSTRACT The metallurgical heart of the majority of copper oxide processes is the heap 
leaching operation. Fresh low grade sulphide ores is a far greater challenge.The success of this 
unit operation is so important that operators need to understand the ramifications of their 
decisions or non-decisions and how they could affect the downstream processing. 
Heap leaching is an operation that can be described as a scientific art whereby principles of 
science can be used to guide experienced personnel in attaining their goals.Recent advances have 
been made based on better understanding the ore characteristics. Its success or otherwise is 
dependent upon a number of factors, notably: 
o The type of ore to be treated 
o The extent of testwork needed to characterise the process 
o The interpretation of the testwork results  
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o Ore preparation prior to stacking 
o Agglomeration requirements 
Other issues: 
o Compliance with the “smaller” requirements of environmental authorities 
o Adequate and timely drainage of solution from the base of a leaching lift. 
o The degree of saturation in the pads 
o Heap porosity. Coarser or finer ore, which is better? 
o Higher or lower irrigation rates. Which would produce a better result? 
o Laying out irrigation pipe work for ease of operation and maintenance 
o The addition of water, raffinate during agglomeration where needed. 
The heap leaching of sulphide ores including enhanced bacterial leaching is discussed including 
chalcopyrite ores. 
 
3:15 PM - Presentation 597207 
Differences Between Column and Heap Leaching and Their Implications for Laboratory 
and Operational Practice 
Petrus Johannes. van Staden, MINTEK 
Jochen Petersen, University of Cape Town 
 
ABSTRACT Several macroscopic differences between the columns used for laboratory 
simulations of copper heap leaching and commercial heaps are clearly evident. Column walls 
support part of the weight of the ore and restrict the particle packing arrangements. Columns are 
typically of a diameter that is smaller than the dripper spacing to be used on the commercial 
heaps. The stacking practices that cause segregation and stratification on heaps are absent from 
columns. Intuitively, these physical differences would be expected to be the reasons behind the 
observed differences between column and heap leaching performance. But how can they be 
quantified, and what is the magnitude of the differences? Could some of these differences be 
built into column leaching experiments in order to better simulate commercial-scale heap 
leaching performance to ease the scale-up calculations from column leaching data? Alternatively, 
could heap construction practices be improved so that the ideal performance obtained in columns 
could be emulated on heaps? Data from a few copper cases studies that permit direct 
comparisons between column and heap leaching performance is analysed, to reveal the extent of 
the differences in resistance to mass transfer. Discussion is provided on the implications for 
column and heap leaching practice, and for scale-up design procedures. 
 
In Situ Recovery (ISR) I - Chair: Doris Hiam-Galvez 
Meeting Room 9 
2:00 PM - Presentation 590358 
In-situ Recovery in Hard Rock Applications: Idealistic Notion or Realistic Future 
Processing Option? 
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Brigitte A. Seaman, Newcrest Mining Ltd. 
Luke Vollert, Newcrest Mining Ltd. 
John O'Callaghan, Newcrest Mining Ltd. 
 
ABSTRACT In-situ recovery is presently experiencing a revival not seen since early 
applications in amenable copper oxide deposits and uranium, where generally applications where 
neither, porosity and permeability, nor process chemistry had been prohibitively difficult. With 
ever decreasing grades in current mining operations and Greenfield projects combined with 
increasing capital and operating costs, in-situ recovery is looked to as the processing option that 
will both unlock deposits as well as potentially derive revenue from mineralised waste remaining 
in the ground once traditional mining and processing methods have become uneconomical. In-
situ recovery is also being looked to as a mining method that minimises the environmental 
impact sustained in the application of traditional energy and water intensive mining and 
processing operations where millions of tonnes of ore are mined from the earth, processed on 
surface and then disposed of in both waste dumps and tailings facilities. The key challenge 
facing companies like Newcrest, is that these low-grade deposits or remnant mines are generally 
hard rock applications that require costly methods to liberate the valuable minerals. A further 
challenge includes identifying suitable chemistries that both facilitate the economic recovery of 
gold and copper and that may be considered environmentally acceptable. This paper presents a 
desktop study whereby the issues of access creation and chemical extraction are discussed and 
evaluated with a view to driving future research in the area and unlocking this application as a 
real processing option. 
 
2:25 PM - Presentation 595422 
Potential Impacts of in Situ Metal Recovery Processes on Microbial Ecology 
Frank F. Roberto, Newmont Goldcorp Inc. 
 
ABSTRACT Sulfuric acid has been demonstrated to be an efficient lixiviant for in situ 
extraction of copper in the past. It has also been proposed that microbial production (by iron-
oxidizing acidophilic bacteria) of acidic ferric solution either in situ or ex situ could provide an 
economic strategy to generate an effective lixiviant for secondary copper sulfides like chalcocite 
and covellite. Copper heap bioleaching also takes advantage of this approach. One of the major 
environmental challenges for in situ copper recovery projects is the containment of acidic 
solution within the ore deposit, and ultimate restoration of the depleted ore body to its original 
state. A perhaps overlooked aspect of projected site operations is the possibility that transient 
acidic conditions and pumping of solutions from surface reservoirs into the subsurface could 
stimulate the growth of iron- or sulfur-oxidizing species of acidophilic microbes in the ore body, 
leading to additional generation of sulfate, acid, and ferric iron. This outcome would benefit 
extraction of copper in mixed oxide/sulfide deposits in the near term, but could complicate 
restoration activities. Possible impacts of pumping acidic solutions into the subsurface on 
microbes resident in, or introduced into the extraction zone will be discussed in the context of 
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our understanding of copper heap bioleaching and acid rock drainage. 
 
2:50 PM - Presentation 616561 
Teck’s Secondary Leaching Technology 
Hector Lizama, Teck Metals Ltd. 
Rob Stephens, Teck Metals Ltd. 
 
ABSTRACT Secondary leaching of previously-leached supergene copper ore has been 
developed and implemented at Teck’s Quebrada Blanca operations. This consists of using in-situ 
leaching techniques aided by geophysics to recover the residual metal value from dormant 
copper leaching heaps. These heaps of crushed and agglomerated ore had been leached 20 years 
previously but still contained significant copper values. The concept was first tested on a 3,200 
m² sector, where injection wells introduced leaching solution into a production zone and electro-
resistivity tomography was used to track solution movement within. Operating parameters such 
as well spacing and injection flow rates were determined. Copper recovery and leaching 
performance were evaluated based on solution and metallurgical balances. Both ferric leaching 
and bacterial leaching were enhanced through strategies to pull air into the heap. Positive results 
from the initial test prompted a larger, industrial pilot test on a 60,000 m² area and 97 injection 
wells. This larger test obtained a copper recovery of 30% in 457 days. Secondary recovery is 
now being implemented to all of the abandoned heaps at Quebrada Blanca and has become a 
production stream. This technology has the potential of wide application to mature copper heap 
leach operations, and Teck has patented the process and associated methodologies.  
 
In Situ Recovery (ISR) II - Chair: Doris Hiam-Galvez 
Meeting Room 9 
4:05 PM - Presentation 590293 
Application of Advanced Directional Drilling and Artificial Permeability Creation for In 
Situ Recovery of Minerals 
Paul Krawchuk, Hatch Ltd. 
Raegan Brown, Hatch Ltd. 
 
ABSTRACT In-situ Recovery (ISR) is under increased investigation as a viable methodology 
for the extraction of minerals in ore bodies that may be uneconomic to mine by traditional 
methods or for resources situated in locations where underground and surface mining operations 
are not feasible. Although the concept of ISR is relatively new with respect to hard rock 
applications, it is not a new technology; it has been used successfully in potash and uranium 
mining and also in heavy oil extraction for years where it has been proven to be both technically 
and commercially viable. ISR allows for the extraction of metals and minerals without the need 
to mine large amounts of ore that needs to be processed at surface. The ore stays in-situ and only 
the valuable metals and minerals are produced to surface in a process that produces very little to 
no waste rock or tailings. This paper aims to discuss the geological conditions that make ISR 
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amenable to an ore body as well as the application of maturing technologies such as advanced 
directional drilling and the creation of artificial permeability that will help to access deep ore 
bodies and enhance or create favorable recovery conditions for ISR in the ore body.  
 
4:30 PM - Presentation 593047 
Reconciling Mineral Reserves at an In Situ Copper Leaching Operation 
Gary Sutton, Sutton Geological Services Ltd. 
 
ABSTRACT In situ copper leaching has shown to be a viable, economic, and environmentally 
friendly mining extraction method. However, it is not widely known how it has been applied in 
mining operations to date. The goal of this paper is to add to the body of knowledge of this 
mining method, primarily by relating some of the empirical data over a 14 year period (1986–
1999) from San Manuel mine site (Arizona, USA) and what that data may mean for mineral 
reserve declarations for future projects and operations.  
 
There are several unique issues that must be resolved for any in situ operation or potential 
operation. The determination of metallurgical recovery and sweep efficiency are two of the 
biggest issues that must be addressed prior to declaring reserves. Then once in operation how can 
it be determined if the minerals being extracted are matching the minerals that were declared on 
the mineral reserves? Since the rock mass is being left in place the main extraction data come 
from individual extraction well flow rates and metal grades in the PLS. However, what is 
actually happening in the ground is not obvious until core drilling is done post leaching. Some of 
the results of that core drilling are presented here and what it may mean for future predictions of 
metallurgical recovery and sweep efficiency.  
 
Sulfate Media Leaching - Chair: Brent Hiskey 
Meeting Room 8/15 
4:05 PM - Presentation 582615 
Complex Studies on Cu-Cake Leaching in Sulfuric-acid Solutions 
Aleksei Kritskii, Ural Federal University 
Pia Sinisalo, Aalto university 
Shila Jafari, VTT Technical Research of Finland Ltd 
Mari Lundström, Aalto University 
 
ABSTRACT A typical process adopted at nickel plant is the processing of nickel-copper mattes 
and converter mattes using the following technology: pressure oxidative leaching (POX) - 
solvent extraction (SX) - electrowinning (EW) - cobalt recovery and solutions purification. 
Nickel and cobalt final products obtained and copper-nickel separation are the result of multi-
stages atmospheric and autoclave leaching as well as solution purification. Copper in the process 
is removed as Cu-cake, which is a by-product with high content of valuable metals. In the current 
paper, a method of combined atmospheric/pressure leaching of Cu-cake in sulfuric-acid media is 
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discussed. Suggested method allows to obtain high copper extraction (>99%) with valuable leach 
residue containing precious metals and PGM’s. Sulfuric acid media was chosen to make the 
suggested technology adaptable for the primary POX-SX-EW circuit. The initial cake and 
obtained products were analyzed and described. A range of technological parameters (t = 25 - 
190 oC; PO2 = 0 - 7 bar) was investigated to achieve optimal conditions for leaching process at 
the ambient and increased pressure. As a result, a process scheme for treatment of Cu-cake with 
the high leaching efficiency and the lowest metal losses is provided. 
 
4:30 PM - Presentation 596010 
The Interaction of Chalcopyrite with Silver Ions in Sulfuric Acid Solution 
Lin Li, Queen's University 
Ahmad Ghahreman, Queen’s University 
 
ABSTRACT Silver has been proven to play the role of a catalyst to promote the oxidation 
kinetics of chalcopyrite in sulfuric acid solution. In this study, the interaction between silver ions 
and chalcopyrite, the process mechanism and its relation to Fe3+, Fe2+, and Cu2+ ions in the 
sulfuric acid solution have been investigated. The silver concentration of the test solution was 1, 
5, 10 and 20 pm. The leaching tests of chalcopyrite showed that silver addition has a clear 
catalytic effect on chalcopyrite oxidation kinetics when chalcopyrite is leached in Cu2+ 
containing, Fe3+ containing, and Cu2+-Fe2+ containing sulfuric acid solutions. While in Fe3+-
Cu2+ containing sulfuric acid solution, the leaching rate was lower when silver ions were present 
in the solution. In another process, a chalcopyrite carbon paste electrode was pre-treated in 
silver-containing sulfuric acid solution in N2 flow atmosphere. Dissolution rates obtained by 
linear sweep voltammetry showed that the dissolution rate of chalcopyrite increased with the 
decreasing amount of silver during the pre-treat process.  
 
4:55 PM - Presentation 592846 
The Effect of Silver and Other Key Process Parameters on the Leaching of Common 
Primary Copper Sulfide Minerals in Sulphate Media 
Aleksandar N. Nikoloski, Murdoch University 
Glen O'Malley 
Tendekayi Tapera 
 
ABSTRACT Chalcopyrite (CuFeS2) and enargite (Cu3AsS4) are among the most important 
copper sulfides. At present, many known deposits of these minerals are uneconomic to process 
because they are of too low grade, insufficient size or too remote to be cost effectively treated 
with the conventional technologies that can deal with their refractory nature. Therefore 
developing an effective, low cost extraction process for recovery of copper from them is 
important and the research presented in this paper will deal with potentially cost effective 
strategies involving catalysed processing, studied under conditions relevant to recycle leach 
conditions. The present account summarises some of the main findings from the research 
program carried out at Murdoch University between 2014-2018 that has investigated the effects 
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of the common leaching parameters, major and minor species present in the leach system and 
additives on the rate and extent of copper extraction from low-grade ores, in which primary 
copper sulfide minerals such as chalcopyrite and enargite were the dominant copper source 
minerals. The study involved batch leaching tests, detailed structural and mineralogical 
characterisation and thermochemical modelling under conditions relevant to heap leaching. The 
results have demonstrated that silver in particular has a strong catalysing effect on the extraction 
of copper from ore under the leach recycle conditions and at an adequate dosage can effectively 
overcome the surface passivation, enabling almost complete extraction of copper from 
chalcopyrite as well as enargite. The aim of this paper thus is to present the effect of the studied 
additives and to briefly elaborate on the mechanism of the silver catalysed leaching process. In 
addition, the presence of certain secondary agents was shown to lower the critical dosage of 
silver and promote the extraction. The data from the study informed the development of a theory 
for the silver catalysed reaction mechanism, which enables further optimisation and cost 
effective application of this strategy in practice. 
 
Copper 2019: Mineral Processing 
Mineral Processing 4 
Meeting Room 19 
10:25 AM - Presentation 590126 
The Application of Froth Flotation Technology to Copper in Canada in the Early 20th 
Century 
Jan E. Nesset, NesseTech Consulting Services Inc. 
Erin R. Bobicki, University of Toronto 
Ksenia L. Bilaniuk, University of Toronto 
 
ABSTRACT The introduction of froth flotation technology in Canada, and in particular, in 
British Columbia, began not long after it was successfully applied in the Broken Hill mining area 
of Australia which began around 1905. It proved to be a revolutionary and transformative 
technology that resulted in marginal operations in copper, lead and zinc becoming profitable in 
spectacular fashion. The paper presents the technology of both oil flotation and froth flotation in 
the context of the challenges of the time and its early application in British Columbia at the Le 
Roi No.2 mine (1903), the Britannia Copper mine (1912), and at the Allenby concentrator of the 
Copper Mountain mine (1918-19). New-found archival documents indicate the Britannia 
application to be the first production application of froth flotation for copper ore outside 
Australia, a claim that is currently made by the Braden mine (now El Teniente) in Chile. 
Flotation was initially an add-on process following gravity methods but was rapidly shown to be 
far superior method for the bulk and selective recovery of metal sulphides. Flotation proved 
particularly successful for the recovery of zinc sulphide (the so-called ‘zinc problem’) which was 
considered a contaminant at the time. The ‘copper problem’ related to the poor recovery of fine 
copper sulphide particles that were not amenable to gravity methods. The success of flotation led 
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to changes in both the scale and methods of mining, concentration and smelting in a manner that 
allowed integrated mining companies to flourish. Many are still with us today.  
 
 
11:15 AM - Presentation 594058 
Investigation on Flotation Behavior of a Copper Sulfide Ore After Dry Grinding by 
Loesche Vertical Roller Mill 
Janet Katzmarzyk, Unit of Mineral Processing (AMR) - RWTH Aachen University 
Klaus M. Hahn, Unit of Mineral Processing (AMR) - RWTH Aachen University 
Ivan Silin, Unit of Mineral Processing (AMR) - RWTH Aachen University 
Hermann Wotruba, Unit of Mineral Processing (AMR) - RWTH Aachen University 
Carsten Gerold, Loesche GmbH 
Markus Stapelmann 
 
ABSTRACT New deposits are often characterized as low-grade and complex ore bodies. To 
date, processing of fine grained ore deposits implies complex processing routes with high energy 
consumption. For that reason, the investigation of dry grinding, e.g. with vertical roller mills 
(VRM), is an approach to save energy reserves. It is already proven that dry grinding can 
influence subsequent processing steps. In terms of flotation, the surface characteristics of the 
minerals are crucial for a successful flotation process, e.g. the sufficient adhesion of mineral 
particles and air bubbles. Wet grinding results in different surface properties of the product 
entering the conditioning stage than dry grinding, which has direct influences on the subsequent 
flotation process. To investigate the consequences for flotation, processing of a copper sulfide 
ore containing chalcopyrite and bornite was investigated, including grinding and rougher 
flotation. The effects of wet tumbling mill and dry VRM grinding on the degree of liberation of 
valuable minerals are characterized using mineral liberation analysis by scanning electron 
microscopy. The obtained flotation results, as well as the recorded flotation parameters such as 
dissolved oxygen, oxidation reduction potential and conductivity are presented and discussed. 
 
11:40 AM - Presentation 593932 
Grinding Chemistry and Its Impact on Copper Flotation 
Christopher J. Greet, Magotteaux Australia Pty Ltd 
 
ABSTRACT Grinding with an electrochemically inert grinding media (high chrome white iron, 
or Magotteaux's Duromax(R) alloys) shifts the pulp potentials to more oxidising conditions, 
increases the dissolved oxygen content and reduces the EDTA extractable iron concentration 
compared with milling with electrochemically active grinding media (forged steel). These 
changes in pulp chemistry produce cleaner particle surfaces, reduce reagent consumption and 
increase concentrate grades and recoveries. This paper presents a robust laboratory test program 
that is able to not only demonstrates these effects but also provide an indication of the magnitude 
of the improvements that are possible. While laboratory studies are interesting, the proof is in the 
pudding! So, the paper provides an overview of plant trials conducted at a number of operations 
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around the world, including: Newcrest’s Cadia Operation, Oz Minerals’ Prominent Hill Mine 
and Glencore’s Ernest Henry Mine. These successful plant trials clearly demonstrate that 
selection of the right grinding media alloy will yield savings in grinding media consumption and 
reagent consumption as well as increases in revenue through improved copper, gold and 
molybdenum recoveries. 
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Mineral Processing 5 
Meeting Room 19 
2:00 PM - Presentation 602444 
Pyrrhotite Rejection at Strathcona Mill – DETA/SMBS Plant Trials 
Ravinder Multani, XPS 
Curtis Deredin, Glencore, Sudbury Integrated Nickel Operations 
Julie Coffin, Glencore, Sudbury Integrated Nickel Operations 
Gordon Marrs, XPS 
Virginia Lawson, Glencore Technology 
 
ABSTRACT Glencore’s Strathcona Mill has recently evaluated a pyrrhotite depressant 
combination of diethylenetriamine (DETA) and sodium metabisulfite (SMBS) to improve its 
overall plant pyrrhotite-pentlandite (Po-Pn) selectivity. In a previous paper, key findings from a 
comprehensive lab-scale program (completed at the XPS Centre) were summarized where, of the 
depressants tested, DETA/SMBS combination was found to be the most effective in improving 
the Po-Pn selectivity. The present paper describes the metallurgical program recently completed 
at Strathcona Mill; DETA/SMBS evaluation on select plant ‘grab’ samples as well as the major 
results of three DETA/SMBS plant trials conducted on several plant ore feeds (long-term 
testing). Interestingly, it was found that there was variable success in using DETA/SMBS 
depressants on the different plant ore feeds; DETA/SMBS (dosage: 25/50 g/t milled feed) on 
lower Cu feeds demonstrated a ~2% Ni recovery increase at the same Ni grade. On the other 
hand, higher Cu feeds demonstrated virtually no benefit from DETA/SMBS at the same plant 
dosage, lab tests suggest that higher DETA/SMBS dosage (at specific locations) than that tested 
is required to overcome the increased Cu-DETA complexation for these particular feeds.  
 
2:25 PM - Presentation 594807 
Separation of Molybdenite and Chalcopyrite Using Various Oxidation Treatments 
Gde Pandhe Wisnu Suyantara, Kyushu University 
Tsuyoshi Hirajima, Kyushu University & Sumitomo Metal Mining Co., Ltd. 
Hajime Miki, Kyushu University 
Keiko Sasaki, Kyushu University 
Masashi Yamane, Sumitomo Metal Mining Co., Ltd. 
Eri Takida, Sumitomo Metal Mining Co., Ltd. 
Shigeto Kuroiwa, Sumitomo Metal Mining Co., Ltd. 
Yuji Imaizumi, Sumitomo Metal Mining Co., Ltd. 
Mitsuru Sawada, Sumitomo Metal Mining Co., Ltd. 
 
ABSTRACT Selective flotation of molybdenite and chalcopyrite using various oxidation 
treatments (i.e., ozone treatment, hydrogen peroxide, and Fenton-like reagent) was studied in this 
work. It was found that ozone treatment produced a depressing effect on both minerals, resulting 
in a lower separation of both minerals. On the other hand, oxidation treatment using hydrogen 



 
Tuesday, August 20 

86 
 

peroxide (H2O2) and Fenton-like reagent could deliver selective oxidation on chalcopyrite 
surface and depress its floatability. However, bench-scale copper-molybdenum (Cu-Mo) 
flotation tests show that oxidation treatment using H2O2 required a higher dosage of H2O2 and a 
longer treatment time in order to deliver comparable flotation results to that of conventional Cu-
Mo flotation using NaHS treatment. On the contrary, Fenton-like reagent could deliver selective 
Cu-Mo flotation results comparable to that of NaHS treatment at a lower dosage of H2O2 and a 
shorter conditioning time. Contact angle measurements and X-ray photoelectron spectroscopy 
(XPS) analysis were employed to understand the depressing mechanism of these oxidation 
treatments. It was found that the chalcopyrite surface covered by various oxidation products that 
render the surface hydrophilic. Meanwhile, the surface of molybdenite was slightly oxidized, 
making the surface remained hydrophobic. 
 
2:50 PM - Presentation 597473 
Improvement of Cleaner Flotation Columns at Miduk Copper Concentrator 
Manochehr Oliazadeh, Lycopodium Minerals Canada 
Mohammad Massinaei 
Saeid Abbasi 
 
ABSTRACT Reliable measurement and control of the pulp-froth interface (froth depth) in the 
flotation columns is critical to achieve the desired metallurgical performance. Shallow froths 
result in a reduction of grade because of particle entrainment and deep froths reduce recovery 
because of the drop back of entrained and weakly hydrophobic particles to the slurry zone. The 
cleaner circuit at Miduk copper concentrator consists of three parallel flotation columns 4 m in 
diameter and 12 m in height. The interface level of the flotation column is measured by two 
pressure sensors located at 1.4 and 2.4 m from the cell lip (in the collection zone). In this 
investigation the performance of the level detection system at different operating conditions was 
evaluated. A calibrated ultrasonic location system was used for measuring the actual froth depth. 
The results indicated that the existing level control system was subject to considerable error. The 
absolute (level) and relative errors were found to be 330.8 mm and 55.88%, respectively, on 
average. This was mainly attributed to the constant set-point value assigned to the froth density 
(ρf = 0.3 g/cm3), which actually varies with the operating conditions. The actual froth density at 
different conditions was calculated and its average value (ρf = 0.114 g/cm3) was re-set in the 
control system. This modification resulted in substantial reduction in the level-detecting error. 
Recommendations for more accurate measurement of the interface level are presented in this 
paper. 
 
Mineral Processing 6 
Meeting Room 19 
4:05 PM - Presentation 601296 
A High Rate Mechanical Flotation Cell for Base Metal Applications 
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Eric Bain Wasmund, Eriez Flotation Division 
Mike Mankosa, Eriez 
Homie Thanasekaran, Eriez Flotation Division Australia 
Nee San Yap, Eriez Flotation Division Australia 
Eric Yan, Eriez Flotation Division USA 
 
ABSTRACT Mechanical cells are the dominant unit operation in base metal rougher flotation 
applications worldwide. As economic demand for metals increase, and as the feasible ore grades 
decrease, the installed capacity of mechanical flotation units worldwide has greatly increased, 
adding significant capital and operating cost. One opportunity to improve this situation is to use 
fundamental knowledge to make the industrial flotation process more efficient. A key insight is 
that the flotation process can be optimized by dividing the processing of the pulp into two 
distinct fluidic environments; a collection cell where air and pulp mix in a highly energetic 
compartment, and a low energy gravity separation cell. This is the basis of the “2-stage flotation 
device” that has been patented by Eriez and marketed under the tradename StackCell™. Two 
industrial case studies will be presented to highlight the potential metallurgical and commercial 
advantages of the StackCell. In the first, a train consisting of three pilot scale StackCells (each 
0.6 metre diameter) was run in parallel with a train of conventional mechanical cells in a major 
copper concentrator and benchmarked against a batch Denver test. In the second, the 
performance of a 3 metre diameter StackCell in a nickel sulfide cleaning application was 
benchmarked against a batch Denver test. The flotation kinetics observed in the StackCells were 
2.4 to 2.9 times faster when compared with the lab Denver test. In the first case study, the 
kinetics of the StackCell was about six times faster than conventional mechanical cells. It is 
hypothesized that the efficiency improvement in kinetics is because of reduced “drop-back” 
during the froth recovery phase, which is reduced because of the reduction in the shear that is 
present in a conventional mechanical tank cell. This result suggests that a 2-stage flotation 
system can be used to reduce the working volume of flotation units by five to six times. This 
would allow operators to significantly reduce the size of their flotation lines for a comparable 
flotation objective. Some discussion will follow about the scale-up criteria, maintenance and 
operability issues, comparisons of layout, and possible cost savings.  
 
4:30 PM - Presentation 606917 
The Jameson Cell for Pre-rougher Applications in Base and Precious Metals 
Virginia Lawson, Glencore Technology 
Adam Price, Glencore Technology 
 
ABSTRACT The rougher flotation stage is used to reject liberated gangue at a coarse size. Base 
and precious metals due to their high specific gravity tend to recycle in the grinding circuit and 
report to the flotation circuit at a finer size than the gangue from which it is being separated. 
Generally liberation levels of greater than 50% are achieved in roughing and thus a portion of the 
feed can be immediately upgraded to final concentrate. The proportion increasing as the amount 
of liberated mineral in the feed increases. Scalping out concentrate from the rougher can reduce 
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the size of the subsequent regrind and cleaner circuits. Examples of alternative process design for 
circuits demonstrates that you don’t need large volumes to effectively recover all of the minerals 
– you need smart flotation. Several case studies will be presented where circuits can be 
significantly reduced in size by designing smarter – not larger. This paper describes case studies 
to test the amenability of the Jameson Cell to produce final concentrate from rougher feed. 
Metallurgical performance and plant design implications are discussed.  
 
 
4:55 PM - Presentation 593930 
Newcrest’s Industry First Application of Eriez Hydrofloattm Technology for Copper 
Recovery from Tailings at Cadia Valley Operations 
Luke Vollert, Newcrest Mining Ltd. 
Brandon Akerstrom, Newcrest Mining Limited 
Brigitte A. Seaman, Newcrest Mining Ltd. 
Jaisen Kohmuench, Eriez 
 
ABSTRACT In August 2018, the first full-scale HydroFloatTM cells for the recovery of coarse 
composited copper and gold were commissioned at Newcrest’s Cadia Valley operation in New 
South Wales. The primary objective of the installation is to recover coarse value-bearing 
composites that are lost to conventional flotation tailings, without the need for additional power 
input for particle size reduction to improve mineral liberation. 
 
The Eriez HydroFloatTM separator is an aerated fluidized-bed (or teeter-bed) separator that has 
been demonstrated to increase the recovery of coarse, poorly liberated particles when compared 
to conventional flotation technology. This is accomplished by applying flotation fundamentals to 
fluidized-bed gravity separation. The technology was developed by Eriez in 1997, patented in 
2002, and has been widely applied for the recovery of coarse potash, phosphate, coal, 
vermiculite, spodumene and diamonds. 
 
Composite particles have been identified as the principal carrier of copper in the Cadia 
Concentrator 1 rougher tailings with approximately 50% of copper sulfide contained in the +106 
micron size fraction in particles with less than 10% copper exposure. The floatability of these 
composites is controlled by the particle size coupled with the extent and texture of the 
hydrophobic surface of the (exposed) sulfide mineral component. 
 
This paper will examine application of Eriez HydroFloatTM technology for the recovery of 
coarse, poorly liberated copper sulphide particles drawing on recent experience from lab scale 
testwork through circuit design and commissioning of the full-scale installation at Cadia Valley. 
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Copper 2019: Process Control, Optimization, & 
Instrumentation 
Simulation and Data Analytics - Chair TBD 
Meeting Room 17 
10:25 AM - Presentation 593695 
Evaluation of Artificial Intelligence for Improved Plant Operation 
Alain Tshilombo, Sherritt International Corporation 
Cory Kosinski, Sherritt International Corporation 
Vijay Reddy, Sherritt International Corporation 
Kelvin Buban, Sherritt International Corporation 
Chowdary Meenavilli, NTWIST 
Siddhartha Tirumalaraju, NTWIST 
Sriraj Meenavilli, NTWIST 
 
ABSTRACT The use of artificial intelligence (AI) for process optimization is expected to play 
an increasingly important role in the future of the mining industry. The objective of AI is to 
develop a data driven soft (virtual) sensor using historical data that can estimate unmeasurable 
characteristics of the process and provide appropriate recommendations during operation to 
optimize the process through continuous learning.  
 
The application of AI to a hydrometallurgical process was evaluated by Sherritt Technologies in 
coordination with NTWIST. Historical operating data obtained from the Ambatovy facility’s 
High Pressure Acid Leach (HPAL) circuit was used to develop models to predict autoclave 
discharge parameters based on operating conditions and ore mineralogy. The prediction models 
were developed in such a way to also allow the user to simulate and test different operating 
conditions. A second set of models (AI model) were developed based on the prediction models, 
economic data and operating constraints for a given process unit to identify optimal reagent and 
steam dosages to maximize potential profit from the HPAL circuit. 
 
The development of these models was significantly complex due to the dynamic and interactive 
nature of the HPAL process. Despite the complexity of the models, the models were able to 
predict, with accuracy, the relationship between ore composition, leach autoclaves retention 
time, acid addition and steam addition with metal extractions as well as levels of impurities in 
the autoclave discharge slurry. The study showed that AI has the potential to improve the overall 
operation of a facility through providing tools to assist with training, troubleshooting and process 
optimization. 
 
10:50 AM - Presentation 591116 
Development and Calibration of an Autogenous/Semi-Autogenous Mill Simulation Model 
for Process Control Applications 
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Edgar Manuel. Pérez García, Université Laval 
Jocelyn Bouchard, Universite Laval 
Éric Poulin, Université Laval 
 
ABSTRACT Process control and optimization have always been crucial aspects in the mineral 
processing industry, and expectations constantly increase to cope with more stringent security, 
quality, efficiency, and environmental performances. The main challenges to reduce variability 
of key process variables, and steer profits to higher values while maintaining sustainability 
indexes within acceptable ranges come from nonlinear responses and circulating loads. The most 
commonly implemented control strategies rely on simple PID controllers for practical 
implementation and maintenance considerations. If arguably good performances are 
accomplished when these are adequately set up, there is also room for further gains by using 
more advanced methods such as model-based techniques. There is thus a need for more realistic 
process and equipment models. Based on advances of the past few decades, this paper introduces 
an autogenous/semi-autogenous mill (AG/SAG) model to be included in a modular comminution 
circuit simulation toolbox comprising ball/rod mills, material handling, and classification 
devices. The proposed mill model incorporates a modified version of the classic comminution 
equation that makes grinding rates proportional to the energy input. It requires the determination 
of a selection function (fragmentation rates) and a breaking function (fragments distribution). 
The former is modelled with an S-shaped curve characteristic of AG/SAG processes and the 
latter is a size-relative distribution of the produced fragments. The power draw is predicted 
employing the empirical equation of Austin. The paper also develops a case study to illustrate 
how the proposed simulation framework can capture the behaviour of an actual plant. Model 
calibration consists in an optimization problem that search the global minimum of the difference 
between predicted and measured/estimated size distributions, power draw, solid fractions, etc. 
Results demonstrate that the mill simulator can mimic an actual process in its operation 
conditions. 
 
11:15 AM - Presentation 595314 
Monitoring Furnace Sidewall Integrity Using Multivariate Statistical Models 
Ravi Pula, Hatch Ltd 
Terry Gerritsen, Hatch Ltd 
Tom Plikas, Hatch Ltd 
Richard MacRosty, Hatch Ltd 
Jennifer Reichart, Rio Tinto Kennecott Copper 
Kenly Ochoa, Rio Tinto Kennecott Copper 
Mike Loveless, Rio Tinto Kennecott Copper 
 
ABSTRACT Sidewall accretion in a smelting furnace plays an important role in furnace 
integrity as it provides protection to the sidewall cooling elements and thereby extends the 
furnace campaign life. The extreme thermal and mechanical stresses in the furnace and changes 
in the slag chemistry can cause the sidewall accretion to melt or break away decreasing the lining 
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protecting the cooling elements. Thin accretion is highly undesirable as it increases the risk of 
exposing the cooling elements to the molten bath and in the worst case may lead to a failure. 
Therefore, monitoring the sidewall accretion on an operating furnace is extremely important to 
manage furnace integrity and to support safe furnace operation.  
Operators often generate estimates for sidewall accretion and refractory thickness using either 
copper cooler temperatures or heat load into the cooling water circuits. Multivariate statistical 
models, on the other hand, have the capability to consider all the process measurements 
simultaneously to provide a more reliable estimate. This paper describes the application of 
multivariate statistical models for sidewall integrity monitoring on a Flash Converting Furnace 
(FCF) and also discusses the online implementation of these models as the Sidewall Accretion 
Monitoring System.  
 
11:40 AM - Presentation 595533 
Advanced Thermodynamic Modeling in the Pyrometallurgy - Refractory Corrosion 
Simulations 
Christoph Pichler, RHI Magnesita 
Christoph Wagner, RHI Magnesita 
Daniel Kreuzer, RHI Magnesita 
Christoph Sagadin, Montanuniversitaet Leoben 
Stefan Luidold, Montanuniversitaet Leoben 
 
ABSTRACT Engineers and scientists have been combating the attack upon refractory materials 
of molten metals/matte and slags for hundreds of years. The details in many cases are still 
questionable or at least debatable. The corrosion is a major concern for furnace operators as 
refractory wear or failures inevitably results in reduced production efficiency and furnace 
reliability. Also the cost to industry is considerable and only a thorough understanding of all the 
complexities of the process will help to minimize that cost. One of the critical questions to 
overcome is the correct selection of refractories for the individual process steps to provide long 
and predictable refractory life together with high furnace availability. To understand the nature 
of the reactions involved in refractory corrosion, it is crucial to determine the complex thermo-
chemical equilibria of the reactions occurring between the refractory materials and the process 
phases. A simulation model coupled with commercial software like FactSageTM is demonstrated 
aiming to understand the corrosion mechanisms between refractories and the molten process 
phases and draw implications for improving the performance of refractories and refractory 
lifetime.  
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Instrumentation 
Advanced Process Control - Chair TBD 
Meeting Room 17 
2:00 PM - Presentation 595342 
Advance Control and Real-time Optimization’s Emerging Trends in Copper and Mineral 
Processing 
Robert K. Jonas, Honeywell 
 
ABSTRACT Many leading copper and other mineral processors have rapidly adopted advanced 
controls in last 5-10 years. Almost 600 multivariable predictive controls have been installed in 
mineral processing, and almost 50% of those are in copper concentrator plants. In most cases, 
mineral processors rely on 3rd party support to implement these advanced technologies. One 
challenge facing advanced control user is the selection providers and services for these 
technologies. The trend has been towards the use of multivariable predictive control and use of 
technology provider’s services.  
 
This paper will discuss status of advanced control, and the merging trends in the mining industry. 
A review will be presented of how advanced control is being applied in the mining industry over 
the last decade, and how user challenges are being overcome. Next the emerging uses of 
multivariable predictive control (such as multi/inter-unit optimization), focusing on the latest 
trends in concentrator plants. Finally, a review will be made of emerging technology advances 
that can be advantageous to mineral processors.  
 
2:25 PM - Presentation 595404 
Data Mining for Copper Concentrate Forecasting - Revisiting Old Problems with New 
Weapons 
Jorge Torrealba, BBA inc 
Andre Allaire, BBA Inc. 
David Runnels, BBA Inc. 
 
ABSTRACT A network of enthusiastic and active professionals is currently developing and 
maintaining several open source statistical software tools (packages) for data analysis (example 
Rstudio, Plotty, etc.). The advantages of the open source software philosophy are the fast 
development and testing of the solutions presented to the community. Books and support are 
available for each software. 
 
Since each activity generates massive amounts of data, it is attractive to learn and test those 
available tools considering that we are at the door of the new work revolution coined as “Mine 
4.0”.  
 
Data mining and modeling of operational data involves the discovery of patterns in large datasets 
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for future use in benchmarking and optimization of the operation. The modern pattern discovery 
in large data sets involves statistical techniques, machine learning, and new visualization tools.  
 
The process involves collecting large datasets, the preparation and cleaning of a database, the 
uploading of the data to a database program capable of handle big datasets, the development of 
prediction models and the presentation of the results. Machine learning techniques help to 
develop mathematical models and algorithms that could be used to improve the performance on a 
specific task. 
 
Former examples of data mining are presented: in the first example, operational data from a 
copper-gold flotation circuit (client confidential) was analyzed in search of the cause of circuit 
throughout limitation. The former solution was found by plotting the data in several graphs in 
MS Excel 2000 until trends were found. The data analysis method was slow and cumbersome. 
 
In another example, the forecasting of copper concentrate (client confidential) was modeled 
using a multivariable MS Excel 2010 formula. The model was prepared using the R2 as the 
metric for “the goodness of the fit”. The model has to be calibrated each time that the ore 
changes. 
 
Both examples were re-analyzed using the “state of the art” statistical software (R/Rstudio) to 
improve the predictability of the models generated, to investigate additional patterns that were 
potentially hindered in the datasets and to explore the application of machine learning techniques 
(Partial Component Analysis or Random Forest) in the pattern discovery.  
 
2:50 PM - Presentation 600894 
Advanced Control Optimization for Copper Concentration Plants 
Sohail Nazari, Andritz Inc. 
Tomas Carricajo, ANDRITZ 
 
ABSTRACT This paper discusses a unique dynamic solution for optimizing comminution area 
in real time. The proposed technology is a combination of model predictive controller, 
optimization methods and real-time digital twin for mineral processing. For grinding area, the 
ultimate goal of an effective control strategy is to maximize the mineral processing, reduce 
energy consumption and stabilized size classification. To have a continuous and effective 
comminution operation, a reliable control system that minimizes the need for human intervention 
is necessary. 
The implemented advanced control strategy for comminution area consists of two layers in 
hierarchical structure. The lower layer objective is to stabilize the process stabilization using 
model based predictive controller (MPC) technique. The unique MPC used in this layer is called 
BrainWave chosen for its robustness, convergence and delay handling; furthermore, the 
developed platform offers stable and repeatable solution and has short implementation time. In 
this paper, we discuss how MPC engine is particularly important when it comes to SAG mill 
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overweight handling. 
The upper layer is a supervisory control, which sends the preferred process operation points to 
the lower layer to drive the process towards optimal performance. The goal of this layer is to 
optimize the process targets, as well as making decision. To increase process performance, 
automatic ore characteristic adaptations are implemented in this layer. A digital twin of 
comminution area is built in the second layer that runs amongst the process in parallel. By 
communicating, the process data in real time, a virtual densitometer is built that is being used in 
our advance process control strategy. 
Our control strategy has been developed, tested and implemented in numerous SAG mills and 
ball mills. The targets for implementing advance process control are usually increased 
throughput, decrease energy consumption and variability reduction in particle size distribution. 
Overall, the results showed in different mine sites are increase throughput between 2 and 5%, 
specific energy consumption reduction about 15% and process variability reduction up to 60%. 
Additionally, digital twin feature has applied to discover new process variables and identify new 
opportunities.  
In this paper we discuss the results of the recent implementation of this technology on Minera 
Los Pelambres, Minera Collahuasi and CAP Minería.  
 
3:15 PM - Presentation 594913 
Transfer of an Optimization System from Zinc to Copper Roasting Plants 
Marcus Runkel, Outotec 
Steffen Haus, Outotec 
Joerg Hammerschmidt, Outotec 
 
ABSTRACT Given the limited number of new plant construction, focus is turning to the 
optimization of existing metallurgical roasting plants. To meet the goals of high process 
efficiency with limited capital expenditure, plant owners are looking for new strategies, 
including digitization and expert support. As a supplier for numerous roasting, gas cleaning and 
sulfuric acid plants, Outotec has intensified its effort in recent years to develop solutions to 
accommodate increasing customer need. This article presents a short review on how Outotec is 
applying advanced control tools for the fluidized bed industry. Focus will be given on how to 
transfer the existing technology (used in selected Zinc roasting plants for over a year now) to 
copper roasting. Outotec has developed the Pretium Roaster Optimizer, a system based on heat 
and mass-balanced simulation models. Direct experience with this technology will be shared and 
will highlight similarities to the Partial and Sulfate Copper roasting processes. Pretium detects 
equipment and plant bottlenecks and provides consistency in process development. The Pretium 
program combines 24/7 advanced online digitalization tools, along with expert personal support 
when required. 
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Copper 2019: Pyrometallurgy (The Phillip Mackey 
Symposium) 
Fundamental Metallurgy III - Chair: Rodney Jones 
Meeting Room 9 
10:25 AM - Presentation 593086 
CFD-DEM Modelling of Matte Droplet Behavior in a Flash Smelting Settler 
Jani-Petteri Jylhä, Aalto University School of Chemical Engineering 
Ari Jokilaakso, Aalto University 
 
ABSTRACT The Outotec Flash Smelting (FS) process is widely used in primary copper 
production. A layer of slag on top of matte (copper – iron sulfide melt) creates a barrier through 
which matte droplets need to descend. Droplets of different sizes settle through the layer at 
different rates. Lower settling velocity increases possibility of copper losses as small matte 
droplets may be removed as the slag is tapped. More sophisticated computer models could be 
used to study this process and find ways to minimize such losses, but also to investigate behavior 
of secondary raw materials.  
In this work coupled CFD and DEM software were used to simulate matte droplets of different 
sizes settling through the slag layer during slag tapping. DEM and CFD were used to simulate 
discrete droplets and slag flow in the flash smelting furnace settler, respectively. This new 
approach gives capability of tracking and solving movement and interactions of individual 
droplets.  
User defined models were created to include coalescence and reaction kinetics in the simulations 
both separately and simultaneously. Coalescence probability was used as the criteria was used to 
determine if colliding droplets would coalesce. Droplets in the slag would start decreasing in size 
due to chemical reactions. Also, density of the droplets was changed as the composition changed 
which, apparently, had an effect on settling velocities of the droplets. Different settling velocities 
created slight funneling effect in the slag as drag caused by faster droplets pulled others towards 
the center line of the descending cluster. This research is the only study known by the present 
authors in modelling liquid-liquid systems with the coupled CFD-DEM method. Furthermore, 
coalescence and chemical reactions are modelled in discrete droplet – continuous slag 
interactions enabling higher precision simulations. However, CFD-DEM simulations are 
computationally resource intensive already without additional models, so a full scale industrial 
settler modelling still waits for further increase in computer performance. 
 
10:50 AM - Presentation 590977 
Evaluation of Copper Losses Using Flow Patterns in the CL-furnace of the Mitsubishi 
Process 
Masahiro Kato, Mitsubishi Materials Corporation 
Hiroyuki Sakurai, Mitsubishi Materials Corporation 
Fumito Tanaka, Mitsubishi Materials Corporation 
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ABSTRACT The Mitsubishi Continuous Copper Smelting/Converting Process employs an 
electric furnace (CL-furnace) for settling the slag/matte mixture formed in the smelting furnace. 
The conditions of the CL-furnace change its settling efficiency, resulting in high/low copper 
losses to the discard slag. Long-lasting modifications of the operation and maintenance for the 
CL-furnace have greatly reduced the copper losses in Gresik smelter. Repeated evaluation of 
flow patterns in the CL-furnace has demonstrated how the CL-furnace has been improved in 
terms of chemical reaction engineering. Settling mechanisms in the CL-furnace will also be 
discussed using particle-size distribution of matte droplets in frozen slag. 
 
11:15 AM - Presentation 598757 
Thermodynamic Modeling of Copper Chloride-Containing Systems in High Temperature 
Processes 
Daniel Lindberg, Aalto University, School of Chemical Engineering 
Hanna Viitala, Aalto University/School of Chemical Engineering 
Pekka Taskinen, Aalto University 
 
ABSTRACT The formation of copper chlorides in flue dust or deposits in heat recovery boiler 
of copper smelters or waste-fired boilers may lead to formation of corrosive partially molten 
deposits on walls and heat exchangers of the boilers. These deposits can contain various other 
metals, such as alkalis, Fe, Zn, Pb together with oxides and sulfates. In the present study, a 
thermodynamic model for copper-containing binary and ternary metal chloride systems within 
multicomponent CuCl-CuCl2-FeCl2-FeCl3- PbCl2-ZnCl2 system has been assessed and 
optimized based on own experimental phase equilibrium data, as well as literature data. The 
thermodynamic properties of the liquid phase was modelled using the quasichemical quadruplet 
model and a thermodynamic database was optimized to predict all available experimental data 
within the experimental error limits. The thermodynamic database allows for more accurate 
predictions of potential corrosion-related issues in various heat recovery boilers and waste-fired 
boilers due to formation of copper chlorides. 
 
11:40 AM - Presentation 587855 
Exposition of Applications of Uncertainty Quantification to Modeling Pyrometallurgical 
Processes Using a Model of Copper Fire Refining as an Example 
Paul E. Mather, Purdue University 
Matthew Krane, Purdue University 
 
ABSTRACT Uncertainty quantification is a means of articulating the reliability of model 
estimations. Models of copper pyrometallurgical processes have been published for decades but 
discussion of their reliability has typically been terse and qualitative, mitigating understanding of 
their exact applicability to industrial situations. This presentation shows basic uncertainty 
propagation and Bayesian model calibration, two powerful uncertainty quantification tools, 
applied to a reduced order model of copper fire/anode refining. The implications of the 
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uncertainty quantification analyses on the applicability of the model results to industrial practice 
are then discussed. Finally, other possible applications of uncertainty quantification to copper 
extractive metallurgy are explored. 
 
 
Off-Gas Handling + Other - Chair: Herbert Lee 
Meeting Room 11 
10:25 AM - Presentation 595805 
Anode Furnace Off-Gas NOx Emission Improvements at Rio-Tinto Kennecott Copper 
Adrian Deneys, Praxair, Inc. 
Arsenio Enriquez, Rio Tinto Kennecott Copper 
Ryan Walton, Rio Tinto Kennecott Copper 
Jenny Esker, Rio Tinto Kennecott Copper 
 
ABSTRACT NOx emissions at the Rio-Tinto Kennecott Copper (RTKC) smelter are regulated 
to a compliance limit of 35 lbs/hr on an annual rolling average. This paper discusses RTKC 
efforts and improvements, particularly related to the anode furnace off gases, to comply with the 
NOx limit over the last 20 years. This includes upgrading the oxy-fuel main burner to Praxair J-L 
burner, maintaining operating parameters best practices, investigating and evaluating existing 
pollution control technology and implementing changes to the current Praxair J-L Burner 
technology on both anode furnaces that have significantly improved and sustained NOx emission 
level well below the compliance limit. 
 
10:50 AM - Presentation 599263 
Innovative Solutions in Non-ferrous Metals Production Lines 
Rolf Degel, SMS group GmbH 
Johannes Joubert, SMS group GmbH 
Timm Lux, SMS group GmbH 
Andreas Filzwieser, METTOP GmbH 
Martina Hanel, METTOP GmbH 
 
ABSTRACT Non-ferrous metals find their applications in smartphones, tablets and computers. 
These materials with their particular properties are the basis of our modern life. SMS group is 
well prepared for this huge market and for growing future challenges. A large contribution here 
is the new joint venture PolyMet Solutions that was founded by SMS group and Mettop, an 
Austrian engineering company, with the objective to develop new technical solutions for the 
primary copper production lines as well as for non-ferrous metals starting with the primary 
smelting of concentrate and ending with the electrolysis. 
 
PolyMet Solutions provides the process know-how whereas SMS group supplies the plants and 
equipment and Mettop the key components. SMS group and Mettop also cooperate in the field of 
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tankhouse technology. Together with Montanwerke Brixlegg AG, Mettop has developed together 
with a parallel flow technology (METTOP-BRX Technology), allowing a current efficiency of 
above 98 % at a current density of 420 A/m², which is a milestone in copper electrolysis. 
 
For the secondary copper production route, SMS group and PolyMet Solutions developed an 
innovative refining furnace (PolyRefine) for the smelting and refining of copper scrap. The 
refined copper is directly charged to the Contirod line to produce copper rods and wires. 
 
The innovative cooling solutions of SMS and PolyMet Solutions come into play where furnaces 
have to stand the highest loads and stresses, for instance in areas of very high temperatures or 
temperature fluctuations, aggressive exhaust gases and slags, or at critical spots such as taphole 
areas. Custom-tailored cooling systems for furnace vessels make sure varying loads are 
compensated in a targeted and effective manner. The solutions include air cooling, spray cooling, 
cooling technologies with integrated copper elements such as CFM (Composite Furnace 
Modular) cooling systems, plate and finger coolers.The major innovation in the field of furnace 
cooling is the ILTEC (Ionic Liquid Cooling) Technology which paves the way for increased 
plant safety. This revolutionary, patented cooling technology is jointly marketed by Mettop and 
SMS group. It permits water-free cooling to be implemented and thus makes operation safe 
wherever it is applied. 
 
11:15 AM - Presentation 593860 
Dust Reaction Model in Waste Heat Boiler of Copper Smelting 
Seung Hwan Ahn, LS-Nikko Copper Inc. 
Moosang Lee, LS-Nikko Copper Inc. 
Jongshin Chang, LS-Nikko Copper Inc. 
So-Yeong Lee, Kyungpook National University School of Material Science and Engineering 
Ho-Sang Sohn, Kyungpook National University School of Material Science and Engineering 
 
ABSTRACT It is necessary to understand the characteristics, phase changes and chemical 
reactions of flue dusts introduced from a furnace to an off-gas line in order to achieve the stable 
operation and the improvement. This study is to develop the dust reaction model for chemical 
reactions of dusts in an uptake shaft of smelting furnace and a waste heat boiler. Phase equilibria 
and reaction paths in this system were determined by thermodynamic calculation with 
experimental and industrial data. The oxidation reaction rate of dusts was determined by the gas 
film mass transfer controlling. And the sulfation reaction rate was evaluated by the unreacted 
shrinking core model. Kinetic parameters were estimated by reference data including industrial 
ones. The present study with the developed model shows various effects of temperatures, dust 
particle sizes, and oxygen gas partial pressures on dust reactions. 
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Copper Smelter Updates I - Chair: Michael Reed 
Meeting Room 10 
10:25 AM - Presentation 616560 
Optimization Initiatives at Altonorte on the Path to Becoming a World Class Smelter 
Juan Carrasco, Altonorte - Glencore 
Beatrice Pierre 
Juan Carrasco, Altonorte - Glencore 
 
ABSTRACT Altonorte began as a concentrate roasting operation in 1988 under the name of 
Refimet. In 1993, a copper smelter was built with a design capacity of 203,000 tonnes per annum 
of concentrate. Since 2001, various technological advances have been made in Altonorte, where 
the biggest Noranda Reactor in the world is installed being the first Noranda Reactor reaching 
above one million tonnes of copper concentrates processed per annum. In 2013, Altonorte was 
acquired by Glencore. Recently due to various new environmental regulations in Chile, Altonorte 
has evolved to new standards of operation in order to reach the vision of becoming a World 
Class Smelter. This paper describes the path followed to improve safety, environmental 
performance, process capacity, reliability, and productivity. The foundation for the growth and 
success in Altonorte is our People. Employee engagement and branding of our cultural journey is 
what allows Altonorte to face the future with certainty of becoming a World Class Smelter.  
 
10:50 AM - Presentation 594775 
Modification of Feeding System for the Smelting Furnace and Other Recent Improvements 
at Gresik Copper Smelter 
Ahmad Munib Fikry, PT Smelting, Gresik Copper Smelter & Refinery 
Dadang Sundana, PT Smelting, Gresik Copper Smelter & Refinery 
Kenta Kusunose, PT Smelting,Gresik Copper Smelter & Refinery 
Yosuke Unno, PT Smelting, Gresik Copper Smelter & Refinery 
 
ABSTRACT PT Smelting has operated the Mitsubishi process in which feed materials are 
charged into the S-furnace through top lances using a pneumatic conveying system comprising 6 
feeding tanks (S-Feeding Tanks). Each S-Feeding Tank was designed as a batch machine and 
had been operated in a batch mode so that feed materials are conveyed in 70% of operating time 
(conveying time). An S-Feeding Tank was revamped in August 2016 in order to attempt to 
achieve 100% conveying time, aiming to minimize the furnace draft and melt temperature 
fluctuation those were expected to reduce copper losses to slag and refractory wear on the 
sidewall in the melt zone. After two-year operation with some adjustments and modifications, it 
was evaluated that the new system works as expected. During scheduled major shutdown in 
November 2018, the same modification was applied to all other 5 feeding tanks as the previous 
one, while several modifications other than the S-Feeding system were also conducted for the 
purpose of expanding the capacity of the smelter. 
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11:15 AM - Presentation 594846 
Advances in Complex Concentrate Smelting at the DPM Tsumeb Smelter 
Mirco Nolte, Dundee Precious Metals 
Buks Kruger, Dundee Precious Metals Tsumeb 
 
ABSTRACT The DPM Tsumeb Smelter has evolved over the last decade to meet the challenges 
and opportunities brought about by a changing copper concentrate market, technological 
advances, environmental legislation as well as social and political changes. The paper discusses 
some of the challenges, successes and lessons learnt through the expansion and modernization of 
its smelter complex. It covers the various capital projects as well as the improvement and 
innovation programs that have been implemented during the last few years to more than double 
the smelter capacity. Most importantly, DPM understands that people are its most important 
resource to achieve and sustain its ambitious targets; as a result, underlying all the processes and 
technology, there needs to be an organization that is structured in a way that ensures people 
operate at their utmost level. In addition, given the evolving world we live in, it considers the 
challenges that the smelter faces today, not the least of it being how to remain relevant into the 
‘4th Industrial Revolution’. 
 
11:40 AM - Presentation 594822 
Review of Boliden Harjavalta Copper Smelter 
Esa J. Peuraniemi, Boliden Harjavalta 
Tommi Veneranta, Boliden Harjavalta 
Petri Latostenmaa, Boliden Harjavalta 
Juha Järvi, Boliden Harjavalta 
 
ABSTRACT Boliden Harjavalta has operated a copper flash smelter since 1949 thus the smelter 
celebrates 70th anniversary of flash smelting in 2019. This paper shortly describes the historical 
perspective of the smelter and gives an update of the current operational issues and process 
modifications made during the recent years. The plant has carried out several major investments 
lately providing a firm view on the future. A new landfill area for the final slag was 
commissioned in 2018. A modernization of the concentrate storage area, a new acid plant and a 
debottlenecking project of the smelting line have been recently commissioned. At the same time, 
the tankhouse capacity will be expanded. This paper focuses on smelter modernizations. 
 
Smelting and Converting Technologies III - Chair: Cameron 
Harris 
Meeting Room 11 
2:00 PM - Presentation 588809 
Application and Development of Modern Copper Metallurgical Technologies in China’s 
Copper Industry 
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Bin Tang, China NERIN Engineering Co., Ltd. 
Suping Yao, China NERIN Engineering Co., Ltd. 
 
ABSTRACT In the last decade, the copper industry in China has developed rapidly and attracted 
the world’s attention. The production capacity of refined copper has grown remarkably from 
4.578 million tons in 2010 up to 9.029 million tons in 2018, accounting for about 40% of the 
global refined copper production. And now, China has become the biggest refined copper 
producer in the world. This paper summarizes the application of modern copper metallurgical 
technologies such as Outotec flash smelting/converting technology, Cyclone smelting 
technology, TSL (ISA/Ausmelt) smelting/converting technology, Jinfeng side blown smelting 
and Baiyin side blown smelting technology, Chifeng side blown smelting and continuous top 
blown converting technology, SKS bottom blowing technology, Dongying two-step smelting 
technology, copper electrorefining with high current density, etc. in China’s copper industry, 
analyzes and compares the characteristics of those technologies and presents the great efforts of 
China’s copper smelters in adapting to the increasingly strict emission standards and improving 
economic benefits of copper smelters.  
Keyword: Copper Smelting, Copper Converting, Copper Electrorefining, Slag Beneficiation, 
Off-gas Emission Control.  
 
 
2:25 PM - Presentation 593993 
Innovative Technologies for Copper Smelting and Electric Slag Cleaning and Matte 
Settling Furnaces 
Andre Esterhuizen, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
Hugo Joubert, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
Saskia Essack, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
Nico Fowler, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
 
ABSTRACT Tenova Pyromet has developed innovative technologies for copper smelting and 
electric slag cleaning furnaces. Based on client feedback and requirements, innovative designs 
have been developed to address key design areas and improve furnace reliability, operability and 
hygiene. These developments include the NovaLance™ lance system to prevent lance bending 
on top submerged lance furnaces, the SlagFlo™ slag tapping flow control device to better control 
bath levels and tapping rate for granulation, and an electrode seal for improved sealing directly 
onto the electrode casing to allow water-cooled electrode components to be located above the 
furnace roof. The potential application and benefits of these innovative designs are discussed. 
 
2:50 PM - Presentation 593984 
Design of Sidewall Copper Cooling Systems for Copper Smelting and Converting Furnaces 
Hugo Joubert, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
Isobel Mc Dougall, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
Gerrit de Villiers, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
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ABSTRACT The use of sidewall copper cooling systems to prolong furnace campaign life is 
becoming an accepted technology solution in the base metals industry. Tenova Pyromet has 
designed and installed a number of sidewall copper cooling systems in base metals furnaces, 
including the platinum industry. Apart from increasing the furnace campaign life through the 
formation of a stable freeze lining, a well-designed copper cooling system enables the plant 
operator to focus more on optimizing the process to achieve throughput and recovery targets, and 
to accommodate more varied and available concentrate feed blends. The paper discusses the 
design of sidewall copper cooling systems for copper smelting and converting furnaces to 
achieve the above objectives. More specifically, the design of copper cooling systems for top 
submerged lance furnaces are discussed. An overall increase in furnace heat losses has been 
raised as a concern for intensively cooled sidewalls. The paper explores the overall heat loss 
expectations for copper cooled furnaces versus traditional refractory lined furnaces. In addition, 
the potential use of alternative cooling media is discussed. 
 
3:15 PM - Presentation 593111 
Anode Furnace Nitrogen Gas Purging System at Kansanshi Copper Smelter 
Edmond Mokola, Kansanshi Mining Plc. 
Coaster Bwalya, Kansanshi Mining Plc. 
Kelly Musonda, Kansanshi Mining Plc. 
Alex Makayi, Kansanshi Mining Plc. 
Lawrence Hanschar, Kansanshi Mining Plc. 
 
ABSTRACT Kansanshi Copper Smelter commenced operation of a greenfield copper smelter in 
March 2015. The nominal capacity of the smelter is 1.2 million tonnes of copper concentrates 
per year. The smelter features two conventional rotary Anode Furnaces, 500 t capacity each, for 
the fire-refining of blister copper to 99.5 wt% Cu anode copper. Both anode furnaces are served 
by a single casting facility comprised of two fully-automated 18-mould casting wheels.  
 
This paper describes the selection, installation and commissioning of porous plugs featuring 
nitrogen gas purging in both Anode Furnaces. The decision to install porous plugs was taken in 
November 2016 and the facilities were successfully commissioned on both anode furnaces in 
October 2017.  
 
The project was successful and has demonstrated the following process improvements: 
• reduction in energy consumption (fuel consumption)  
• larger average charge sizes due to fewer accretions 
• reduction in average cycle time 
• improvements in slag skimming operations 
• improved casting rates 
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Copper Smelter Updates II + Flash Smelting - Chair: David 
George Kennedy 
Meeting Room 10 
2:00 PM - Presentation 593109 
Kansanshi Copper Smelter: the First Four Years of Operation 
Simon P. Hunt, Kansanshi Mining Plc. 
David deVries, Kansanshi Mining Plc. 
 
ABSTRACT Kansanshi Copper Smelter began operation in March 2015. The smelter features a 
single Isasmelt Furnace for smelting, one 6-in-line Electric Furnace for matte-settling and slag-
cleaning duties, four Peirce-Smith Converters and two conventional rotary Anode Furnaces. A 
1,450 t/day Oxygen Plant and a 4,300 t/day sulphuric Acid Plant are included in the smelter 
operations. 
 
This paper gives an overview of the operational performance to date with summary data for each 
smelter section. Challenges such as an unforeseen refractory failure in the Isasmelt furnace in 
2016 are discussed. Design improvements around the Electric Furnace are mentioned. Plans for 
potential future improvements are put into context. 
 
A consistent focus on operations, maintenance and continuous improvement has seen the smelter 
easily achieve its nameplate capacity of 1.2 million tonnes per annum of copper concentrate 
throughput. The smelter now operates consistently at a concentrate throughput rate of 1.38 
million tonnes per annum of copper concentrate. 
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2:25 PM - Presentation 598518 
ASARCO LLC Hayden Smelter Converter Retrofit Project—An Update 
Krishna Parameswaran, tfgMM Strategic Consulting 
Amy Veek, ASARCO LLC Hayden Operations 
Matt Russell, Gas Cleaning Technologies, LLC 
Paykan Safe, Gas Cleaning Technologies LLC 
Alberto Fernandez, ASARCO LLC Hayden Operations 
 
ABSTRACT ASARCO LLC (Asarco) Hayden smelter has operated continuously (excepting 
minor labor or economic curtailments) since 1912. The current plant configuration comprises 
INCO flash smelting, Peirce Smith (P-S) converting and fire refining/anode casting. In order to 
comply with the U.S. Environmental Protection Agency (EPA) 1-hour National Ambient Air 
Quality Standards (NAAQS) for sulfur dioxide promulgated in June 2010, the Hayden smelter 
had to increase overall sulfur fixation from approximately 95 % to 99+ %, requiring a retrofit of 
the existing converter department. The converter retrofit project (CRP) involved: (1) installing 
three new 15x35-feet P-S converters to replace five older 13x30 feet converters; (2) installing 
more efficient primary and secondary hooding, adding a tertiary roof ventilation system and 
incorporating lime injection in the secondary hood baghouse; (3) installing new spray chambers 
and flues connecting to a new electrostatic precipitator (ESP)/fan delivering converter off-gas to 
the acid plant; (4) installing higher- pressure blast air compressors and delivery piping; (5) 
installing automated conveyor system for flux, reverts and scrap addition; (5) refurbishing matte 
and slag tapping ventilation systems; and (6) upgrading acid plant acid plant with a new full flow 
startup preheater, new acid coolers and a new gas cleaning system prior to the contact section. 
The CRP and related ancillary projects commenced in the first quarter 2018 and two converters 
and ancillary equipment started operations in April 2018 and the third converter was brought on 
line in November 2018. This paper discusses our experience in implementing the project, 
optimizing converter operations and presents technical and environmental performance data. 
 
2:50 PM - Presentation 594617 
Renewal of the Saganoseki Flash-Smelting Furnace 
Jae Hyung Hong, Pan Pacific Copper Co., Ltd. 
Yuki Soma, Pan Pacific Copper Co., Ltd. 
Tsutomu Ogawa, Pan Pacific Copper Co., Ltd. 
Toshihiro Nagato, Pan Pacific Copper Co., Ltd. 
 
ABSTRACT The Saganoseki flash furnace was built in 1973. The steel frames of the flash 
furnace were designed to absorb the expansion of refractories and contain expansion-absorbing 
materials between their frames and the skin plate. Expansion and deformation resulted in the 
furnace settler because of the repeated increase and decrease in temperature from more than 30 
maintenance shutdowns. Preliminary investigations were conducted to confirm the condition of 
the settler, and it was found that partial cracks accompanied the expansion in the lower layer of 
the refractories. As a result, the risk of molten-matte leakage increased. Based on the above 
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investigation, it was decided that the entire settler should be replaced by introducing a spring-
displacement structure that was capable of maintaining the furnace integrity over an extended 
period. 
The difficult redesign and rebuilding of the Saganoseki flash furnace was accomplished 
successfully and safely in 76 days from September to December 2017, as planned. Because of 
various redesigns, the furnace was changed to a flash-smelting furnace that can withstand higher 
thermal loads based on recent trends of copper concentrate with increased sulfur and reduced 
copper. The new furnace is operating smoothly at present. 
 
3:15 PM - Presentation 596538 
Comparison of Two Sizes of FSFs in the Głogów Copper Smelter 
Roksana Urbaniak, KGHM Polska Miedź S.A. 
Tomasz Gąbka, KGHM Polska Miedź S.A. 
Piotr Poks, KGHM Polska Miedź S.A. 
Leszek Garycki, KGHM Polska Miedź S.A. 
 
ABSTRACT In 2016 at Głogów Copper Smelter KGHM Polska Miedź S.A., after shutting 
down the shaft furnaces new FSF was launched. Currently, it is the only smelter with two direct 
to blister flash smelting furnaces in operation. The main difference between the vessels are the 
dimensions and production capacity. The new furnace design output is about 30% higher 
compared to the old flash smelting furnace working for 40 years. The paper presents a 
comparison of both FSFs operation, differences in technology and the way to optimize the 
process to maximize efficiency. 
 
Fundamental Metallurgy IV - Chair: David Robertson 
Meeting Room 9 
2:00 PM - Presentation 593815 
Integrated Experimental and Thermodynamic Modelling Study of the Multicomponent 
“Cu2O”-FeO-Fe2O3-CaO-SiO2-PbO-ZnO-Al2O3 System for Copper Smelting 
Maksym Shevchenko, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Viktoria Prostakova, Research Fellow, PYROSEARCH, Pyrometallurgy Innovation Centre, The 
University of Queensland 
Evgueni Jak, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of Queensland 
 
ABSTRACT The copper smelting gas / slag / matte / metal / solids system with the Cu-Fe-Ca-
Si-O-S major elements has been a long-term focus of the present overall research program using 
integrated experimental and modelling approach for the phase equilibria characterisation and 
development of thermodynamic database. Present paper outlines a part of the overall program 
focusing on addition of PbO, ZnO, and Al2O3. A systematic investigation of phase equilibria of 
slag systems in equilibrium with Cu metal is providing information for systems where copper 
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coexists in slag with lead, zinc, and aluminium oxides as major components. 
Experimental studies involve high-temperature equilibration of synthetic samples; rapid 
quenching; and measurement of the compositions of equilibrium phases using electron probe X-
ray microanalysis (EPMA). Particularly important feature of the present study a wide range of 
temperatures (660-1670°C) being characterised that reveals major inconsistencies in existing 
thermodynamic description of the multicomponent system, and allows to establish the 
thermodynamic properties from phase equilibria in a reliable way. Many Cu2O-containing slags 
have complex thermochemistry involving formation of immiscible liquids that can be studied 
now with improved quenching and substrate technique. 
FactSage-based thermodynamic modelling is integrated with experimental research. Initial 
thermodynamic assessments are used to identify priorities for experiments, planned to provide 
specific data for thermodynamic optimisation. 
Significant improvement in the accuracy of the phase equilibria description is achieved, in 
particular in the PbO-Cu2O-SiO2, ZnO-Cu2O-SiO2, and Cu2O-CaO-Al2O3 systems in 
equilibrium with metallic Cu. Particular attention is given to the methodology of the integrated 
development of the database to facilitate more efficient addition to the database of new elements, 
and improving the multi-component database starting from the basic low-order subsystems. 
Examples of the use of the database for analysis of complex industrial systems will be given. 
 
2:25 PM - Presentation 594861 
Development and Applications of Thermodynamic Database in Copper Smelting 
Denis Shishin, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Peter C. Hayes, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Evgueni Jak, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of Queensland 
 
ABSTRACT A major research program is underway to develop a comprehensive, optimised 
thermodynamic database for the gas / slag / matte / metal / solids system with Cu-Fe-O-S-Si as 
major components, Al2O3, CaO, MgO as slagging components, and Pb, Zn, Ni, As, Bi, Sn, Sb, 
Ag, Au as minor elements. The database is to be used with the FactSage software package. The 
research program, which is being undertaken at the Pyrometallurgy Innovation Center, involves 
the integration of experimental phase equilibria studies and simultaneous thermodynamic 
database development. The outcome of the program is a tool that is capable to predict with 
higher accuracy a number of system properties essential for industrial processes including 
compositions of phases, phase equilibria, energy balance, chemical solubility of Cu in slag as a 
function of matte grade, temperature, P(SO2), Fe/SiO2 ratio in slag, wt% Al2O3, CaO and MgO 
in slag. All key process parameters are interrelated in industrial operations. For example, not 
only chemical solubility, but also the overall amount of slag is important for recovery of copper 
and other valuable metals. Other related factors are also critical including presence of solids in 
the slag matrix, the physical entrainment of matte in slag as well as other process parameters, 
such as energy balance. Oxygen enrichment and use of fuel affect the partitioning of minor 
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elements into the gas phase. The present study demonstrates the ways thermodynamic modelling 
can be used to link many process parameters of copper smelting.  
 
 
2:50 PM - Presentation 590991 
Experimental Study of the Gas/Slag/Matte/Spinel Equilibria in the “Cu2O”-“FeO”-SiO2-
S- Al2O3-CaO-MgO System at 1200°C and P(SO2) = 0.25 Atm 
Svetlana Sineva, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Taufiq Hidayat, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Denis Shishin, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Maksym Shevchenko, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Peter C. Hayes, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Evgueni Jak, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of Queensland 
 
ABSTRACT Effect of slagging components Al2O3, CaO and MgO on thermodynamics and 
phase equilibria of the gas/slag/matte system with major elements “Cu2O”-“FeO”-SiO2-S is 
characterised using integrated experimental and thermodynamic modelling approach. The 
experimental technique included high-temperature equilibration experiments using a spinel 
substrate in controlled gas atmosphere (CO/CO2/SO2/Ar), quenching of the sample and 
subsequent measurement of the compositions of equilibrium phases with Electron Probe X-ray 
Microanalysis (EPMA). Thermodynamic modelling is performed with the computer system 
FactSage. In previous experimental study on this system, the separate effects of Al2O3, CaO and 
MgO were determined. In the present investigation, the combined effects of these additional 
components are investigated at 1200oC and P(SO2) = 0.25 atm and a range of P(O2)’s. Special 
attention is paid to ensuring equilibria is achieved, for this reason possible kinetic factors are 
systematically analysed. The results obtained are presented in the form of graphs showing the 
compositions of matte and slag phases as functions of copper concentration (matte grade). The 
new experimental data are used for the improvement of the thermodynamic database for 
multicomponent copper-containing systems. The effect of slagging elements on this 
multicomponent system will be presented in the paper. 
 
3:15 PM - Presentation 593348 
Mineralogical Characterization and Metallurgical Processing of Seafloor Massive Sulfides 
from the German License Area in the Indian Ocean 
Marcus Sommerfeld, Department of Process Metallurgy and Metal Recycling (IME), RWTH 
Aachen University 
David Friedmann, Department of Process Metallurgy and Metal Recycling (IME), RWTH 
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Aachen University 
Ulrich Schwarz-Schampera, Federal Institute for Geosciences and Natural Resources (BGR) 
Bernd Friedrich, Institute of Process Metallurgy and Metal Recycling (IME), RWTH Aachen 
University 
 
ABSTRACT The steadily growing demand for metals and their price increase at metal 
exchanges make the mining and utilization of marine mineral resources like polymetallic 
nodules, manganese crusts or sulphide deposits in the near future a viable option to potentially 
increase the supply of base and precious metals. For a country with low potential to mine land-
based resources like Germany, the industrial recovery of metals from marine mineral resources 
could lead to a decreased dependency on imports. In this study, seafloor massive sulphides from 
the German license area in the Indian Ocean (Kairei field, Southern Central Indian Ridge) are 
treated to recover copper and precious metals. The aim of the project is to demonstrate the 
transferability of existing metallurgical techniques to the raw material of deep-sea massive 
sulphides. As a starting point to process this unconventional resource, samples from the Indian 
Ocean are chemically analyzed and mineralogical characterized. A comparison is carried out 
between the samples and land-based copper resources, to highlight the potential which lies in 
mining the deep-sea floor. This paper will show the general possibility of applying a two-stage 
pyrometallurgical process, based on a concentrate smelting operation, followed by a converting 
operation in lab-scale to the provided samples of massive sulphides. Generated slag from the 
concentrate smelting and the converting operation are investigated by X-ray diffraction to 
determine the mineralogical composition. The two-stage pyrometallurgical process is 
investigated by the thermochemical modelling tool FactSageTM 7.2 to evaluate the phase 
distribution of relevant elements between the metal, matte, slag and gas phase. The 
thermochemical boundaries of the pyrometallurgical process are therefore set and the results of 
the thermochemical study can be used as an indicator for the efficiency of an up-scaled process 
and the generated amount of side-streams, which need to be further treated or circulated back 
into the process. 
 
Fundamental Metallurgy V - Chair: David Robertson 
Meeting Room 9 
4:05 PM - Presentation 586813 
On the Use of Copper Concentrates Blended with Complex Gold Concentrate for Gold 
Recovery Using the SKS Smelting Process 
Jie Yan, China ENFI Engineering Corporation 
 
ABSTRACT A series of production technologies are described for gold recovery from complex 
gold concentrate blended with copper concentrate treated in the SKS smelting process 
comprising: 1) Feed preparation and proportionate feeding of complex gold concentrate and 
copper concentrate; 2) SKS smelting gold recovery operation and process control technology 
developed based on reaction mechanism, process simulation and slag formation optimization 
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study; 3) a dry-process quenching arsenic collection technology developed during de-
bottlenecking severe restriction of SO3 in the off-gas on As collection system by suppressing and 
eliminating SO3 in off-gas as a result of optimizing SKS smelting process conditions and 
spraying caustic soda absorbent so as to reduce off-gas dew point temperature; 4) electrorefining 
of impure anodes; 5) technology for recovering such precious metals as Au, Ag, Pt, Pd, etc. from 
high-Sb copper anode slime produced as a result of gold recovery from complex gold 
concentrate by using SKS smelting process. 
 
 
4:30 PM - Presentation 594899 
Fundamental Analysis for an Improved Multi Metal Recovery by Combining Copper and 
Lead Metallurgy 
Christoph Zschiesche, Aurubis AG 
Gerardo Raul Fernando Alvear Flores, Aurubis AG 
Mehmet Ayhan, Aurubis AG 
Jürgen Antrekowitsch, Montanuniversität Leoben Austria 
 
ABSTRACT Synergies between copper and lead extractive metallurgical processes enable the 
processing of a broad range of polymetallic materials. However, this complexity also brings 
some challenges expressed in terms of complex intermediates and final products. For instance, 
based on the limited solubility of Cu and Ni in crude lead bullion additional phases will appear 
during the crystallization of the melt. Beyond the need for continuous optimization of metallurgy 
the control of phase solidification is a further important pillar to achieve a more efficient process 
by minimizing the amount and cycles of reverts. This paper describes the microscopy study of 
one of the most relevant intermediate in the Cu and Pb metallurgy, the Cu based alloy and 
highlights the importance of applying a well-controlled cooling sequence to improve the overall 
process efficiency. 
 
4:55 PM - Presentation 595369 
Effect of CaO and Al2O3 on the Liquidus Lines of the Cu2O-Fe2O3-SiO2 System in 
Equilibrium with Metallic Copper 
Hector Mario. Henao, Technical University Federico Santa Maria 
Erik Kohnenkamp, Technical University Federico Santa Maria 
Lisa Rojas, Technical University Federico Santa Maria 
 
ABSTRACT The Cu2O-Fe2O3-SiO2 system describe the generated slag use in the production 
of blister copper during the conversion of high grade mattes (mattes with copper concentration 
>68 wt%). The addition of Al2O3 and CaO in the process has the potential of reduce the 
proportion of solids in the produced slag, thus improve the converter process operation. 
However, thermodynamic information about the effect of these components on the Cu2O-
Fe2O3-SiO2 system is scarce. The present work aimed to obtain experimental data for the effect 
of Al2O3 and CaO on the liquidus lines of the Cu2O-Fe2O3-SiO2 system in the region of high 
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concentration of Cu2O (>40 wt%) in equilibrium with metallic copper at temperatures of 1200 
°C and 1250 °C. We found that the addition of Al2O3 and CaO expand the area of the liquid 
phase of the Cu2O-Fe2O3-SiO2 system in equilibrium with tridymite. 
 
Smelting and Converting Technologies IV - Chair: Cameron 
Harris 
Meeting Room 11 
4:05 PM - Presentation 592323 
Cobalt Recovery from Southern African Copper Smelters 
Rodney T. Jones, Mintek & University of the Witwatersrand 
Christoph Pawlik, Mintek 
 
ABSTRACT Cobalt occurs together with copper in the southern African copper belt, and a large 
portion of this cobalt ends up in copper smelting slags, mostly dissolved in oxide form. It is 
possible to achieve high recoveries of cobalt by reductive smelting of the copper slags, using 
some form of carbon as a reducing agent in an electric furnace. For example, a 40 MW DC arc 
furnace was operated at Chambishi Metals in Zambia from 2001 to 2008, and demonstrated 
cobalt recoveries of around 80% from slag to an iron-rich alloy containing copper and cobalt. 
The alloy was atomized prior to leaching. With the recent increase in demand for cobalt (and the 
resulting high metal prices), there has been increasing interest in this process route. There is also 
an alternative hydrometallurgical process for recovering the valuable metals from the slag. The 
choice between these process options requires a trade-off between capital and operating cost and 
environmental acceptability. This paper examines the potential for cobalt recovery from slags, 
and outlines various process options. 
 
4:30 PM - Presentation 600345 
Development and Improvement of Submerged Lance Converting & Refining Furnace of 
Dongying Fangyuan’s Two-Step Process 
Zhi Wang, Dongying Fangyuan Nonferrous Metals Co., Ltd 
Zhixiang Cui, Dongying Fangyuan Nonferrous Metals Co., Ltd 
Haibin Wang, Dongying Fangyuan Nonferrous Metals Co., Ltd 
Wenzhao Cui, Dongying Fangyuan Nonferrous Metals Co., Ltd 
Zhiwei Huang, Dongying Fangyuan Nonferrous Metals Co., Ltd 
 
ABSTRACT Two-step copper smelting process developed by Dongying Fangyuan Company 
(Fangyuan) was industrialized in October of 2015 and has been running for 32 months. As the 
unique short-flow and continuous smelting process, the parameters have been improved 
significantly after almost three years. In the first half of 2018, the feeding rate is above 200t/h 
and availability is up to 97.5%. OPEX is about 20% lower than the conventional three-step 
processes showing obvious economic advantage. The production line at Fangyuan is composed 
of “1 Submerged Lance Smelting furnace (SLS) + 2 Submerged Lance Converting& Refining 
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furnaces (SLCRs) while two SLCRs work alternatively to keep continuous operation. Liquid 
white metal (WM) produced by the SLS is transferred into one SLCR, where both converting 
and refining take place. SLCR is an original and independent innovation of Fangyuan. This paper 
presents the R&D and improvement of SLCR accomplished by Fangyuan. 
 
Copper Smelter Updates III + Flash Smelting - Chair: David 
George Kennedy 
Meeting Room 10 
4:05 PM - Presentation 596763 
When to Chose Direct to Blister Smelting Process 
Robert C. West, Worley Pty Ltd 
Tak Seng Kho, Worley Pty Ltd 
Michael E. Reed, Front End Solutions, Worley Pty Ltd 
Lincoln Thompson, WorleyParsons 
 
ABSTRACT In 1978 the Outotec direct to blister flash smelting process was commercialized 
with the commissioning of the Glogow2 smelting facility in Poland. Since then four further DBF 
facilities have been constructed, two at Olympic Dam, and one in Zambia and then most recently 
one in Glogow 1 in Poland. The DBF smelting process differs considerably from conventional 
smelting process in both chemistry and unit operations presenting opportunities for flowsheet 
CAPEX and OPEX savings particularly when the concentrate Cu grade is high.  
WorelyParsons has amassed considerable expertise in the Direct to Blister process and in this 
paper the process is compared to conventional smelt-convert processes. The processes are 
modeled and the key operating parameters, consumables and production metrics are directly 
compared. Subsequent flowsheets, key equipment lists and capital costs are also presented for 
comparison and discussion, Operational experience is also drawn upon to discuss safety 
considerations. The results show the range of concentrates which are most economically treated 
by the DBF process relative to those best treated in conventional processes along with those 
concentrates which could be treated by either process. 
 
4:30 PM - Presentation 592129 
Heat Balance Control Changes- Further Steps and Safety Issues 
Michael E. Reed, Front End Solutions, Worley Pty Ltd 
Robert C. West, Worley Pty Ltd 
Tak Seng Kho, Worley Pty Ltd 
WeiWei V. Zhang, Worley Pty Ltd 
 
ABSTRACT The control of flash furnace heat balances is critical, suspension smelting control 
and stability comes from stable operation of the heat balance and in particular the reaction shaft 
exit temperature. A number of flash furnace operations have been reviewed to determine if the 
application of this approach is valid. 
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The cause and effect relationship between reaction shaft exit temperature with uptake and throat 
build up is being enhanced with this work program. Our operating personnel are exposed to the 
operational hazards of cleaning this buildup from the throat and it is imperative that as an 
industry we continue to look for repeatable solutions. 
WorleyParsons have reviewed the operational data of a number of flash furnaces and looked at 
the possible improvements that can be made to decrease variation in the reaction shaft exit 
temperature. 
 
4:55 PM - Presentation 593961 
Towards Comprehensive Model of the Flash Smelting Furnace 
Ari Jokilaakso, Aalto University 
Pekka Taskinen, Aalto University 
 
ABSTRACT The Flash Smelting Process for copper production has been one of the most 
successful new process developments in the 20th century. It today accounts for around half of the 
global primary copper production. During the decades, it has been extensively studied in 
laboratory, pilot and industrial scales for finding ways to improve yield, impurity separation, and 
overall optimization. The experimental data from laboratory scale investigations of ‘single-
particle’ studies has produced information and insight into the reaction mechanisms and kinetics 
of the reactions of copper concentrates. On the other hand, there were many attempts already in 
‘70s to mathematically model the flash smelting phenomena, but more advanced models 
coupling chemical reactions with a Computation Fluid Dynamics (CFD) software became 
possible with the development of commercial CFD software together with increased computing 
power.  
Currently, there are both experimental and CFD modelling (also CFD-DEM coupling) studies 
ongoing for investigating the kinetics of matte – slag reactions in the FS settler. The behavior of 
impurities as well as elements from Waste Electrical and Electronic Equipment (WEEE) or End-
of-Life (EoL) energy storage materials are studied in laboratory scale experiments. These 
researches aim at developing a full scale model of the FS settler with the commercial software 
coupled with user-defined-functions (UDF) of the reaction kinetics. 
The ultimate goal is to develop a comprehensive FSF model for studying the behavior of 
different raw materials, and distribution of their elements between phases. This would enable the 
optimization of feed mixtures and operating conditions and practices e.g. in tapping slag and 
matte either intermittently or even continuously. The use of UDF’s is one way to digitalize 
metallurgical knowledge and experimental information to be used for supporting process experts 
and development of artificial intelligence applications in metallurgy. 
The remaining challenges for the comprehensive model development are in the required 
computing power as already the physical settling phenomena take several days with super 
computers, and in validating the settler modelling results as there are hardly any ways to get data 
from an industrial FSF settler. In this paper, a review of the development of the FSF reaction 
shaft modelling and experimental investigations, and the current work for the settler reactions’ 
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experiments and modelling are presented. 
 
Copper 2019: Sustainability & Waste Management 
Sustainable Development & Copper - Chair, Roki Fukuzawa 
Meeting Room 18 
10:25 AM - Presentation 598747 
Sustainable Development and the Primary Copper Industry: Past, Present and Future 
Krishna Parameswaran, tfgMM Strategic Consulting 
 
ABSTRACT This paper builds on presentations made at the Conference of Metallurgists (COM) 
2015 entitled “Sustainable Development and Mining: Oxymoron or Rx for a Bright Future,” and 
at COM 2017 entitled “Energy Use, Conservation and Eco-efficiency Considerations in the 
Primary Copper Industry.” Based on the classic Brundtland Commission definition of sustainable 
development as “development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs,” the paper attempts to track how 
sustainability considerations have been applied in the past, currently and how they may be used 
in the future using examples of sustainable development practices by the primary copper 
industry. The paper will discuss important concepts in sustainable development, sustainability 
metrics and reporting and approaches to how company strategy can be aligned to the United 
Nations sustainable development goals.  
 
 
11:15 AM - Presentation 594017 
Environmental Emissions Management at the La Caridad Copper Smelter 
Daniel Brosig, Gas Cleaning Technologies LLC 
Paykan Safe, Gas Cleaning Technologies LLC 
Bobby Randhawa, Gas Cleaning Technologies LLC 
Leopoldo Mariscal Samaniego, Metalurgica de Cobre S.A. de C.V 
Jose A. Puente, Metalurgica de Cobre S.A. de C.V 
Matt Russell, Gas Cleaning Technologies, LLC 
 
ABSTRACT The La Caridad copper smelter, located in Nacozari, Mexico, have started a multi-
year plan to reduce sulphur dioxide and particulate matter emissions into the environment. In 
2014 the smelter completed a voluntary plant-wide SO2 process emissions inventory as part of 
the smelter’s proactive environmental stewardship policy. In turn, this triggered the development 
of several environmental projects to alleviate these emissions. A strategy consisting of improved 
capture efficiency of the sources with greatest impact has been followed to maximize cost-
effectiveness. The reduction of secondary emissions from the Teniente Converter, as well as of 
primary and secondary emissions from the Peirce-Smith Converters have been key areas of 
priority. Additionally, a new system to capture and recover particulate matter from the Anode 
Refining Furnaces off-gas is also in the process of being implemented. This paper presents an 



 
Tuesday, August 20 

114 
 

overview of the work developed behind this effort and the smelter’s vision towards a greener 
future. 
 
11:40 AM - Presentation 594543 
Flowsheets of the Future 
Robert Matusewicz, Outotec Pty. Ltd. 
Jouni Pihlasalo, Outotec Research Center 
Marko Olavi. Lampi, Outotec (Finland) Oy 
Ross Andrews, Outotec Pty. Ltd. 
Jacob Wood, Outotec Pty Ltd 
 
ABSTRACT With widespread discussion on reducing carbon, sulphur and other emissions, use 
of sustainable energy sources and the pivotal circular economy theme, consideration needs to be 
given to pyrometallurgical operations broadly and more specifically, non-ferrous metallurgy. 
These themes present a number of challenges in terms of current operations and the view of 
processing the metals which are largely taken for granted in day to day living.  
 
This paper considers how these themes will impact pyrometallurgical flowsheets using the non-
ferrous base metals as an example. It will examine the flowsheet chain to offer views on the 
boundaries of flowsheet optimization and the application of available tools to meet these future 
goals and challenges. 
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Arsenic in Copper I - Chair, Etsuro Shibata 
Meeting Room 18 
2:00 PM - Presentation 590724 
Necessity an International Scheme for Assessment on Arsenic Treatment Facilities 
Takashi Nakamura, The University of Tokyo 
Nobuo Yamazaki, Senior Analyst 
 
ABSTRACT Supply of fine copper ores which are high copper concentration and low impurities 
like Arsenic has declined year by year. Then, both mine and smelter sides have to be considered 
how to remove impurities like Arsenic. We focus Arsenic as an impurity which becomes 
extremely importance issue from environmental point of view. Even now about 150,000 tons of 
Arsenic have input into copper industry every year. A small part of it has been mainly treated in 
smelting side. For instance, Codelco in Chile has operated calcination process to remove Arsenic 
from high content Arsenic ore and flue gas in the process has washed by water and final residue 
has treated by hydrometallurgical process.  
Many processes for removal of Arsenic in various stage have proposed and several bottlenecks 
exist to achieve it. One of difficulties is getting an assessment of the process in local area. Now it 
depends on countries and/or area where it will operate. Standardization of assessment procedure 
will be desired in near future to keep same environment standards in all over the world. A time 
comes to start to make discussions on this matter. This is a first step to make an international 
procedure of an assessment for Arsenic treatment in copper industry.  
 
2:25 PM - Presentation 595289 
Trends and Treatment of Arsenic in Copper Mining 
Carlos Rebolledo, Ecometales Limited 
Nelson Parra, Ecometales Limited 
 
ABSTRACT Arsenic is an unresolved problem in the mining industry considering that most of 
the new copper deposits have high arsenic contents; stricter environmental restrictions for 
handling, transporting and processing complex materials are expected and stable abatement of 
arsenic is not extensively applied. In 2018 Chile produced 24.5% of the total copper from 
concentrates and in the future it is expected that copper production in Chile will raise, mainly 
associated to production of concentrates that will also have more arsenic. China has set a 
benchmark maximum of 0.5% for the arsenic content in copper concentrates and in the future it 
is expected that this value is going to be more restrictive. On the first day of 2018, China banned 
the importation of scrap. Blending practice has been a business option, but it is not sustainable in 
the future, as the “cleaner” Cucons are getting less clean.  
New regulations in Chile started by the end of 2018, increasing the capture of SO2 and arsenic to 
95%. In order to comply with these regulations investments were done in Chilean smelters. 
Together with disposing arsenic as a stable residue the recovery of valuable metals (Ag, Au, Ge, 
etc) should be developed.  
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EcoMetales is a 100% subsidiary of Codelco that delivers environmental solutions in the mining 
industry together with the recovery of valuable metals. It has a plant near Calama in Chile where 
it treats flue dust from smelters, refinery effluents and acid solutions from acid plants.  
EcoMetales is fully committed to contribute to the solution of treating arsenic. Currently is 
developing four main projects: 1) PLCC project, which considers the treatment of 200 ktpy of 
copper concentrates with arsenic from the northern district of Codelco; 2) EPAS DET project 
which considers the treatment of 700 m3/d of weak acid solution from the acid plant of Division 
El Teniente of Codelco; 3) Borras project, which considers the recovery of valuable metals (Cu, 
Ag, Ge, Pb) from the flue dust leaching plant and 4) Tailings project, which considers the 
recovery of minor elements from tailings. The purpose of this work is to present the trends and 
treatment processes regarding arsenic handling in copper mining industry.  
 
2:50 PM - Presentation 538079 
A Comparison of Roasting Technologies for Arsenic Removal from Copper Concentrates 
Kamal Adham, Hatch Ltd 
Cassandra Lee, Hatch 
Sabrina Francey 
A.M.S. Hussein 
David Lemieux 
Jean-Philippe Mai 
 
ABSTRACT Copper concentrates are containing an increasing amount of arsenic, as the older 
and cleaner ores are being depleted. Heating the concentrate to about 700℃ can remove 
significant amounts of arsenic (as elemental and/or sulfide) however, it is important to achieve 
that removal economically and with due consideration to post-roasting arsenic (toxic waste) 
treatment. A comparison is made among different roasting options (kilns, multi-hearths and fluid 
beds) in order to qualify their potential application to arsenic roasting of copper concentrates. 
Both direct and indirect methods of heating as well as inert, air and oxygen atmosphere options 
are considered. Technology comparisons are made with respect to the roaster’s operation and its 
off-gas treatment (dust removal and arsenic fixation). 
 
3:15 PM - Presentation 588077 
Study on Selective Removal of Arsenic from Black Copper Sludge 
Zhiyong Liu, Central South University 
Wei Yao, Central South University 
Qihou Li, Central South University 
 
ABSTRACT Black copper sludge, which mainly contains copper, arsenic and a little antimony, 
bismuth, selenium, tellurium, is an important recyclable secondary resource. In this paper, 
selective removal of arsenic from black copper sludge by alkaline oxidative pressure leaching 
was studied. The influences of alkali concentration, leaching time, leaching temperature, oxygen 
pressure, liquid-solid ratio and other variables on the leaching rate of arsenic, copper and 
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tellurium were investigated. The results were as follows: when the leaching process was 
conducted at initial alkali concentration of 1mol/L, liquid-solid ratio of 10, stirring rate of 
500r/min, leaching temperature of 140°C for 5 h and oxygen pressure of 2.5MPa, the leaching 
rates of arsenic and tellurium were 85.43% and 59.7% respectively, and copper, antimony, 
bismuth were not leached. Hence, arsenic has been removed effectively from black copper 
sludge, while the valuable metals such as copper, antimony and bismuth remained in the residue 
that can be further recovered easily.  
Arsenic in Copper II - Chair, Takashi Nakamura 
Meeting Room 18 
4:05 PM - Presentation 592292 
Separation of Arsenic and Recovery of Antimony and Tin from Silicate Slag in Nonferrous 
Smelter 
Etsuro Shibata, Institute of Multidisciplinary Research for Advanced Materials, Tohoku 
University 
Atsushi Iizuka, Institute of Multidisciplinary Research for Advanced Materials, Tohoku 
University 
 
ABSTRACT This study was aimed at separating and recovering arsenic, antimony, and tin from 
refining byproducts generated in a nonferrous smelter. The target byproduct was a silicate slag 
containing the above elements. The silicate glass structure of the slag was destroyed by alkali 
roasting, which then enabled leaching of arsenic, antimony, and tin in solution effectively. 
Arsenic was selectively leached out by hot water after alkali roasting of the slag, while remained 
antimony and tin in the residue were leached out by a hot hydrochloric acid solution. However, 
when the solid-liquid ratio in the leaching solution was increased, hydrous gelatinous silica (gel-
like silica) was formed during the hydrochloric acid treatment and filtration became difficult. 
Therefore, high-temperature and high-pressure leaching was attempted to improve the 
filterability of the silica leaching residue. In the high-temperature and high-pressure treatment, 
the hydrous gel-like silica was transformed into easily filterable aggregated silica, and thus, 
filtration became easy. By investigating the neutralization and sulfurization treatment for the 
obtained hydrochloric acid leachate (second leachate), it was possible to separate antimony and 
tin. 
 
4:30 PM - Presentation 595477 
Selenate Removal from Waste Water by Direct Chemical Reduction 
David Dreisinger, The University of British Columbia 
Maryam Mohammadi, University of British Columbia 
Brent Murphy, Seabridge Gold 
Jianming Lu 
Berend Wassink 
Clem Pelletier 
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ABSTRACT Chemical reduction of selenate by chromous ions was proposed as a novel method 
to remove selenate from waste waters. Chromous ions were generated by electrochemical 
reduction of chromic ions using an electrochemical cell. The investigation was conducted in 
sulfate medium and under various concentrations of chromous ions (0.0062 to 0.05M), pH 1 to 
2.2 and temperature 10 to 60 °C. Selenate ions were rapidly reduced by chromous ions to 
hydrogen selenide. The overall reaction at a chromous/selenate molar ratio of 8 or higher can be 
expressed by the following reaction. SeO42- + 8Cr2+ + 10H+ = H2Se + 4H2O + 8Cr3+ (1) At 
an initial chromous/selenate molar ratio below 8, the products are hydrogen selenide and 
elemental selenium. At a lower chromous/selenate molar ratio and pH, more elemental selenium 
and less hydrogen selenide are produced. The reduction kinetics is controlled by both chromous 
ion and hydrogen ions concentrations. The reaction rate is first order with respect to selenate, 
hydrogen ion and chromous ion concentrations. It was found that the selenate reduction rate with 
chromous is independent of the concentration of sulfate present in the solution. The general rate 
equation was proposed and the rate constant was calculated as k= 0.38 M-2s-1. An activation 
energy of 58.7 kJ/mol was obtained in the temperature range from 10 to 50°C. Nearly 100% of 
selenate can be reduced to H2Se from solution containing 17 ppm selenate in less than 30 
minutes at pH 2.2 and 60 ◦C. Various strategies have been tested to remove the produced H2Se 
from solution.  
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COM 2019: 2nd China-Canada Nonferrous Metallurgy 
Forum 
China-Canada I 
Meeting Room 14 
8:00 AM - Presentation 599357 
Application-Oriented Copper Development in China 
Xujun Mi, GRIMAT Engineering Institute Co.,Ltd 
 
ABSTRACT Copper alloys with excellent properties are widely used in many fields. The author 
will introduce copper alloys applied in transmission cable with excellent electricity and strength, 
applied in electrical connectors with excellent elasticity, applied in anti-corrosion components 
and parts with excellent corrosion property and also some new copper alloys which developed 
recently. From the fabrication, process, heat treatment and analysis of microstructures, the author 
will share the new results and experience in the area of application-oriented copper development 
in China. 
 
8:50 AM - Presentation 592825 
Investigating Parameters Effecting Sulfur Transfer in Laterite Calcination 
Muhammad Haziq Uddin, University of British Columbia 
Ian Candy, Hatch 
Leili Tafaghodi khajavi, University of British Columbia 
 
ABSTRACT Sulfur is one of the most harmful impurity element in nickel products. It forms 
non-metallic inclusions, which act as stress concentrators and degrade material properties. Crude 
Ferronickel product, obtained by processing laterite ores in Rotary Kiln-Electric Furnace (RKEF) 
setup, contains upto 0.4 wt % S, which is significantly higher that the market’s acceptable limit 
of 0.03 wt % S. It is believed that additional sulfur originates from coal added to the rotary kiln 
as fuel and reductant during calcination stage. It is also hypothesized that variables such as wt % 
coal added as the reductant, wt % S in the burner coal, and the ore particle size affect the 
concenteration of sulfur in the calcine. The experiments were conducted in an electrical rotary 
furnace. The prelimnary results showed that S in the calcine is related to S wt % in the burner 
coal and the amount of coal added in the rotary furnace as the reductant. The findings of this 
research will help with minimizing the S content in the final calcine product, which in turn will 
reduce the load of the refinery.  
 
9:15 AM - Presentation 594711 
Recovering Cobalt and Copper from Copper Converter Slag by Reduction-Vulcanization 
Process 
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H. X. Li, Zijinshan Gold & Copper Mine, Zijin Mining Grpup Co. Limted 
k. Du, School of metallurgical and ecological engineering, University of science and technology 
K.H. Xu, GEM Co., Ltd, 
Xueyi Guo, Central south university 
 
ABSTRACT Copper converter slag is rich in copper and cobalt whose mass fractions are 9.55% 
and 1.82%, respectively, and which have high industrial recovering value. The phase 
composition of the converter slag is analyzed by XRD, indicating fayalite and magnetite are 
main phases of the slag. The reduction-vulcanization process is adopted to recover cobalt and 
copper for its advantage of lower energy consumption, higher recovery rate, smaller equipment 
area, higher production efficiency, and etc. Engineering experiments on the influence factors of 
recovery rates of cobalt and copper are conducted, which indicate that with the additive amounts 
of industrial pulverized coal, pyrite, industrial copper sulfide are 5%, 10%, 20% amount of the 
slag, and melting temperature and holding time 1400°C and 1.5 h, respectively, the recovery 
rates of Co and Cu can reach 92.7% and 94.1%, respectively. 
 
China-Canada II 
Meeting Room 14 
10:05 AM - Presentation 592939 
Recovery of Iron from Tailings of Roasting-cyaniding Process by Coal-Based Magnetizing 
Roasting 
Kaiwei Dong, Northeastern University 
Feng Xie, Northeastern University 
Wei Wang, Northeastern University 
Yongfeng Chang, Northeastern University 
 
ABSTRACT Recovery of iron from cyanide tailings by coal-based magnetizing roasting was 
studied. The effects of roasting temperature, roasting time and reductant addition on Fe2O3 to 
Fe3O4 conversion in the process of magnetizing roasting were studied by chemistry titration, 
XRD and SEM-EDS. For the cyanide tailings, optimal roasting conditions were determined that 
the roasting temperature is 645℃, the roasting time is 45 minutes, and the C/O is 3, which means 
4.46 wt% anthracite addition in the mixture. Under the optimal conditions，the magnetic 
susceptibility of roasting clinker is 2.34, which means the Fe2O3 to Fe3O4 conversion is almost 
completely. The evolution of the mineralogy and microstructure during magnetizing roasting was 
analyzed by XRD and SEM-EDS. The corresponding roasting mechanism is discussed. 
 
10:30 AM - Presentation 594529 
Silicon Refining via Simultaneous Solvent and Slag Refining 
Golam Ismot Ara Taposhe, University of British Columbia 
Ali Hosseinpour, University of British Columbia 
Leili Tafaghodi khajavi, University of British Columbia 
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ABSTRACT Among the current renewable energy sources, solar power is generally considered 
as one of the most suitable for satisfying the demand for clean energy. Silicon (Si) accounts for 
over 90% of today’s photo voltaic materials and is perhaps the most appropriate for fulfilling the 
demand for solar materials. A metallurgical method for Si refining is considered to be 
significantly more energy efficient than the present industrial route, i.e. Siemens process. 
Therefore, an interest has grown to develop alternative silicon refining processes with lower 
energy requirement. Simultaneous application of solvent refining and slag treatment has been 
employed in order to remove phosphorous and boron from Si. Various mixtures of oxides 
including silicon dioxide, calcium oxide, aluminium oxide and sodium oxide were employed as 
the slag phase. The effect of the slag composition on the removal efficiency of phosphorus and 
boron is investigated. 
 
10:55 AM - Presentation 595862 
Concentration of Apatite and Ilmenite from an Iron-Beneficiation Tailing 
Lixia Li, Northeastern University 
Zhitao Yuan, Northeastern University 
Quan Feng, Shenyang Wuhuan Science and Technology Co., Ltd. 
Qiang Zhang, Shenyang Wuhuan Science and Technology Co., Ltd. 
 
ABSTRACT In china, large amounts of values were lost in beneficiation tailings. In an iron-
beneficiation tailing, apatite and ilmenite were the two valuable minerals with P2O5 of 1.81% 
and TiO2 of 3.50% respectively. The tailing was firstly ground to a fineness of -0.074 mm 
passing 55%. Aiming to enrich apatite and ilmenite, flotation and gravity separation methods 
were utilized correspondingly by evaluating various technologies in terms of separation 
efficiency and environmental friendliness. In the flotation tests of apatite, collector type, 
collector dosage, depressant dosage, pH, and retention time of roughing were optimized. Results 
of locked-circuit flotation of one roughing, two scavengerring, and two cleaning showed an 
apatite concentrate was obtained with a P2O5 content of 37.84% and a recovery of 94.87%. The 
apatite-concentration tailings were then pre-treated by magnetic separation and concentrated 
employing shaking table. A concentrate with TiO2 content of 45.88% and recovery of 38.48% 
was acquired taking advantage of gravity separation method including one roughing, one 
scavengerring, and two cleaning. 
 
China-Canada III 
Meeting Room 14 
2:00 PM - Presentation 591331 
Acid Leaching of Pure Gold in Ferric Chloride Media: Effect of Process Variables 
Kresimir Ljubetic, UBC 
Wenying Liu, UBC 
Yeonuk Choi, YaKum Consulting Inc. 
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ABSTRACT This study investigated the feasibility of using ferric chloride as an alternative to 
cyanidation for treating low grade sulfidic gold ores at moderate temperatures. Using pure gold 
wire as an initial model system, we studied the effect of initial ferric concentration, solution 
ORP, chloride concentration, and temperature on gold extraction by carrying out batch reactor 
leaching tests. Gold extraction was calculated by measuring the weight loss of the wire during 
leaching. The experimental results showed that gold extraction increased with increasing ferric 
concentration up to 16.8 g/L. Increasing chloride concentration had a positive impact on gold 
dissolution, because increasing this variable lowered the potential at which gold started to 
dissolve. The dissolution potential was 860 mV at 32 g/L of chloride as opposed to 825 mV (vs 
SHE) at 106.7 g/L. Increasing temperature also had a positive effect, with the gold extraction 
reaching 87.6% at 55 ºC. For all conditions tests, thermodynamic calculations showed that gold 
dissolved mainly as aurous chloride complex. The results show that gold leaching in ferric 
chloride media is feasible, provided that higher chloride and temperature are supplied.  
 
2:25 PM - Presentation 595928 
Production of 1N Selenium from Copper (I) Selenide Using Atmospheric Acidic Chloride 
Leaching – A Novel Approach 
Dan Oliric Manaig, The University of British Columbia 
Lukas Bichler, The University of British Columbia 
Deborah Roberts, The University of British Columbia 
Greg Richards, Teck Resources 
 
ABSTRACT In terms of cost effectiveness and environmental concern, selenium (Se) extraction 
via hydrometallurgical route has shown a greater promise than pyro-related metallurgical 
methods. Recent hydrometallurgical process enabled selenium recovery from anode slimes using 
H2SO4 with MnO¬2 and NaCl as additives, which avoided (1) emission of corrosive gases in 
pyro-, pyro-hydro, and hydro-pyrometallurgical methods, and (2) Cl2 evolution and corrosion 
problems in wet chlorine leaching. However, most, if not all, hydrometallurgical methods 
involve selenium dissolution into aqueous medium, requiring further reduction of oxidized 
soluble Se species (Se4+ and Se6+) into elemental selenium (Se0) thereafter. Therefore, this 
research proposes a novel approach in selenium extraction: direct production of Se0 from copper 
(I) selenide in atmospheric acidic chloride leaching. Preliminary tests on pretreated copper 
selenide (predominantly Cu2Se) from Teck Resources in H2SO4-NaCl media obtained 1N crude 
selenium at > 90% Se recovery and > 90% Cu recovery in solution.  
 
2:50 PM - Presentation 592408 
Development of a Cadmium Removal Process for Vale’s Long Harbour Hydrometallurgy 
Plant 
P. C. Holloway, Sherritt Technologies, Sherritt International Corporation 
M. J. Collins, Sherritt Technologies, Sherritt International Corporation 
R. Lopetinsky, Sherritt International Corporation 
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Alain Tshilombo, Sherritt International Corporation 
T. Xue, Vale 
I. Mihaylov, Vale 
M. Reid, Vale 
J. Vanpuymbroeck, Vale 
J. Wall, Vale 
M. Jones, Vale 
 
ABSTRACT The Voisey’s Bay deposit contains trace of cadmium, which reports to solution 
during pressure leaching of the nickel concentrate at Vale’s Long Harbour Hydrometallurgy 
Plant, and must be removed to produce high quality nickel cathode. In 2006, Vale approached 
Sherritt Technologies to collaborate on the development of a process for removing cadmium to 
low levels. This paper presents the results of this collaboration and the challenges that were 
encountered through each stage of development, as well as current results from operation of the 
commercial cadmium removal circuit. 
 
3:15 PM - Presentation 593972 
Effect of Oxidant and Mechanical Activation on the Atmospheric Pressure Leaching 
Behavior of Molybdenite 
Wei Wang, Northeastern University 
Huiping Zhu, Northeastern University 
Diankun Lu, Northeastern University 
Feng Xie, Northeastern University 
 
ABSTRACT Molybdenite is one of the most important molybdenum raw materials, and due to 
the disadvantages of molybdenum pyrometallurgical extraction, hydrometallurgical processes 
become the common process for its extraction. Molybdenite has been found to leach slowly at 
room temperature. In this work, the leaching behavior of molybdenite was studied with different 
oxidant, such as Fe(Ⅲ), nitric acid, and hydrogen peroxide, under different temperature at 
atmospheric pressure up to 348 K. H2O2 was found to be an effective oxidant for molybdenite 
leaching, but it can be decomposed rapidly during the leaching process. The influence of 
additives on molybdenite leaching and hydrogen peroxide decomposition was studied. To further 
increase the molybdenite leaching rate, mechanical activation was applied and its influence on 
molybdenite leaching was examined. The leaching mechanism under different oxidant and 
mechanical activation was analyzed by X-ray diffraction, scanning electron microscope, 
differential scanning calorimetry, and electrochemical methods, including open circuit 
measurement, potentiodynamic, and electrochemical impedance spectroscopy.  
 
China-Canada IV 
Meeting Room 14 
4:05 PM - Presentation 593976 



 
Wednesday, August 21 

126 
 

Study on Tungsten and Molybdenum Peroxygen Complex in Aqueous Solutions by In-Situ 
Raman Spectroscopy 
Xinbing Xia, School of Metallurgy and Environmental, Central South University 
Wenjuan Guan, Central south university 
Guiqing Zhang, Central south university 
Qin Zhou, Central south university 
Qinggang Li, Central south university 
Zuoying Cao, Central south university 
Li Zeng, Central south university 
 
ABSTRACT The technology of separating molybdenum from tungstate solution coordinated 
with hydrogen peroxide by solvent extraction has the advantages of complete removal of 
molybdenum, high yield ratio of tungsten, clean and green. However, because of the complex 
chemical composition of the aqueous solution and the lack of relevant theoretical studies, the 
problems, such as poor stability of the feed liquids and the third phase in extraction system, 
which exposed in industrial tests are difficult to be effectively optimized. In this work, the 
formation of and conversion of dominant species in molybdate and tungstate solutions 
coordinated by hydrogen peroxide was investigated by in-situ Raman spectroscopy. The 
characteristic vibrational bands were assigned to corresponding peroxo-molybdate and peroxo-
tungstate anions in aqueous solution. The relative abundances of species were estimated by 
Gaussian fitting Raman spectra. It is shown that the depolymerization of isopolymolybdate is 
more complete than that of isopolytungstate in acid media at high H2O2/Me (Me is Mo or W) 
ratio, and the dominant species in both solutions are dimer peroxide complex. The characteristic 
Raman frequency of peroxide complex in solutions were observed as follows: 
[Mo2O3(O2)4(H2O)2]2-, [Mo7O22(O2)2]6- and [Mo8O24(O2)2(H2O)2]4- at about 972, 945 
and 960 cm-1, respectively; and [W2O3(O2)4(H2O)2]2-, [W4O12(O2)2]4-, and 
[W7O22(O2)2]6- at about 962, 949, and 978 cm-1, respectively. 
 
4:30 PM - Presentation 595201 
Kinetics and Mechanistic Analysis for Chemical and Bioleaching of Pyrite Under Constant 
Potential: Prediction of the Yield of Elemental Sulfur and Sulfate 
Guikuan Yue, The University of Texas at El Paso 
Edouard Asselin, UBC 
P. d’Hugues, BRGM, Water, Environment & Ecotechnologies Division 
 
ABSTRACT Pyrite is an important mineral related to the extraction of non-ferrous metals such 
as gold, nickel and cobalt. It is also linked to acidic mine drainage. In the present study, chemical 
and biochemical leaching of pyrite were carried out under constant potential to study its leaching 
stoichiometry and kinetics, which highly depends on the iron concentration and oxidation-
reduction potential (ORP), according to previous studies. 
 
In addition, in our previous study, a novel ORP equation only based on the variables of 
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temperature and nominal ferric/ferrous ratio was developed to predict the redox potential of the 
quaternary H2SO4-Fe2(SO4)3-FeSO4-H2O system, and its applicability was also extended to 
more complex acidic iron sulfate solutions, especially those generated during the acidic leaching 
and bioleaching of Printed Circuit Boards (PCBs) to recover copper.  
 
In this work, an emphasis has been placed on how to use this equation to understand the iron 
chemistry of the pyrite leaching system under study, given measured redox potential and 
temperature. An effort was also made to quantitatively predict the elemental sulfur and sulfate 
yields during pyrite oxidation. The yields are in good agreement with those determined by 
experiments through an analysis of sulfur mass balance. This study provides new insights into 
the mechanism and kinetics for pyrite oxidation in acidic iron sulfate solutions, as well as a new 
method for sulfur and sulfate determination based on the iron analysis.  
 
4:55 PM - Presentation 616563 
An Integrated Hydrometallurgical Approach for Production of Nickel from Lean Copper-
Nickel Sulfide Concentrate 
Keng Xie 
Haibei Wang 
Sanping Liu 
 
ABSTRACT Copper-nickel sulphide ore is one of the important sources of nickel production. 
For the sake of extraction of nickel, the copper-nickel sulphide ore is usually firstly processed by 
beneficiation to producing nickel concentrate and the concentrate was then treated in 
metallurgical furnace to obtain nickel matte, which is further dealt with or refined by stratified 
smelting, flotation separation, sulfuric acid pressure leaching, pressurized ammonia leaching or 
concentrated hydrochloric acid leaching, etc. These processes are characterized by complex 
processes, high energy consumption and large environmental pollution. In order to remedy the 
shortcomings of existing technologies, an efficient, economical and clean integrated 
hydrometallurgical approach for copper-nickel sulfide ores is proposed in this paper. In the 
approach, extraction of nickel from the copper-nickel sulfide ore is realized by atmospheric acid 
leaching with chloride as additive. Then impurities such as iron and aluminium in leaching 
solution are effectively precipitated and removed by neutralization, and manganese and other 
impurities are further eliminated by mixed hydroxides precipitation-acid dissolution. Meanwhile, 
the solution medium is transformed from sulfuric acid-chloride system to sulfuric acid system, 
and nickel-rich solution is obtained. Subsequently, cobalt and copper are selectively separated 
from nickel by solvent extraction and a highly purified nickel sulfate solution is prepared for 
electrowinning. The leaching yield of nickel reached more than 96% and the overall yield of 
nickel was as high as 90% by employing the approach to treat a lean copper-nickel concentrate 
with a content of 6.42% Ni, 0.96% Cu, 42.78% Fe, 1.80% Mg and 19.76% S. The approach is 
proposed for not only treating flotation concentrates, but also the copper-nickel raw ore. It is 
prospecting in the development and utilization of polymetallic copper-nickel sulfide ore. 
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China-Canada V 
Meeting Room 16 
8:00 AM - Presentation 594850 
Effect of Ca2+ and Li+ on the Morphology of Mg(OH)2 Prepared by Diaphragm 
Electrolysis 
Zhichun Cui, Northeastern University 
Yuezhong Di, Northeastern University 
Jianping Peng, Northeastern University 
 
ABSTRACT The preparation of magnesium hydroxide from bischofite is an effective way to 
solve the problem of magnesium damage in salt lakes of China. Compared with other methods, 
the preparation of magnesium hydroxide by electrodeposition has the advantages of high purity, 
process controllable and better sedimentation property. However, in the process of continuous 
electrolysis of magnesium hydroxide by diaphragm electrodeposition, the recycling of electrolyte 
will lead to the enrichment of non-magnesium cationic impurities, which will affect the 
properties of the products. In this paper, the salt lake brine system was simulated by using 
magnesium chloride hexahydrate, calcium chloride and lithium chloride as raw materials, and 
magnesium hydroxide crystals were prepared by diaphragm electrodeposition. Scanning electron 
microscopy (SEM), X-ray diffraction (XRD) and Fourier transform infrared spectrometer (FTIR) 
were employed to characterize the phase composition and crystalline morphology of products. 
The effects of Ca2+ and Li+ on the growth of (001) and (101) crystal planes of magnesium 
hydroxide crystals were calculated by the CASTEP module in the Materials Studio molecular 
simulation software. The result showed that the energy ratio of (001) crystal plane to (101) 
crystal plane increases, and the product shows flower shape when Li+ content is more than 1%. 
And the growth of (001) plane is significantly inhibit when the content of Ca2+ exceeded 5%. 
 
8:25 AM - Presentation 591016 
Lithium Recovery from Saline Solution with Ion Exchange Resins and Comparison with 
Other Lithium Extraction Technologies 
Hiroki Fukuda, The University of British Columbia 
David Dreisinger, The University of British Columbia 
 
ABSTRACT Lithium is getting more and more attention from around the world as an essential 
material for various energy storage systems, and demand for lithium has been increasing rapidly. 
A plethora of lithium recovery methods has been investigated by many researchers in order to 
meet that demand: ion exchange resin, solvent extraction, inorganic absorbent such as 
manganese oxide and titanium oxide, phosphate precipitation, nanofiltration and so forth. Out of 
these techniques, this study focused on ion exchange resins. More than twenty cation exchange 
resins from Dow, Lanxess, Mitsubishi, Purolite and Samyang were tested in both lithium 
chloride solution not containing any other metal cations and saline solution containing lithium, 
sodium, potassium, magnesium and calcium chloride. From the lithium chloride solution, 
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sulfonate, iminodiacetate and aminomethylphosphonate resins successfully extracted lithium. 
They recovered around 15–30 mg of lithium per one gram of dried resins. However, no resins 
could adsorb lithium well in saline solution, less than 1 mg of lithium per one gram of dried 
resins, clearly because other cations like sodium ions disturbed the lithium adsorption. Therefore, 
aluminum loaded resins was also tested which was reported in the past that have relatively good 
selectivity for lithium. The aluminum loaded resins, in fact, showed higher capacity than any 
other resins tested in this study in saline solution, 5–10 mg of lithium per one gram of dried 
resins. Additionally, this study compared ion exchange resins with other methods of lithium 
recovery from brine and discussed it critically from scientific and application point of view. 
 
8:50 AM - Presentation 589863 
Preliminary Study on Preparation of Silicotungstic Acid Solution by Bipolar Membrane 
Electrodialysis and Ion-exchange 
Wenjuan Guan, Central south university 
Guiqing Zhang, Central south university 
Kun Yao, Changsha Kai Hong Purification Technology Co., Ltd. 
Li Zeng, Central south university 
Qinggang Li, Central south university 
Zuoying Cao, Central south university 
Liansheng Xiao, Central south university 
 
ABSTRACT A new method for the preparation of silicotungstic acid solution by bipolar 
membrane electrodialysis (BMED) and ion exchange was proposed in this paper. The 
silicotungstic acid solution was obtained by using sodium tungstate solution as feed solution via 
bipolar membrane electrodialysis which adjusted the solution to be acid, aging at a high 
temperature with addition of silicic acid, and Na+ removal by ion exchange. The experimental 
results of pH value, WO3 recovery rate, Na+ removal rate, current efficiency, and power 
consumption with electrodialysis time during the BMED process, the ratio of W/Si during the 
aging process and the Na+ removal rate during the ion-exchange process were investigated. The 
results indicated that the average current efficiency was 64.8%, the average power consumption 
was 0.053 kW·h·mol-1(based on OH-), the removal rate of Na+ reached 63.9% and the recovery 
of WO3 was higher than 99.97% in the BMED process using 0.17mol/L NaOH solution as initial 
solution in alkali compartment and 0.08mol/L NaOH solution in electrode compartment, using 
sodium tungstate solution containing WO3 0.817g/L，Na+ 0.970 mol/L and pH 12.78 as initial 
salt solution. A silicotungstic acid salt solution with W/Si=12/1 (mole ratio) was obtained by 
boiling the solution after BMED with the addition of theoretical dosage silicotungstic acid for 
10h. Then the high quantity silicotungstic acid solution was obtained via Na+ removal by ion 
exchange using D001 resin. The new method presents further advantages such as high safety of 
operation and environmental friendliness. 
 
9:15 AM - Presentation 594287 
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Comparative Solvent Extraction Studies of Molybdenum(vi) with CYANEX®600 & 
FENTAMINE TA0810 in Sulphuric Acid Medium 
Brighty Dutta, The University of British Columbia 
David Dreisinger, The University of British Columbia 
Michael Moser, Solvay 
Boban Jakovljevic, Solvay 
Luis Moya, Solvay 
 
ABSTRACT Molybdenum is extensively used as an alloying element in the manufacture of 
steels and super alloys. The wide use of the element encourages a growing need to develop 
extraction processes for recovery from both primary and secondary sources. CYANEX®600 and 
FENTAMINE TA0810 are the solvent extractants developed by Solvay Group for the recovery 
of molybdenum from acidic solutions. CYANEX®600 is a phosphinic acid based reagent with 
the active component as bis(2,4,4- trimethylpentyl)phosphinic acid and FENTAMINE TA0810 is 
tri-C8-C10-alkyl amine. The extraction behavior of CYANEX®600 in Chevron Phillips’ 
ORFOM® SX-12 diluent and FENTAMINE TA0810 in ExxonMobil’s SOLVESSO 150 
diluent was evaluated for Mo(VI) in sulphuric acid medium. The extraction of Mo(VI) is 
sensitive to the pH of the aqueous solution; however, quantitative extraction of Mo(VI) by 
CYANEX®600 was observed at pH 1.4 and FENTAMINE TA0810 at pH<3.. The approximate 
stoichiometry of the extracted complex was: Mo: CYANEX®600 = 1:2 and Mo: FENTAMINE 
TA0810 =1:1. Extraction increased with increase in concentration of the extractants. At pH<2, 
98% of Mo(VI) was extracted by 0.1M CYANEX®600 and >99% of Mo(VI) was extracted by 
0.1 M FENTAMINE TA0810 from a solution containing 0.04 M Mo(VI), 0.1 M H2SO4, 0.1 M 
Na2SO4. Efficient back-extraction of Mo from the extracted complex of CYANEX®600 could 
be achieved with NH4OH solutions. The detailed back-extraction studies of Mo from the 
extracted complex of FENTAMINE TA0810 to find out a possible option for complete transfer 
of Mo(VI) to the aqueous phase will be reported. 
 
China-Canada VI 
Meeting Room 16 
10:05 AM - Presentation 590526 
Effect of Carbonate on the Leaching Kinetics of Arsenic from Arsenic Sulfide Minerals 
Mohamad Mirazimi, UBC 
Wenying Liu, UBC 
 
ABSTRACT Preventing arsenic release from mine waste materials, i.e., source control, is the 
preferable option for controlling arsenic discharge to the environment. Designing effective 
source control requires comprehensive knowledge on the leaching behavior of arsenic from its 
bearing minerals. To determine the release kinetics of arsenic, we carried out leaching 
experiments using amorphous As2S3 as one model arsenic sulfide mineral. The effect of 
dissolved oxygen, pH, and temperature on the release rate was investigated using a fully 
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controlled batch reactor system. Sodium hydroxide (NaOH) and sodium carbonate (Na2CO3) 
were used to control the pH of the leaching media. In general, the arsenic release kinetics 
increased as the concentration of dissolved oxygen, temperature, and alkalinity was increased. 
Moreover, the experimental results showed that the arsenic release was accelerated in the 
presence of carbonate ions, suggesting a possible complexation between arsenic and carbonate 
ions. Kinetic equations were derived from the leaching data to describe the release rate as a 
function of leaching parameters. The kinetic equations derived serve as useful tools for 
pinpointing the key factors that can be manipulated to prevent arsenic release from mine waste 
materials.  
 
10:30 AM - Presentation 593057 
Preoxidation of a High Arsenic and Sulfur Refractory Gold Concentrate by Permanganate 
and Hydrogen Peroxide 
Jian Wang, Northeastern University 
Wei Wang, Northeastern University 
Yunlong Bai, Northeastern University 
Yan Fu, Northeastern University 
Feng Xie, Northeastern University 
 
ABSTRACT For arsenic containing refractory gold concentrate, gold extraction by leaching is 
usually low due to the encapsulation of gold in sulfide minerals, such as arsenopyrite and pyrite. 
In this work, a series of study on preoxidation of a high arsenic and sulfur refractory gold 
concentrate by sulfuric acid potassium permanganate and hydrogen peroxide solutions are 
investigated. The effect of preoxidation time, temperature, initial sulfuric acid concentration, and 
oxidant concentrations, on the removal of arsenic and iron has been studied, and its 
corresponding mechanism is also discussed. Under optimum condition, when potassium 
permanganate is used as oxidant, the removal of arsenic and iron can achieve 61.4 % and 50.5 %, 
respectively. Arsenic removal of 57.2 % and iron removal of 51.9 % can be achieved when 2.5 
mol/L hydrogen peroxide is used as oxidant. The influence of preoxidation treatment on the gold 
extraction and thiosulfate consumption on this refractory concentrate was examined. 
 
10:55 AM - Presentation 580322 
Arsenic Removal from Waste Acid Using Magnetite by Formation Scorodite 
Xing Zhu, Kunming University of Science and Technology 
Hua Wang, Kunming University of Science and Technology 
Yonggang Wei, Kunming University of Science and Technology 
Kongzhai Li, Kunming University of Science and Technology 
 
ABSTRACT High arsenic-containing waste acid in the heavy nonferrous metallurgical sector 
(Cu, Pb, Zn, Ni, Sn, etc.), one of the most massive arsenic hazardous waste with extremely high 
arsenic concentration, has brought enormous challenges to the environment and caused severe 
environmental pollution in the past few decades due to the lack of affordable and environment-
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friendly disposal technologies. Here, we report a highly cost-effective route for efficient arsenic 
removal from the waste acid by using magnetite as an iron source under atmospheric pressure. 
Magnetite provides iron ions and suitable pH ready for the scorodite synthesis in the room-
temperature pre-dissolution as well as active surface for the nucleation and growth of scorodite. 
The sustainable arsenic removal from waste acid in form of scorodite is driven by the mutually 
improved cycle composed of precipitation of ferric arsenate and dissolution of magnetite on the 
surface of magnetite particles. Well-crystallized and environment-stable scorodite are 
synthesized using magnetite without the supersaturation of iron in the solution, which takes full 
advantage of iron in magnetite. The high arsenic removal efficiency of 99.9 % of waste acid with 
an initial arsenic concentration of 10300 mg/L has been obtained in the optimal conditions 
including 6 hour’s room-temperature pre-dissolution and atmospheric reaction at 90 °C for 12h 
and pH of 2.0 with a Fe3O4/As ratio of 1.33. The performed case study and perspective process 
showed the successful removal of arsenic from waste acid as well as great potential for the large-
scale application. 
 
China-Canada VII 
Meeting Room 16 
2:00 PM - Presentation 615506 
A Mechanistic Approach to Design for Solids Suspension in Stirred Vessels and 
Application to the Hydrometallurgical Industry 
Jason Giacomelli, Philadelphia Mixing Solutions 
Richard Grenville, Philadelphia Mixing Solutions 
Morne Oosthuizen, Philadelphia Mixing Solutions 
Sanja Miskovic, The University of British Columbia 
 
ABSTRACT Stirred vessels are utilized for various hydrometallurgical processes involving two 
or more phases. As we know, most processes in the metallurgical industry involve the processing 
of solid particles in a liquid phase for the purpose of reaction, separation or transport (e.g. 
leaching, POX, HPAL, precipitation, crystallization, conditioning, storage/transport). The design 
of these solid-liquid processes in stirred vessels requires the prediction of the Just Suspended 
condition NJS, the impeller speed at which all particles are in motion. Design for this condition 
ensures that solids do not accumulate in the vessel over time and liquid and solid phases are 
adequately contacted. In the agitator industry, the work of Zwietering 1958 [1] has dominated the 
research into solids suspension by originally correlating the just suspended speed to physical 
properties using dimensional analysis. However, this method was not based on proposing a 
physical mechanism to describe the process and therefore suffers in the area of scale up. The 
correlation pre-constants, known as S or S values, are published for various geometries, 
however, they are tied to a particular scale and therefore need to be measured for a particular 
system if not known. The key issue is that the correlation, and hence the S values, are scale 
dependent. Furthermore, the correlation predicts scale on specific power input, ε, to an exponent 
less than 1 with no data confirming this effect. This means that Zwietering predicts that the 
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power input per mass will decrease on scale-up. Recently, Grenville et al. [2] [3] [4] presented 
experimental data measured at three different scales demonstrating scale up on constant ε 
(exponent of 1). They further correlated the data improving a mechanistic approach first 
proposed by Baldi et al. [5] and Davies [6] based on assumption that turbulent eddies on the 
scale of the particles are responsible for suspension. Using a force or energy balance between the 
turbulent eddies in the flow and the solid particles, a model has been proposed and used to 
successfully correlate data for three impellers (pitched blade turbine, Rushton turbine, and low 
solidity hydrofoil). We further extend this correlation for vessels with different vessel bottom 
geometry and show the robustness of the correlation applied to particles from 85 to 19,000µm 
and with densities ranging from 1050 to 11,000kg/m³ using newly measured experimental data 
and data available in the literature [7] [8] [9]. 
 
2:25 PM - Presentation 593867 
Numerical Study on Transient Temperature Field of Anode Rodding in Aluminium 
Reduction Cells 
Tuofu Li, School of Metallurgy, Northeastern University 
Wenju Tao, School of Metallurgy, Northeastern University 
Zhaowen Wang, School of Metallurgy, Northeastern University 
Xiaozhen Liu, School of Metallurgy, Northeastern University 
Hicham Chaouki, Aluminium Research Centre—REGAL, Laval University 
Mario Fafard, Aluminium Research Centre—REGAL, Laval University 
 
ABSTRACT The temperature field of anode rodding process is the root of most issues related to 
the anode. The present study just aims at a detailed investigation on this. At first, a three-
dimensional transient thermal finite element model was developed. Then, the transient 
temperature field of a commonly used anode during rodding process was numerically simulated 
using this model. The temperature distribution of the anode assembly, the characteristics of the 
cast iron solidification and the cooling rate distribution was achieved. The model was validated 
through a reasonable agreement between the temperature results and published data. The results 
and conclusions were as follows. The heat transfer during stub hole filling is non-negligible 
because the stub hole was filled up after 10 s and 29 % by volume of cast iron was undergoing 
solidification then. After 70 s, the cast iron solidified completely. The solidification mode was 
intermediate-freezing transited from skin-freezing towards mushy-freezing. The solidification 
proceeded almost vertically, indicating little chance for shrinkage cavities. The highest 
temperatures of stub and carbon were about 550 ˚C and 410 ˚C, respectively. The cooling rate 
during solidification was from 4.3 ˚C ∙ s-1 to 43.7 ˚C ∙ s-1 and the gradient on radial direction 
was relatively obvious. 
An anode design, in which a button is centered on the bottom of each stub hole, is widely used 
among smelters in China. At last, the finite element model was used to investigate the rodding 
process of such an anode. Through comparison, remarkable effects of the button on the 
temperature field were achieved as follows. The end time of the melt solidification was delayed 
by 8 s. The overall cooling rate during solidification decreased obviously. The solidus 
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temperature isotherms crossed around the middle of stub hole, which would increase a risk of 
defects. The overall temperature of carbon and stub increased by 150 ˚C at most. But in the part 
close to the cast iron corner, the highest temperature increase of stub is up to 270 ˚C. 
 
2:50 PM - Presentation 590536 
Investigation on the Erosion Corrosion of Titanium in Simulated Leaching Solution by 
Electrochemical Methods 
Yu Liu, University of British Columbia 
Rebecca Filardo. Schaller, UBC 
Edouard Asselin, UBC 
 
ABSTRACT The erosion corrosion of titanium resulting from solid mineral movement in 
simulated leaching solution is investigated by potentiodynamic polarization (PD), 
electrochemical impedance spectroscopy (EIS) and electrochemical noise (ECN). The effect of 
silica (used as a solid model) on the corrosion behavior of Ti-2 was elucidated by comparison 
with stagnant and flowing solutions wherein no silica was added. Ti-2 remained stable (i.e. in the 
passive state) and had comparable corrosion behavior in both the static and flowing-solution 
conditions. However, the presence of silica degraded the corrosion-resistance of Ti-2, which was 
indicated by an increase of anodic current density and a decrease of the film resistance. ECN 
turned out to be a powerful method and provided detailed information on the effect of silica on 
Ti-2. The oxide film on Ti-2 was found to break down due to solid impingement and rapidly 
repassivate thereafter at 80°C. This breakdown-repassivation process of the oxide film, which 
could only be characterized by ECN, highlights the possibility of localized corrosion attack on 
titanium vessels used in similar conditions.  
 
3:15 PM - Presentation 592979 
Effect of Substrate Treatment on the Electrochemical Properties and Stability of 
Dimensionally Stable Anode 
Yuhe Lu, Northeastern University 
Wei Wang, Northeastern University 
Feng Xie, Northeastern University 
 
ABSTRACT Dimensionally stable anode (DSA) can be used as anode in water electrolysis and 
electrowinning process. IrO2-Ta2O5/Ti anode has the potential to be used in copper 
electrowinning due to its high oxygen evolution reaction(OER) catalysis activity and stability 
compared with traditional lead based anode. Most of the research work on DSA is focused on the 
development of novel OER catalysis to lower the cost and improve the catalysis activity. 
However, the effect of the morphology and electrochemical properties of the Ti substrate on the 
OER catalysis activity and stability is not fully understood yet. Hence, different surface 
treatments, including acid etching and anodization-reduction, were carried out on Ti surface to 
study the effect of substrate surface morphology and electrochemical properties on the OER 
catalysis activity and stability of DSA. The surface morphology and chemical status of the Ti 
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substrate were studied by scanning electron microscope and X-ray photoelectron spectroscopy, 
respectively. The effect of different surface treatments on electrochemical active area, OER 
catalysis activity, and stability of DSA were studied through cyclic voltammetry, linear sweep 
voltammetry and electrochemical impedance spectroscopy methods in simulated copper leaching 
solutions.  
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China-Canada VIII 
Meeting Room 16 
4:05 PM - Presentation 594860 
Cyclic Voltammetric Behavior of Aluminum Reduction in 1.3NaF-AlF3-Al2O3 Low-
Temperature Melt 
Zheng Wei, Northeastern University 
Jianping Peng, Northeastern University 
 
ABSTRACT The electrolysis production of Al metal has proven to be promising in 1.3NaF-
AlF3-Al2O3 (molar ratio of NaF/AlF3=1.3) melt by related theoretical analysis and electrolysis 
testing at the laboratory scale. And next, the cathodic process of Al reduction and the mechanism 
of Al-W alloys formation were evaluated by a series of cyclic voltammetric experiments at 860 
°C. The results showed that Al deposition on tungsten first as Al4W alloy at ca. -0.14 V (vs W), 
and then as liquid metal Al at -0.94 V (vs W) containing a co-deposition of metal Na. The 
reduction of Al4W alloys and metal Al were both linear diffusion-controlled processes and 
quasi-reversible reactions. The diffusion coefficient of Al(Ш) ions was calculated as 1.77 10-8 
cm2 s-1. The process of AlF4- ions reduction involved both a three-electron transfer reaction of 
Al deposition (AlF4-→Al) and a two-electron transfer reaction of monovalent aluminum ions 
AlF2- formation (AlF4-→AlF2-) in front. XRD measurement and SEM observation certificated 
that Al4W alloy and Al metal existed on the electrode surface after potentiostatic electrolysis.  
 
4:30 PM - Presentation 592227 
Economical and Eco-Friendly Recycling of Sn(O,S)2 from Tin Sludge for Synthesis of 
SO_2 Sensing Material by NiO Decoration 
Haoyuan Xu, Northeastern University 
Jianzhong Li, Northeastern University 
Yu Fu, Northeastern University 
Yanwen Tian, Northeastern University 
 
ABSTRACT Sulfur dioxide (SO_2) is one of the most toxic gases harmful to human health and 
environment, which is generated in many metallurgical processes. Tin electroplating from a 
fluoroborate electrolyte produces sludge containing mainly tin oxides. In the present report, tin 
sludge was purified and decorated with nickel oxide (NiO) nanoparticles to prepare a sensitive 
material for SO_2 gas sensor. The structural, surface morphological and sensing properties of the 
materials have been studied. The pretreated tin sludge contains SnO_2 and about 7.4 wt.% of 
SnS_2 (recorded as Sn(O,S)_2). The bare Sn(O,S)_2 sensor exhibits the sensing response of 4.2 
at 310°C towards 500 ppm SO_2, whereas the 1 mol% NiO decorated Sn(O,S)_2 sensor shows 
improved sensing properties including the enhanced sensing response of 18.2 at a low operating 
temperature of 250°C, and a high selectivity towards SO_2 gas. Effective utilization of tin sludge 
has significant importance in recovery of waste resource, and environmental improvement and 
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protection. 
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Copper 2019: Electrowinning & Electrorefining 
Electrowinning Developments III - Chair: Vicken 
Aprahamian 
Meeting Room 12 
8:00 AM - Presentation 593974 
Total Acid Mist Quantification Within a Full-Scale Copper Electrowinning Cell 
Krishna Mohanarangam, CSIRO Mineral Resources 
William Yang, CSIRO Mineral Resources 
Rueben Rajasingam 
Bogale Tadesse, Curtin University 
Dave Robinson 
 
ABSTRACT Acid mist is a ubiquitous problem within base metal Electrowinning operations 
including copper tank houses. Copper Electrowinning (EW) is a complex electrochemical 
process that involves the production of LME grade copper from copper rich electrolyte. The 
process involves the deposition of the copper ions onto the cathode from copper rich electrolyte 
with the production of oxygen bubbles at the anode. The volume of oxygen formed during a 
standard copper EW plant operation can be quite substantial, resulting in acid mist generation 
higher than the recommended time-weight-average exposure limit of 1 mg m-3 and a short-term 
exposure limit of 3 mg m-3 set by the Occupational Safety and Health Administration (OSHA). 
Various approaches to alleviate the problem have been adopted by companies, all with varying 
degrees of success. All of these have been attempts to treat the symptom (acid mist) rather than 
the inherent problem, often proving expensive and, in some cases, ineffectual. 
 
The ultimate goal is to eliminate acid mist all together. The development of a multi-sponsored 
Enhanced Electrowinning (EWT) project - Reduction of Acid Mist Generation by CSIRO has 
been an important first step towards this goal. Its objective was to establish the state of 
knowledge around key issues of acid mist generation, mitigation and exposure. It also 
established the capabilities and expertise required to scientifically underpin the state of 
knowledge with respect to what current operational factors impact the quantity of acid mist 
generated. All measurements were quantified using a full-length and half-width transparent EW 
cell compared to a lab scale setup which has previously provided non-conclusive results due to 
its scale.  
 
A new method was developed for acid mist quantification based on ‘total mist’ capture above the 
EW cell under well controlled conditions. With the use of sophisticated diagnostic analytical 
tools and measurement techniques it was possible to study all the operating variables (current 
density, flow rate, temperature, etc.) independently and their effect of bubble size, bubble 
velocity, gas hold-up as well as acid mist generation and its droplet size. In order to address 
safety concerns in tank houses around acid mist early results outlining the factors contributing to 
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its generation as well as the effect of various physical and chemical barriers to mitigate acid mist 
will be presented and discussed. 
 
 
8:25 AM - Presentation 591456 
Applications of Lateralvex® and Lateralflow® Technologies in Minera Antucoya, (AMSA), 
EW Tank-house in Chile for Controlling Acid Mist and Retain Organic Entrainments in 
Commercial and Scavenger Cells 
Fernando J. Penna, Asesorías y Servicios Composites SpA 
Rodrigo A. Villarroel, Asesorias y Servicios Composites SpA 
Cristián Villaseca, Universidad Católica de Chile 
 
ABSTRACT Acid mist is the undesired result of copper electro-winning (EW) process, 
generating a contaminated and hazardous environment in the working areas, as well as 
promoting high corrosion conditions for structures and equipment in the EW tank-house due to 
the buoyancy of sulfuric acid in aerosol form. Likewise, organic entrainments that occasionally 
occur in this process contaminate the cathodes, as well as increasing the risk of fire.  
LateralVex® and LateralFlow® are technologies that effectively and efficiently solve these 
problems, without affecting the usual activities of the operators, thus presenting a significant 
distinction with respect to other technologies that seek to solve these problems.  
Minera Antucoya, an AMSA group company, which produces 80,000 tons of electrolytic Cu per 
year, decided to install both technologies for its EW tank-house, LateralVex® in commercial 
cells and LateralFlow® in scavenger cells to keep both the acid mist and the organic 
entrainments under control.  
This paper presents the effects of applying these technologies in Minera Antucoya’s electro-
winning plant, the challenges addressed, the difficulties encountered, the problems and 
opportunities that their implementation involved, as well as the surprising results obtained at the 
time of measuring the acid mist—less than one hundred’s part of the Allowed Weighted Limit—
in samples taken with the plant operating at maximum current capacity.  
Additionally, the paper includes some of the improvements identified during the period, more 
than 3 years, in which these technologies have been in operation in Minera Antucoya. 
 
8:50 AM - Presentation 595638 
Experimental Measurements of the Cu Electrowinning Behavior and Current Efficiency 
Pre and Post Shorting 
Zongliang Zhang, University of Utah 
Joshua Werner, University of Kentucky 
Michael Free, University of Utah 
 
ABSTRACT In the copper electrowinning process, short-circuiting between the anodes and the 
cathodes is a critical problem, which would change the current allocation among the electrodes 
and reduce the current efficiency significantly. The possible reasons for the short-circuiting 
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include the improper alignment of the electrode (e.g. tilting electrodes), bent electrode due to the 
mechanical stress, and nodules formed on the cathode surface during the electrowinning 
operation. In typical tank houses, there is a time between when shorting occurs and harvesting 
and clearing, therefore it is inevitable to have short-circuiting affect the operation performance in 
the practical electrowinning operation. However, one key piece of data missing is the actual 
measurements of the current efficiency as short-circuiting is approached and allowed to continue. 
Consequently, short-circuiting tests that allow us to track electrowinning parameters before and 
after short-circuiting were performed in a laboratory scale Cu electrowinning cell. In the tests, 
the electrode spacing change with time, the mass of electrodeposited Cu variation with time, the 
deposition morphology, and the current allocation as well as the current efficiency pre and post 
the short-circuiting were studied thoroughly. Results show that the short-circuiting would affect 
the current allocation and the current efficiency significantly. Moreover, it changes the Cu 
deposition on the short-circuited cathode and therefore causes trouble on the Cu electrowinning 
operation. 
 
9:15 AM - Presentation 594275 
Monitoring Surface Roughness of Copper Electrodeposits Using Scaling Analysis 
Jeffrey L. Shepherd, Laurentian University 
Jayde Keough, Laurentian University 
Eduard Guerra, Laurentian University 
 
ABSTRACT During the industrial electrowinning of copper, uneven growth can negatively 
impact the final quality of the metal product and even cause short-circuits in the cell. Copper 
electrodeposits can be made smoother by adding Guar to the electrolyte in a controlled manner 
but the effectiveness in controlling deposit morphology is likely a function of local deposition 
current density and electrolyte composition. These factors can vary within electrowinning cells, 
particularly during process upsets, and lead to rough deposits. In an effort to quantify the surface 
roughness, high-resolution 3D images may be combined with scaling analysis to gain further 
insight into the deposit structure. Moreover, scaling analysis may offer a method to predict long-
term deposit structure using short-term copper deposits. In this presentation, the application of 
Atomic Force Microscopy (AFM) and scaling analysis are used to monitor copper growth and 
extract surface roughness characteristics. The cathode was pure copper sample that was polished 
to a mirror finish. Copper was deposited over a range of current densities and times from an 
acidic sulfate solution (40 g/L Cu and 170 g/L H2SO4) at 40oC that either contained or was free 
of Guar. AFM images were acquired to obtain 3D topographical information on the samples and 
scaling analysis was performed to extract the root-mean-squared (rms) roughness, periodicity 
(grain size) and aspect ratio of surface features as a function of deposition time and electrolyte 
composition. 
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Impurities in Electrorefining I - Chair: Josh Werner 
Meeting Room 14 
8:00 AM - Presentation 594797 
Electrolytic Refining of High Ni Copper Anode at the Tank House in Naoshima Smelter 
and Refinery 
Takashi Ikemoto, Mitsubishi Materials Corporation 
Takashi Yamashita, Mitsubishi Materials Corporation 
Osamu Inoue, Mitsubishi Materials Corporation 
 
ABSTRACT The expansion project in Naoshima smelter and refinery to meet enhancing 
recycling business of E-scrap was successfully completed in 2016 to have a capacity of 110,000 
tpa of E-scrap treatment. Increasing treatment of E-scrap has raised the Ni content of copper 
anode to 4000ppm on average, which is double the level of 10 years ago, and to 6000ppm or 
more occasionally. The tank house has refined such copper anode to copper cathode with starter 
sheets. Since most Ni in copper anode dissolves in copper electrolyte, the Ni content of the 
electrolyte has increased to 27 g/L and more. Nickel accumulated in the electrolyte has increased 
power consumption during the electrorefining of copper, although cathode quality has been 
controlled satisfactory so far. In order to ensure sustainable operation while growing E-scrap 
business, the NiSO4 process has been expanded recently so as to recover Ni in the electrolyte 
more and the pressurized-leaching technology will be introduced to the slime leaching process so 
as to enhance the capacity of slime treatment and to improve Ni recovery in the near future.  
 
8:25 AM - Presentation 594301 
Settling Properties of Copper Electrorefining Anode Slimes 
Taina Kalliomäki, Aalto University 
Arif T. Aji, Aalto University 
Jari J. Aromaa, Aalto University 
Mari Lundström, Aalto University 
 
ABSTRACT The settling properties of anode slime in copper electrorefining have crucial effect 
on copper cathode quality. Anode slime settling is affected by the process parameters such as 
electrolyte composition and temperature, electrolyte circulation and the properties of the slime. 
Industrial copper electrolytes have the typical composition of [Cu2+] of 40–60 g/dm3, [H2SO4] 
of 130–220 g/dm3, [Ni2+] of 0.04–25 g/dm3, [As] of 0.005–30 g/dm3 and operation temperature 
of 55–70 °C. The important slime properties which have effects on the settling rates are the sizes 
and chemical compositions of the particles and agglomerates. In optimal electrorefining process, 
the settling rate of anode slime needs to be sufficiently high to avoid the risk of getting the slime 
entrapped in copper cathode. In this research the settling properties of copper electrorefining 
bottom slimes, mainly consisting of Cu, Ni, Ag, Se, Pb, As, Bi, Sb and Ba compounds, were 
studied by settling rate tests. The settling tests were conducted in water, H2SO4 and synthetic 
electrolytes. The effects of slime properties on settling were investigated by studying particle 
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size distributions and chemical composition of the slimes. The effects of electrolyte parameters 
were studied using solutions of varying density and viscosity, and the effects of the electrolyte 
parameters to density and viscosity were investigated through empirical modeling. In addition, 
the effect of agglomeration was taken into account – it was observed that breaking the 
agglomerates which existed in the as-received slimes decreased the particle sizes on average 56–
73%, which consequently decreased the settling rate. The results of this study provide detailed 
information of anode slime settling and thus clarify the conditions causing cathode 
contamination risks in copper electrorefining. 
 
8:50 AM - Presentation 595942 
Speciation of Iron-Arsenic-Copper-Sulfuric Acid Solution During Copper Electrorefining 
from 25°C to 70°C 
Yongteng Dong, The University of Texas at El Paso 
Guikuan Yue, The University of Texas at El Paso 
Yongteng Dong, The University of Texas at El Paso 
Bradford C. Wesstrom, Freeport McMoRan 
John Quinn 
 
ABSTRACT With increasingly low-grade copper ores being mined, it is difficult to handle 
growing concentrations of As, Sb, Bi and/or Fe in the whole flowsheet, especially during copper 
electrorefining. To better elucidate the effects of those impurities on the quality of cathode 
deposit and/or current efficiency, a detailed speciation study of the electrolyte under industrial 
conditions is required to quantitatively describe their distribution in the solution, thereby 
facilitating their effective control and removal. In the present study, a thermodynamic model of 
complicated iron-arsenic-copper-sulfuric acid electrolyte under industrial conditions was 
developed. The main species of those elements involved in the electrolyte were first identified, 
and their thermodynamic data were collected and critically assessed. Those data were then used 
to estimate the activity coefficients of species, and to calculate the equilibrium constants from 
25°C to 70°C. The developed model provides a mathematical tool that is capable of quantifying 
the concentrations of free ions and complexes in terms of temperature and solution composition. 
Finally, oxidation-reduction potential measurements were employed to validate the model. 
 
9:15 AM - Presentation 595236 
Evolution of Quality Standards for Wire Bars and Cathodes 
Rodrigo Abel, CODELCO 
Ricardo Alarcón 
 
ABSTRACT For many years, copper cathode quality has been a priority for end consumers, 
since it affects the variety of products that can be obtained from them. From the beginning, 
physical and chemical quality of the wire bars was controlled, as this product was used to obtain 
wire rod and other forms of copper by wire drawing. At that time, all the electro refined cathodes 
were melted and casted as wire bars. Subsequently, in the 80’s, with the introduction of 
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continuous casting furnaces, it was possible to directly produce wire rod from cathodes. From 
then on, cathodes quality standards were consistently increased, by the introduction of uniform 
criteria, among which we can identify ASTM and British Standards as well. Also, producers 
began to use more demanding internal standards than the existing specifications, in order to 
differentiate their cathodes as high quality products among customers. Today the physical aspect 
of cathodes, including nodules, cracks, sulfates, or others, is the first element used by end 
customers to assess their quality. This paper aims to show a brief vision of the evolution of 
quality specifications for products used to manufacture copper wire. 
 
Impurities in Electrorefining II - Chair: Mike Moats 
Meeting Room 14 
10:05 AM - Presentation 593000 
Effect of Antimony, Nickel and Sulfuric Acid in Copper Electrorefining 
Daisuke Tetsuka, JX Nippon Mining＆Metals Corporation 
Hidenori Okamoto, JX Nippon Mining ＆ Metals Corporation 
 
ABSTRACT The amount of impurities to be processed in a copper smelting process has 
increased for recent years because of an increase in the electronic scrap amount. It has been 
found that Sb and Ni effect on the operation of our copper electrorefining process. It is found that 
the current efficiency of the copper electrorefining tended to be decreased as the Ni 
concentration in the electrolyte increased. The passivation of the process seemed to be more 
related to SO4

2 – concentration in the electrolyte rather than the Ni concentration in it. The 
current efficiency decreased when the Sb content in the anode was high. A high Sb content in the 
anode caused easy passivation by forming a gel-like film in the slime layer. We have developed 
a method to for see the anode passivation in a short time while generating a slime layer. We 
confirmed the tendency of passivation through the experiment of changing Pb content in anode. 
Passivation was easily occur with an increase in Pb content in the anode. The amount of slime 
increased as the Pb content in the anode increased. This suggests that passivation was facilitated 
because liquid diffusion near the anode was inhibited. 
 
10:30 AM - Presentation 591287 
Laboratory Scale Extraction of Bisumth and Antimony from a Copper Electrorefining 
Electrolyte Using a Proprietary Phosphonic Acid Ester Extractant 
Andrew J. Artzer, Missouri University of Science and Technology 
Michael S. Moats, Missouri University of Science and Technology 
Jack T. Bender, BASF 
 
ABSTRACT Antimony and bismuth in copper electrorefining electrolytes can cause cathode 
contamination, leading to the careful control of their concentrations. This study examined the 
laboratory scale removal of bismuth and antimony from an electrorefining electrolyte using a 
solvent extraction mini-pilot plant. The ability of a proprietary phosphonic acid ester extractant 
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(REX-2) in a commercial diluent was studied in a simulated commercial setting. Antimony and 
bismuth were both extracted effectively from the electrolyte (72% Bi and 70% Sb removed) and 
Bi was effectively stripped (92% Bi recovered) with 400 g/L sulfuric acid. A final strip solution 
was obtained from the SX circuit containing 0.36 g/L Bi, 0.043 g/L Sb, 1.3 g/L Cu, and 0.18 g/L 
As. Unfortunately, most of the extracted Sb remained in the organic phase. Following the pilot 
study, experiments were performed to examine the precipitation of bismuth from the aqueous 
strip phase and the removal of antimony loaded on to REX-2.  
 
10:55 AM - Presentation 587553 
Copper Refining Electrolyte Purification Using Molecular Recognition Technology for 
Bismuth Removal- the Experience at Birla Copper 
Neil Izatt, IBC Advanced Technologies, Inc. 
Raghavendra Adiga, Birla Copper 
Steven Izatt, IBC Advanced Technologies, Inc. 
Ronald Bruening, IBC Advanced Technologies, Inc. 
Reed Izatt, IBC Advanced Technologies, Inc. 
Luis Navarro, IBC Advanced Technologies, Inc. 
 
ABSTRACT Bismuth is a notorious contaminant in the electrolytic refining of copper that can 
cause many cathodes to fail to meet the ASTM standards and not be suitable for copper rod and 
other downstream products. It can significantly decrease electrical conductivity, increase the 
mechanical strength of the annealed wire, retard recrystallization, and will sometimes induce hot 
shortness during the hot rolling process in the production of rod. As a result, the control of 
bismuth in the refinery tankhouse must be carefully managed. This paper describes how 
Molecular Recognition Technology (MRT) is being used for bismuth removal at the Birla 
Copper Dahej copper refinery. The operation of the MRT bismuth removal plant is described and 
data on bismuth removal efficiency are presented.  
 
11:20 AM - Presentation 594965 
Reduction of Silver Loss in Copper Cathode 
Bhavin Desai, Aditya Birla Science & Technology Co. Pvt. Ltd. 
Lakshmi Kanth Reddy. Madikunta, Aditya Birla Science and Technology Company Private 
Limited 
Vilas Tathavadkar, Aditya Birla Science & Technology Co. Pvt. Ltd. 
Nirav Bhavsar, Birla Copper 
Raghavendra Adiga, Birla Copper 
Kaushik Vakil, Birla Copper 
Sanjay Sarkar, Hindalco Industries Limited (Unit:Birla Copper) 
 
ABSTRACT Gold and platinum group metals (PGM) do not dissolve in sulphate electrolyte 
from anode during electro-refining of primary copper. The PGM form solid ‘slimes’ which 
accumulates at bottom of the electrolytic cell. Typically, 8 to 10 ppm silver is present in copper 
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cathodes, which is equivalent to almost 2% of silver loss during electro-refining. The silver can 
be cemented with cathode copper as soon as it is dissolved into the electrolyte from anode or 
during entrapment of slime particles in cathode. Over a period of time, the concentrates grade 
has deteriorated and change in type and concentration impurities in concentrate has resulted in 
higher silver loss during refining process. Therefore, an in-depth investigation was carried out in 
both fire- and electro-refining processes to understand the root causes of higher silver loss in 
copper cathodes. The detailed characterization and the plant data analysis were carried out. The 
results of study revealed that higher silver loss in 3rd crop cathodes as compared to 1st and 2nd 
crop cathodes from same anode. In anode silver was present in two forms, dissolved in copper 
(solid solution) and in slime phases such as Cu(2-x)AgxSeTe. SEM-EDX study of anode cross 
section also revealed that central region (core) of anode was having higher silver and oxygen 
content as compared to both air and mould sides. This is due to non-uniform cooling of anode 
which was confirmed by the solidification modeling. Higher concentration of oxygen & silver at 
core of anode increased the Ag+ concentration in electrolyte and slime particles during 3rd crop. 
The results of study were used to optimize the anode cooling process and also electrolyte 
chemistry to reduce the silver loss. The details of study carried out are discussed in this paper 
using the results of thermodynamics and experimental studies.  
 
150 years of Copper ER III - Chair: Deniz Bas 
Meeting Room 12 
10:05 AM - Presentation 597216 
Current Density Increase Within the Last 150 Years 
Andreas Filzwieser, METTOP GmbH 
Martina Hanel, METTOP GmbH 
Iris Filzwieser, Mettop GmbH 
 
ABSTRACT The paper highlights the develpoment of copper refining within in the last 150 
years. From the beginning in 1885 at 30 A/m² up to the highest used current densities nowadays 
at 420 A/m² towards future pathways were even 1000 A/m² can be achievable. A short tour 
through history will highlight the milestones of the process of electrolytic refining of copper. 
Besides the improvement of the existing technology, the biggest changes leading to higher 
possible current densities are linked to the introduction of the ISA stainless steel plates and the 
introduction of the parallel flow principle. Furthermore, the parameters influencing the 
limitations regarding current density and therefore the practical used current density as well as 
the influence from the chemical composition of the electrolyte is discussed. Finally, the 
possibility of further increasing the current densities by enhancing the relative movement 
between electrolyte and electrode will give an outlook about the future of the copper electrolysis 
process.  
 
10:30 AM - Presentation 587436 
The First Electrolytic Copper Refinery in Australia at Wallaroo, South Australia 
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Phillip Mackey, P.J.Mackey Technology Inc. 
Ben McHenry, South Australian Museum, Adelaide SA, Australia 
Michael Reed, WorleyParsons 
Jon Weir, Inception Group 
Albert Wraith, Private Consultant 
 
ABSTRACT The Wallaroo smelter on the Yorke Peninsula, South Australia commenced 
smelting operations in 1861 treating ores from the nearby Moonta and Kadina mines. The plant 
expanded and modernized on several occasions and was a leader in the successful introduction of 
new technology to improve operations. It operated continuously until 1923 when local mines 
became exhausted; in the closing stages of the 19th century it was the largest copper smelter in 
the world outside of those in Swansea, Wales. In 1892 a small electrolytic refinery was 
established at Wallaroo, the first in Australia, based on principles developed by Elkington at 
Pembrey, Wales in 1869. The Wallaroo refinery was specifically built to recover gold and silver 
from copper produced by smelting gold-containing feed materials shipped from Western 
Australia. This first venture into electrolytic refining was replaced in 1903 by a somewhat larger 
refinery which, although modest in size for its time, with a capacity of about 1000 tonnes of 
cathode copper per year, was very productive in precious metals. Anode copper was produced by 
an updated version of the reverberatory-based Welsh process until 1910 when barrel-type 
pneumatic converters were introduced based on American practice; subsequently, anodes were 
cast by tapping the precious-metals rich "bottoms" portion of converter copper as produced at 
about one-fifth into the copper blow. The present paper describes the Wallaroo refinery, its 
anode supply and products, supported by the results of a recent analysis of a sample of a 
Wallaroo cathode held in the collection of the South Australia Museum, Adelaide SA, Australia.  
 
10:55 AM - Presentation 599250 
History of China's Electrolytic Copper Production 
Keqin Tan, Fangyuan Nonferrous Metals Ltd., Co. / Queensland University of Technology 
Changping Hu, China Nonferrous Metals Industry Association 
 
ABSTRACT In 1936, the Metallurgical Department of the National Resources Committee 
established a copper refinery plant (predecessor of the Chongqing Smelter) in Changsha, Hunan 
Province. The blister copper produced by a local copper smelter was cast as anode for 
electrorefining. The plant, with a capacity of one tonne of electrolytic copper per day,was 
designed and tested in 1937. At the trial production stage, a total of 9 tonnes of cathode copper 
was produced. The plant was formally put into operation in July 1938. In the same month, more 
than 20 tonnes of electrolytic copper with purity over 99.9%Cu was produced. This was the first 
batch of electrolytic copper produced in China.  
In 1938, China's largest non-ferrous metal smelting plant, Fengtian Gold Mine Refining ( 
predecessor of the Shenyang smelter) was completed and put into operation in Shenyang, mainly 
producing nonferrous metals such as copper and lead, as well as silver and gold.In 1939, the 
Kunming Smelter (predecessor of Yunnan Smelter) was completed and put into operation. The 
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plant equipment, imported from the United Kingdom, was designed to produce 1,200 tonnes of 
electrolytic copper annually. In 1943, Jiatong smelter (predecessor of the Shanghai Smelter) 
became the 4th domestic cathode copper producer. 
Since 1949, China has gradually established a large copper industry. These developments are 
discussed in this paper. Today, China operates nine out of the twenty largest copper refineries in 
the world. With a total capacity approaching 9 million tonnes of copper per year, China has the 
world’s largest copper refining capacity.  
 
11:20 AM - Presentation 577350 
History of Electrolytic Copper Refining in Japan - From the First Copper Refinery up to 
the Present Day 
Susumu Okabe 
 
ABSTRACT In 1906, the operation of the first electrolytic copper refinery in Japan commenced 
at Furukawa’s new Nikko refinery based on the series system, having a production capacity of 54 
tonnes/month (650 tonnes/yr.). By 1935, as a result of growth in copper demand, there were six 
domestic copper electro-refineries with a total capacity of 97,800 tonnes/yr., while actual 
production output was 71,200 tonnes/yr. Since about 1932, the majority of these plants were 
based on the more common parallel or multiple system. In 1946, just after World War II, 
domestic production capacity had considerably dropped to 29,000 tonnes/yr.; however with 
reconstruction, capacity expanded rapidly, reaching 90,400 tonnes/yr. by 1950, then 120.400 
tonnes/yr. in 1955, 274,400 in 1960 and 1,236,400 tonnes/yr. in 1964. These developments are 
discussed in the paper. The major technical achievements during the growth period from 1945 to 
1963 included: the use of fire-refined anodes; the introduction of newly-developed rectifiers; the 
introduction of lead-lined or vinyl-lined concrete cells; improvements in the electrolyte heating 
system; application of improved anti-corrosion materials and the introduction of heat-insulating 
surface coverings. These developments are also discussed in the paper. Today, Japan’s refined 
copper production at about 1.5 million tonnes/yr. ranks third in the world after China and Chile.  
 
Advancement in Tankhouse Technology I - Chair: Vicken 
Aprahamian 
Meeting Room 12 
2:00 PM - Presentation 594055 
The Latest Advancements in Cathode Stripping Machine Technology 
Martti Larinkari, Outotec 
Max Schmidt, Outotec 
Peter Nord, Outotec 
 
ABSTRACT Cathode stripping machine technology has been developed significantly both in 
electrorefining (ER) and electrowinning (EW) applications in the last ten years. The main driver 
has been robotic cathode handling, which has enabled increased flexibility to meet different 
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layout and material handling requirements for both ER and EW processes. Additionally, cathode 
stripping stations have been continuously developed to optimize speed and to reduce mechanical 
stress of permanent cathodes. 'taco' type cathodes have been proven as beneficial approach for 
high capacity operations (particularly in Cu ER), where over 600 cathodes per hour continuous 
throughput has been achieved. However, the latest developments also apply to split type cathode 
stripping. Besides material handling, the modern cathode stripping machine has also an 
important role to provide information for production and quality monitoring. This paper 
describes the latest developments from the field of copper cathode stripping based on several 
different projects implemented in the recent years.  
 
2:25 PM - Presentation 594763 
Utiliizing an Injection Molding Process to Create Edging for Starter Sheet Blanks Used in a 
Conventional Tankhouse 
Tracy T. Morris, ASARCO LLC 
Weldon Read, Retired 
Rick Steen, Rhino Linings Amarillo South 
 
ABSTRACT Edging for starter sheet blanks used in conventional copper refineries has always 
been problematic for getting the edging to seal and adhere to the titanium material used for the 
blank so that copper won't plate under the edging and cause undo problems in getting the copper 
sheets to separate from the blanks. A method was developed at the Amarillo Copper Refinery 
utilizing an injection molding process that better adheres the edging material to the titanium that 
makes the harvesting of starter sheets much easier to the point that robots are now used to strip 
with and which holds up very well to the unforgiving physical nature of the electroplating 
process. It is presumed that this technology could be successfully utilized for permanent cathodes 
as well.  
 
2:50 PM - Presentation 581429 
Reducing Ferric Ions in Acidic Electrolytes by Copper Powder Generated During Reactive 
Electrodialysis 
Ibáñez Juan Patricio, Universidad Técnica Federico Santa María 
Cortés Stefany, Minera Tres Valles SpA 
Ipinza Jorge, Universidad Técnica Federico Santa María 
Casas Jesús, Universidad Técnica Federico Santa María 
 
ABSTRACT Copper powder generated during treatment of electrometallurgical bleeds by 
reactive electrodialysis (RED) had totally reduced the content of ferric ions in acidic synthetic 
electrolytes (Cu (II)- Fe (III) – H2SO4). When a columnar system at 45 ºC was used, 100% of 
the ferric ions were reduced to ferrous ions by a rate of around 45 g of ferric ions per gram of 
copper powder, with an extremely high kinetics. A preliminary conceptual design for reducing 
ferric ions based on an integrated RED-Column for treatment of electrowinning bleed system is 
discussed. This system is able to recover simultaneously sulfuric acid and copper powder, this 
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powder is used to reduce ferric ions. 
 
3:15 PM - Presentation 582991 
Technological Advances in the Electrolytic Cell 
Robert P. Dufresne, Pultrusion technique Inc, 
 
ABSTRACT Electrolytic cells are used in electrowinning (EW) and electrorefining (ER) of non-
ferrous metals such as zinc and copper, and are a critical part of the purification process. The cell 
is a large basin and has an electrolyte or aqueous solution, an anode and a cathode, an insulator, 
and incoming high amperage. Cells are exposed to unfavorable internal and external factors that 
have a direct impact on their lifespan. Their deterioration can be caused by incorrect polarity, 
insufficient magnitude, their construction, tension stress, thermal shock, corrosion and other, and 
their maintenance and replacement can be time-consuming, costly, difficult and environmentally 
unsafe. Occupational health hazards and dangers posed by the maintenance and removal of the 
cell should also be taken into consideration. Modifying the design and fabrication method of the 
cell, using chemical-resistant reinforcement, and increasing tensile and mechanical strength will 
defer maintenance for a very long time. This can be achieved by a double hull system that 
comprises full-length composite reinforcement, polymer concrete reinforced with fiberglass 
pultruded rods and rebars, fiberglass structural layers, and special resin matrices. This will 
provide protection against thermal shocks, corrosion, leakage, cracks. The design of this cell 
incorporates a lifting system that will afford quick and easy install without having to move a 
great number of cells in close proximity, since it is strong enough to stand on its own and not 
have to be bonded to adjacent cells. As well, the cell can be anchored with ease as it remains 
stable. This is especially important because space is limited to lift and manoeuver between the 
cell and the double-girder overhead travelling cranes. The lifting system can also prevent 
electrocution and loss in product quality, while increasing efficiency and safety in the workplace. 
Considerable savings in terms of production downtime are also part of the equation. 
 
Impurities in Electrorefining III Chair: Georges Houlachi 
Meeting Room 14 
2:00 PM - Presentation 594828 
Electrorefining of Low Grade Copper Alloys in Sulfamic Acid Media 
Hidehiro Sekimoto, Iwate University 
Tomohiro Sugawara, Iwate University 
 
ABSTRACT The conventional electrorefining of copper is carried out in sulfuric acid media 
containing 170 – 210 g L−1 of H2SO4 and 40 – 55 g L−1 of Cu(II). The purity of copper for 
anode required in this process is approximately 99 mass%. Recently, the concentration of 
impurities in copper concentrates tends to increase. In addition, some smelters has introduced 
recycling resources such as E-scraps, automobile shredder residues and various kinds of smelting 
residues into smelting processes. Consequently, the concentration of impurities in the anode has 
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increased. It is difficult to refine low grade copper alloys with the conventional electrorefining 
process because when the low grade copper alloys are used as the anode, it easily passivates 
during electrolysis. Thus, the development of a technology for electrorefining of lower grade 
copper alloys is desired. In this study, we investigated the electrorefining of copper using 
sulmfamic acid media. Low grade copper alloys containing Ni, Pb, Sb, Bi, As, Se, and Ag were 
prepared and served as anode materials. The concentration of copper in the copper alloys were 
controlled in the range between 70 mass% and 90 mass%. Galvanostatic electrolysis was carried 
out using the low grade copper alloy anode and a stainless steel cathode in sulfumic acid media 
containing 100 g L-1 of (NH2)HSO3 and 40 g L-1 of Cu(II). When electrorefining using the low 
grade copper alloy anode assaying at 80 mass%Cu in the sulfamic acid media was carried out, 
the terminal voltage was approximately 0.8 V. During the electrolysis, the terminal voltage was 
periodically increased to approximately 2.0 V and then returned to the initial value. When the 
terminal voltage was at 2.0 V, the evolution of oxygen on the anode was observed. Nickel, lead, 
and arsenic were dissolved from the anode in the electrolyte to be removed from copper. 
Antimony, bismuth, selenium, and silver were removed from copper as anode slime. After the 
electrolysis, a dense copper cathode was recovered. The concentration of copper was evaluated 
to be approximately 99.82-99.99 mass%. 
 
2:25 PM - Presentation 595586 
Characterization and Electrorefining of a Copper Anode with High Lead, Arsenic and 
Bismuth 
Charles M. Campbell, Missouri University of Science and Technology 
Michael S. Moats, Missouri University of Science and Technology 
 
ABSTRACT Samples of a high impurity (90.05 wt% Cu, 4076 ppm Pb, 1939 ppm As and 635 
ppm Bi) commercial copper anode were characterized and then electrorefined in a laboratory 
scale cell. Anode inclusions were extensively characterized using backscatter mode scanning 
electron microscopy and energy dispersive spectroscopy. Hundreds of inclusions were measured 
for size, morphology and composition. Commonly found inclusions were copper oxide (Cu2O), 
complex oxides (Cu-Pb-Bi-As-O) and copper selenides/tellurides. The weight percent of lead 
and arsenic increased with increasing inclusion size up to 4-5 microns. During electrorefining, 
starter sheet ductility was negatively impacted by thiourea addition. The importance of arsenic 
(V) concentration on the electrolyte concentration of bismuth was observed.  
 
2:50 PM - Presentation 588813 
Solution Purification of Copper Electrorefining Electrolyte - A Novel Way to Recover 
Precious Metals 
Mari Lundström, Aalto University 
Pyry-Mikko Hannula, Aalto University 
Kirsi Yliniemi, Aalto University 
Benjamin Wilson, Aalto University 
Violeta Barranco, CSIC/ National Centre for Metallurgical Research CENIM 
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Dawid Janas, Silesian University of Technology 
Annick Hubin, Vrije Universiteit Brussel 
 
ABSTRACT Typical copper electrorefining electrolyte contains tens of grams of copper, some 
nickel and a wide variety of impurities. Some of these impurities comprise trace amounts of 
dissolved precious metals like Ag, Pd and Pt that currently are not fully exploited. This study 
presents an electrochemical method to recover precious metals via a combined electrodeposition-
redox replacement (EDRR) process, where energy is used only to deposit copper during the ED-
step, while the RR-step relies on the spontaneous replacement of copper by the precious metals 
(i.e. cementation). In order to conduct the recovery successfully, process parameters such as 
deposition potential (EDE), deposition time (tDE), redox replacement time (tRR) and the number 
of cycles (n) was adjusted. Investigations performed in synthetic electrolyte (40 g/L Cu, Ag = 10 
ppm) proved the possibility to recover a high purity silver. Short deposition times (tDE) were 
found to result in small Cu particles that provided a suitably high surface area for silver 
cementation. In addition, experiments performed in real industrial electrolytes containing 44 g/L 
Cu and 54 ppb Ag (Boliden Harjavalta, Pori), demonstrated that EDRR could attain Ag 
recoveries of between 46-67% in an energy efficient, additive-free manner. 
 
3:15 PM - Presentation 592548 
Utilizing Ion Exchange for Impurity Control in Copper Electrolyte 
Katerina Kryst, Eco-Tec Inc. 
Karem Elkayar, Eco-Tec Inc. 
 
ABSTRACT The increasing need to process lower grade contaminated copper concentrates and 
simultaneously produce higher purity copper cathodes necessitates a more diligent control in the 
electrorefining process. Ion exchange processes can be a powerful tool in controlling electrolyte 
impurities to ensure trouble free operation within the tankhouse and to help maintain cathode 
purity. In addition, some impurities can be recovered as a value added product. The use of a short 
bed ion exchange process provides a unique opportunity for impurity management in copper 
refineries. Several metals are discussed in this paper, including Sb, Bi, As and Ni and their 
methods of control and recovery within the copper electrolyte circuit. 
 
Copper 2019: Hydrometallurgy 
Copper Recovery - Chair: Jeff Adams 
Meeting Room 9 
8:00 AM - Presentation 589174 
Cu Extraction from naturally sourced CuFeS2 Coupled to Zn Electrowinning in a Battery-
Like System 
Kashif Mairaj Deen, Department of Materials Engineering, The University of British Columbia 
Edouard Asselin, UBC 
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ABSTRACT Hydrometallurgical processes, i.e., Cu extraction from a mineral concentrate and 
Zn electrowinning, are coupled in a battery-like system. A naturally-sourced CuFeS2 concentrate 
mixed with activated carbon is used as a positive slurry electrode separated by a membrane from 
the negative compartment. The Zn is deposited on the negative Al current collector from the 
circulating solution containing 100 g L–1 Zn2+ in 0.2 M H2SO4. In this battery-like system, 
both CuFeS2 oxidation and Zn deposition are possible during the charging cycle. The additional 
benefit of this setup is the energy storage if discharged by re-dissolving the Zn in the negative 
compartment. Cyclic charge/discharge testing revealed oxidation of the mineral concentrate 
supported by the Zn2+/Zn redox reaction. The coulombic and energy efficiencies increased 
monotonically to 95.6% and 43%, respectively, with approximately 7% Cu extraction during the 
first 10 charge/discharge cycles (completed in 2.4 hours). The discharge energy density also 
increased from 2.7 to 36.2 mWh L–1. In the following 90 cycles, the low energy (~14%) and 
coulombic (~33%) efficiencies that were obtained confirmed the progress of irreversible 
reactions e.g. Cu extraction from the mineral concentrate. Overall, approximately 16% Cu was 
extracted from the mineral concentrate over 100 charge/discharge cycles (or about 12.2 hours). 
 
8:25 AM - Presentation 595142 
Design and Optimisation of a New Hydrometallurgical Processing Route for Copper 
Recycling Using Process Simulation 
Marie-Amelie de Ville d'Avray, CASPEO 
Marie-Veronique Durance, CASPEO 
Etienne Braak, CASPEO 
Anne-Gwenaelle Guezennec, BRGM 
Philippe Wavrer, CASPEO 
 
ABSTRACT The aim of the European CEReS project was to develop an innovative copper 
recycling route based on the coprocessing of coal production waste by bioleaching and printed 
circuit boards (PCBs) from Wastes of Electrical and Electronic Equipment (WEEE). Coal waste 
is processed by bioleaching in stirred tank reactors, and the resulting bio-lixiviant solution is 
used to extract copper from PCBs pre-treated by catalytic cracking. Copper is then extracted 
using solvent extraction, stripping and electrowinning. The whole process flowsheet combines 
thermal, biotechnological, physical and hydrometallurgical operations. Once the process concept 
has been validated at laboratory scale, a simulator of the whole process has been built in the 
USIM PAC software platform. The tool enables to improve the analysis of the results of the lab-
scale experiments and to design industrial-scale scenarios by simulation. The results of such 
simulations allow to estimate the economical interest and to perform environmental impact 
assessment. After presentation of the CEReS project objectives and main results, the paper 
describes the methodology used to build the simulator and define the scenarios corresponding to 
feasible process routes. The main results of the simulations are then presented with technical, 
economic and environmental point of views. 
 
8:50 AM - Presentation 594520 
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Seeking Hydrometallurgical Pathways for Chalcopyrite Leaching: Development of a 
Thermodynamic Model 
Claire-Salomé Touchard, Laboratoire de Génie Chimique / INP 
Florent Bourgeois, INPT / Laboratoire de Génie Chimique 
Carine Julcour-Lebigue, CNRS / Laboratoire de Génie Chimique 
Laurent Cassayre, CNRS / Laboratoire de Génie Chimique 
 
ABSTRACT Developing a hydrometallurgical process that can overcome the refractory nature 
of chalcopyrite (CuFeS2) to leaching still eludes the minerals industry, despite major research 
efforts spanning decades. The several leaching experiments of this ore in sulfuric acid tend 
toward the same conclusion that the precipitation of elemental sulfur or iron containing species 
are the main dissolution inhibitors. Describing both the electrolyte composition and the various 
solid phases in equilibrium for the Fe-H2SO4-H2O system is essential to overcome this issue and 
to find an operating window. According to the thermodynamic models and to the thermodynamic 
data, we demonstrate, in this study, the need to use the SIT model to describe complex 
electrolytic systems through a limited number of parameters. Hence, the binary interactions for 
our case study have to be defined and estimated. This work develops a methodology to determine 
these parameters of the SIT model up to 90 °C and an acid concentration of 1 mol/kg from 
published data for H2SO4-H2O and Fe(II)-H2SO4-H2O sub-systems or from new experimental 
data for the Fe(III)-H2SO4-H2O one. This method will eventually be applied to copper systems 
to lead to a thermodynamic description of the complete CuFeS2-H2SO4-H2O system. 
 
9:15 AM - Presentation 597328 
Upgrading Copper Sulphide Concentrates Through High Temperature Metathesis 
Reactions 
William Hawker, The University of Queensland 
Kelly Byrne, The University of Queensland 
James Vaughan, The University of Queensland 
 
ABSTRACT The average grade of copper concentrate is steadily declining, forcing the industry 
to turn to lower grade and metallurgically challenging orebodies. When faced with a low grade, 
challenging ore, mining companies are often forced to choose between high recovery at low 
grade or low recovery at high grade. Hydrometallurgical processing of copper concentrates using 
metathesis reactions, which replace iron with copper in copper-iron sulphide minerals and 
increase the copper to sulphur ratio in copper sulphide minerals, provide an opportunity to 
upgrade copper concentrates and potentially allow high copper recovery for a high grade 
concentrate. Factors such as concentrate mineralogy, reaction time and temperature, and the 
concentrations of copper, chloride and acid in solution are reported to affect the reaction extent 
and mineral phases formed by metathesis. In this paper, a copper concentrate has been studied 
over a wide range of conditions to investigate the influence of these key parameters on the extent 
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of copper metathesis reactions and product phases formed. Solution and solid phases are assayed 
with the main mineral phases identified by Quantitative X-Ray Diffraction. 
 
Hydrometallurgy II - Chair: Jan Smit 
Meeting Room 8/15 
8:00 AM - Presentation 596815 
Behaviour of Selenium Contained in Copper Anode Slimes by Oxidizing Alkaline Leaching 
Evelyn Melo, University Catolica del Norte 
María Cecilia Hernández, University Catolica del Norte 
Oscar Benavente, University Católica del Norte 
 
ABSTRACT Selenium is obtained mainly from copper anode slimes, which is a by-product of 
the copper electrorefining process. Selenium is present in copper anode slimes as silver and 
copper selenides. Traditionally, selenium has been obtained by pyrometallurgical processes; 
however, hydrometallurgy has now been incorporated either full or partial to the conventional 
process. Some hydrometallurgical processes are been developed and used at laboratory level an 
industrial scale. This document describes theoretical background and results of characterization 
and dissolution of selenium from a decopperized anode slimes in an alkaline oxidizing system. 
The results have indicated that the oxidizing leaching process reaches a practically complete 
dissolution of selenium (up to 90 %); the undissolved portion is due to the generation of a AgCl 
around the particle surfaces that delays the progression of the reaction. The results indicated that 
90% of selenium extraction can be obtained by dissolution under moderate conditions of pH, 
temperature and reagent concentration in oxidizing medium.  
 
8:25 AM - Presentation 594898 
The Hydrometallurgy of Chalcopyrite in Ammoniacal Solutions 
Thandazile Moyo, University Of Cape Town 
Jochen Petersen, University of Cape Town 
 
ABSTRACT Ammoniacal solutions are attractive and effective lixiviants for the dissolution of 
chalcopyrite, allowing for the formation of stable amine complexes with copper while rejecting 
iron. Chalcopyrite dissolution in ammoniacal solutions is reviewed from literature, and results 
from a recently completed study evaluating it through electrochemical and controlled leach 
studies are discussed. 
Ammoniacal leaching of copper ores dates back to 1916 in the leaching of low grade copper ores 
in the Kennecott leaching plant and in the Calumet and Hecla mines, followed by the 
commercialisation of the Sherrit Gordon process for the ammoniacal leaching of sulphide copper 
ores in 1948. Since then ammoniacal leaching has received intermittent focus from researchers 
with the development of the Anaconda’s Arbiter process and the unsuccessful Escondida 
process. In these leaching processes, the formation of surface deposits has historically been 
reported to result in the passivation of the chalcopyrite surfaces, whereas oxygen mass transfer in 
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solutions has been the focus of process design improvements.  
Results of studies on high grade chalcopyrite material is presented in this paper which show that 
although a surface deposit was formed, it did not result in the passivation of chalcopyrite in 
ammoniacal solutions, and that while oxygen transfer is critical, it is not the direct oxidant in the 
reaction. Furthermore, it will be shown that although electrochemical studies can be effectively 
used to study the surface reactions and predict the kinetics of chalcopyrite leaching in 
ammoniacal solutions, electrochemical studies are only effective for the initial leach kinetics and 
are not sufficient for the prediction of what happens in the long term in leach reactors.  
 
8:50 AM - Presentation 595448 
Copper Leaching from Low Grade Copper Ores Using Alternative Leaching Systems 
Jiajia Wu, University of Arizona 
Junmo Ahn, University of Arizona 
Jaeheon Lee, University of Arizona 
 
ABSTRACT In the US, over 40% copper was produced by hydrometallurgical process in 2015. 
In this project, low grade copper ore samples were obtained from two active copper mines in the 
US, and they were chalcopyrite-rich and conichalcite-rich ore, named as sample A and B, 
respectively. Chalcopyrite (CuFeS2), the most abundant copper mineral, is reluctant to leach in 
acidic solution at ambient temperature; conichalcite (CaCu(AsO4)(OH)) is often recognized as a 
secondary mineral in the oxidized zone of copper deposits, the leaching behavior is not fully 
clarified yet.  
Copper grades were 0.6% and 0.4% for the two samples. Leaching experiments were conducted 
by bottle roll tests for 24 hours at room temperature, and various leaching systems were applied. 
Methanesulfonic acid (MSA) and glycine were used as alternative lixiviants to sulfuric acid. 
Oxidants including ferric ion and hydrogen peroxide were tested.  
The results showed the copper extraction of sample A increased after adding of 1 g/L ferric ion 
in sulfuric acid and MSA solution, from 20% to 35%, but further increase of copper recovery 
was not observed with higher ferric ion concentration. The copper recovery increased 
significantly with hydrogen peroxide concentration, and over 80% copper recovery was obtained 
with 10% H2O2. For sample B, the copper dissolution kinetics were relatively fast and reached 
the maximum value in five hours. Around 60% copper were extracted in sulfuric acid and MSA 
solution. Copper recovery increased by 5% after adding ferric ion into sulfuric acid solution 
while no obvious increase in MSA solution. Addition of H2O2 as oxidant did not affect the 
copper leaching from sample B. Glycine is a weaker lixiviant for both samples, the copper 
extractions were 30% and 4% respectively.  
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9:15 AM - Presentation 593586 
A Comparative Study of Cu Recovery from Different Primary Copper Sulfide Ores with 
JX Iodine Process 
Yuken Fukano, JX Nippon Mining & Metals 
Akira Miura, JX Nippon Mining & Metals Corporation 
Katsuyuki Sato, JX Nippon Mining & Metals Corporation 
 
ABSTRACT JX Nippon Mining and Metals Corporation has developed JX Iodine Process, 
innovative and patented copper leaching process for low-grade primary copper sulfide, from 
which it is so far difficult to extract copper with conventional leaching technology in economical 
way. JX Iodine Process runs at ambient temperature and consists of irrigation of solution 
containing low concentration of iodide and moderate concentration of ferric iron in order to 
enhance the copper recovery from ores containing copper sulfide. One meter column leaching 
tests with JX Iodine Process have been conducted for assessing ore samples from two different 
mines. When leaching volume reached 10 m3/t, CuT recovery rate exceeded 70% in one column 
(sample A), significantly higher than that of conventional ferric leaching (14%), whereas CuT 
recovery rate was approximately 50% in another column (sample B), whose recovery with 
conventional leaching was 20%. To elucidate the reason of these JX Iodine Process effectiveness 
differences, the cross section observations on leached residues were done. The results showed 
that reaction vestiges around chalcopyrites are confirmed even in the central area of the ores in 
sample A, however, reaction vestiges are recognized only in 1 mm from the ore rim in sample B. 
The resistance to the leachate of sample A seemed to be lower than sample B because sample A 
had a high permeability and porosity owing to its clay property while sample B had been 
strongly affected potassium alteration and abound with silicate minerals. On the other hand, we 
could not find any reaction vestiges around the chalcopyrite in the residues with conventional 
leaching, even in the ore surfaces. 
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Copper Arsenic Hydrometallurgy - Chair: Jochen Petersen 
Meeting Room 8/15 
10:05 AM - Presentation 583863 
Environmentally Responsible Processing of Copper-Arsenic Concentrates 
Jan T. Smit, Sherritt International, Technologies 
Kelvin R. Buban, Sherritt International, Technologies 
M. J. Collins, Sherritt Technologies, Sherritt International Corporation 
P. C. Holloway, Sherritt Technologies, Sherritt International Corporation 
 
ABSTRACT Historically, there has been little incentive to process copper-arsenic concentrates 
by leaching, rather than via established smelting operations. However, with ever tightening 
environmental emission standards and more arseniferous concentrates being produced, 
increasingly sophisticated and upgraded off-gas handling facilities are required in smelting 
operations, generating greater quantities of challenging metallurgical dust. In this context, 
oxidative pressure leaching offers distinct advantages. The current state of pressure leach 
technology delivers high extractions from copper concentrates, while producing an 
environmentally stable process residue, without atmospheric emissions of sulphur dioxide or 
arsenic. However, as was shown in an earlier study, copper extractions and environmental leach 
residue stability are impacted negatively by arsenic levels above some 2.5 to 3.0 wt%. 
 
In further development studies on pressure leaching of copper concentrates, Sherritt has 
developed process conditions that allow even highly arseniferous (> 7 wt% As) feed materials to 
be converted into environmentally stable residues, with excellent copper extractions. At the same 
time, pressure leach residues can be generated that are amenable to silver recovery via direct 
cyanidation, without pretreatment by lime boiling or hot curing. The results of batch and pilot 
plant test work are discussed. 
 
10:55 AM - Presentation 592081 
Arsenic Extraction from Chilean Copper Concentrates 
Gerardo E. Fuentes, Universidad de Chile 
 
ABSTRACT Arsenic appears in nature in more than 200 mineral species, being arsenopyrite 
(FeAsS), enargite (Cu3AsS4), and tennantite (Cu12As4S13) the most common species. In 
addition, arsenic is present in a large amount of copper concentrates, produced in northern Chile. 
Medical statistics show that in northern Chile, the amount of cancer to the lung, skin, and bladder 
are the highest in the country. The latter situation demonstrates the importance of studying 
metallurgical processes that do not generate atmospheric pollution. The hydrometallurgical 
processes such as hydrothermal treatment in autoclave reactors, do not produce gaseous 
emissions. On the other hand, the arsenic remains in solution from where it can be transformed in 
scorodite by widely known methods. Previous works about the hydrothermal treatment of 
enargite have shown the feasibility of transforming the enargite of the copper concentrates into 
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chalcocite or mineral species of the chalcocite family. such as djurleite, digenite and for this 
reason enrich the concentrate in copper and pass the arsenic to the solution. For this research, 
two Chilean copper concentrates were used, concentrate 1 with 5.5% arsenic and concentrate 3 
with 1.8% arsenic. These concentrates were subjected to a complete chemical and mineralogical 
characterization. Later these concentrates were carrying out to batch tests of hydrothermal 
treatment. Also, these concentrates were subjected to grinding to have different particle sizes. 
For the hydrothermal tests, a liter capacity Autoclave Engineer reactor was used. Characteristic 
of this reactor was the maximum temperature of 350°C, 5000 PSI pressure, and 900 rpm 
agitation speed. Kinetic tests were carried out with the two concentrates maintaining the same 
solid: liquid relationship, the same agitation velocity and the variables studied were treatment 
temperature, time of reaction, the concentration of copper in the solution and grain size of the 
concentrates. The conclusions of the study indicated arsenic extraction of the order of 93.98% 
from the concentrate 1 and arsenic extraction of the order of 98.74% from concentrate 3. 
 
11:20 AM - Presentation 566375 
Options for Removing Arsenic and Talc from a Copper Concentrate 
Damian Connelly, METS Engineering Pty Ltd 
 
ABSTRACT The option to leach iron from what is a low grade copper concentrate could reduce 
transport costs and make the saleability of the concentrate much better. In addition it reduces 
smelting costs and can remove undesirable impurities. The trend to cleaner and higher grade 
copper concentrates is very appealing to the smelters.  
A recent copper project came on line and there were three serious deficiencies which did not 
show up in the Feasibility Study. This came as a surprise and resulted in a number of projects to 
investigate ways of rectifying the problems in the shortest timeframe possible and using minimal 
new capital. 
The first serious issue not identified when commissioning was the copper recovery is only 70% 
compared to a predicted recovery of 80% to 87% predicted in the Feasibility Study. This 
required investigating new flotation reagents and incorporating controlled potential 
sulphidisation. 
The second serious issue overlooked is the presence of significant amounts of talc minerals 
(insol) in the ore which is naturally floatable. This leads to lower concentrate grade and attempts 
to remove the talc resulted in lower copper recovery. Smelters have limits on the amount of talc 
in concentrate because it produces viscous slags and difficulties for the smelter. It also incurs 
higher transport costs. 
The third serious issue not identified in the Feasibility Study was the high arsenic reporting to 
concentrate. Arsenic is a penalty element for smelters and at levels exceeding 0.3% the smelters 
may reject the concentrate. Arsenic is environmentally a problem for copper smelters and 
penalties apply when it is high.  
This paper describes the options addressed and suitability to incorporate into the modified 
flowsheet.It also highlights where the geometallurgy was not properly addressed and how these 
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surprises could have been avoided. 
 
11:45 AM - Presentation 596300 
Parameter Study of the Activated Carbon-Catalyzed Arsenic Oxidation Process Under 
Dynamic and Continuous Conditions 
Chengqian (Charles) Wu, Queen's University 
Ahmad Ghahreman, Queen’s University 
 
ABSTRACT Activated carbon is proven to be able to catalyze the arsenic oxidation in 
oxygenated aqueous solutions under acidic conditions. A commercially available granular 
coconut shell based activated carbon (AC) has been evaluated as the catalyst of arsenic oxidation 
in this study. The BET surface area of AC is 921m2/g and the BJH pore distribution on AC is 
0.045cm3/g. The rapid small-scale column test (RSSCT) is developed to simulate and predict the 
performance of the activated carbon-based arsenic treatment system. RSSCTs are inexpensive 
methods and do not require extensive isotherm or kinetics studies while those can provide a 
constant flow test results which are more representative as compared to the batch tests. The tests 
have been conducted in aerated column reactors filled with 16 mesh wet-screened granular AC. 
Breakthrough profiles of RSSCTs are constructed to simulate pilot-scale performance for the 
arsenic oxidation process and its adsorption onto the activated carbon. Effects of empty bed 
contact time (EBCT), aeration rate, and initial arsenic concentration in the feed solution on the 
activated carbon catalysis of arsenic oxidation under dynamics and continuous conditions are 
studies by manipulating the parameters during RSSCTs. Ideal EBCT condition for the activated 
carbon-based columns is 50 min. To achieve a relatively high oxidation efficiency, aeration is 
required, while not in a large amount, during the operation: with an oxygen flow rate over 0.05 
L/min, the increase in oxygen flow rate doesn’t have a significant effect on promoting the 
oxidation efficiency. The effectiveness and longevity of the activated carbon on catalysis of 
arsenic oxidation was examined. The highest steady-state arsenic oxidation efficiency achieved 
was 98% over a course of 389 hours operation corresponding to 11640 mL total influent 
throughput volume with 460 min EBCT. In a long-running RSSCT the oxidation efficiency did 
not seem to dwindle until triple of the time after reaching breakthrough point. 
 
Solvent Extraction - Chair: Cinziana Sist 
Meeting Room 9 
10:05 AM - Presentation 595735 
Controlling Crud Formation in Solvent Extraction with ACORGA® CR60 PLS Additive 
Tyler McCallum, Solvay 
Troy Bednarski, Solvay 
Bravo Mbao, Solvay 
Luis Moya, Solvay 
Lambert Nsenga, Solvay 
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ABSTRACT The accumulation of solids in solvent extraction (SX) circuits can cause problems 
with the physical and economic performance of the operation. These solids are responsible for 
the formation of crud, a solid stabilized emulsion containing organic, aqueous and fine solid 
particles. The build-up of crud in SX settlers can limit SX operation throughput, require plant 
downtime, lead to higher organic losses, or result in higher aqueous in organic entrainment -- all 
of which can have a significant, negative economic impact. Current practices for crud 
management are typically reactive. Crud is physically removed after it has been allowed to build 
to excessive levels in the circuit and processed mechanically using centrifuges or filtration.  
 
A new proactive solution has been developed to prevent crud formation and build-up. Low ppm 
dosage of an additive, ACORGA® CR60, into the pregnant leach solution (PLS) has resulted in 
reduced crud formation in pilot and commercial scale for a variety of PLS streams. This paper 
will review results from operations in North America and Africa, covering heap leach, agitated 
leach, and concentrate leach feeds. 
 
10:30 AM - Presentation 586442 
Management of Copper Solvent Extraction Plants Running at Reduced Throughput 
Godfrey Bamuanya. Mitshabu, BASF 
Didier Kachongo, Chemaf 
Albert Kashala, Ruashi Mining 
Yi Zhou, BASF 
 
ABSTRACT Most of the Democratic Republic of Congo (DRC) copper processing flowsheets 
include the leaching of oxide ores containing both copper and cobalt, copper solvent extraction, 
copper electrowinning (EW), and precipitation of cobalt salt (mostly hydroxide). Over the last 
couple of years, the price of cobalt has gained momentum, driven mostly by the fast-growing 
electric vehicles and electronic device battery market. The blending of feed material at the front 
end of processing plants tends to prioritise oxide ores with high cobalt content, whatever the 
copper grade and at times even other impurities content. Some of these ores are purchased from 
artisanal miners, thus the relatively high variability of the leach solution relative to copper, 
manganese, and silica contents. A lower copper input in the leach solution is often associated 
with less operational problems caused by the presence of colloidal silica. Many copper SX 
circuits are now running below design capacity as far as copper input is concerned. With the high 
variability of the leach solution, it is important to adjust hydrodynamic and metallurgical 
parameters of the SX plant to optimise the consumption of extractant and diluent, and the quality 
of the advance copper electrolyte. This paper shows some results on how the SX plant 
parameters have been managed in two SX plants in the DRC running with low copper input. One 
of the two SX plants was designed for a much higher capacity than the upstream and the 
downstream circuits. The second is often running towards the low limit of the required settler 
duties because of the presence of bottom solids affecting the working volumes. 
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10:55 AM - Presentation 595651 
Processing Concentrate Leach Liquors by Solvent Extraction: Flow Distribution 
Considerations 
Thivanka S. Ratnaweera, Freeport McMoRan 
Brandon Wellbrook, Freeport McMoRan 
Tyler McCallum, Solvay 
 
ABSTRACT Leaching of copper (Cu) concentrates produces elevated concentrations of Cu and 
acid, making solvent extraction (SX) processing more challenging. Maintaining extraction 
targets can be more difficult with higher pregnant leach solution (PLS) grades, and variability of 
PLS Cu and acid, can lead to increased chemical iron transfer. Diluting concentrate leach feeds 
with an existing heap leach inventory makes SX processing easier. However, consideration into 
how much to dilute and where to distribute the flow into the SX configuration can have an 
impact on metallurgical performance. Characteristics of a concentrate leach feed are discussed, 
along with considerations for processing by SX. The paper will review pilot plant results of 
concentrate leach distribution into SX and plans for commercial testing. 
 
11:20 AM - Presentation 598185 
Solvent Extraction of Copper Using Microstructured Droplet Generator 
Rohan Sharma, The University of British Columbia 
Ilija Miskovic, The University of British Columbia 
Sanja Miskovic, The University of British Columbia 
 
ABSTRACT Solvent extraction (SX) is a widely used method for the extraction of copper from 
pregnant leach solutions or other ionic solutions in hydrometallurgical applications. About 17% 
of total refined copper production worldwide is produced using SX followed by electrowinning 
(EW). Conventional SX units, such as mixer-settlers, consume a large amount of extractant, offer 
poor process control and yield low extraction efficiency. Extraction efficiency is poor due to low 
specific interface area, crud formation, emulsification, and slow phase separation stage. Micro 
solvent extraction (micro-SX) is a rapidly developing technology that provides an opportunity 
for improved process control, higher extraction efficiency, lower residence time and, as such, has 
a potential to reduce the environmental footprint of SX operation. In this research, extraction of 
copper ions in an acetate buffer media is investigated using D2EHPA with kerosene as a diluent. 
Chemical factors such as extractant concentration and ionic concentration of aqueous phase are 
varied to determine the optimum conditions. Subsequently, the extraction efficiency and reaction 
time of new micro-SX reactors are compared against previous bulk SX studies. Extraction in the 
microfluidic reactor was observed to be faster with a residence time more than an order of 
magnitude lesser than bulk SX. This study forms a prelude for developing new modular micro-
SX units which will enable continuous, effective, and safe operation on a large scale. In future 
studies, numerical and analytical models validated through this work will help eliminate rigorous 
experimentation and enable faster design and fabrication of micro-SX units.  
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11:45 AM - Presentation 581100 
Global Survey of Copper Solvent Extraction: 2018 Operating Data and Practice 
Kathryn C. Sole, Kathryn C. Sole Consulting 
Jacob Johannes Taute, BASF Corporation 
Owen Tinkler, Solvay 
Jacklyn Steeples, Freeport McMoRan 
Gabriel Zarate, RMV Ingehydromet 
 
ABSTRACT Global practice in copper solvent extraction is reviewed, based on individual plant 
operating data for 2018. The survey respondents account for almost 40% of global copper 
cathode production by solvent extraction and electrowinning. Regional trends in operating 
conditions, as related to the prevailing ore mineralogy, leaching processes, and life of mine are 
evaluated. The adoption and expansion of this technology in the African Copperbelt and Asia are 
assessed, together with the associated challenges of specific orebody characteristics. Trends in 
feed and electrolyte compositions and flow rates, and extractant and diluent selection, together 
with their impact on copper recovery are reviewed. The evolution of equipment design and 
associated ancillary processes are discussed, and new projects identified.  
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Heap Leaching II - Chair: Jochen Petersen 
Meeting Room 9 
2:00 PM - Presentation 595449 
Methodology for Cover Stabilization and Installation of Drainage Pipes in a Heap Leach 
Cover 
Gerardo O. Olivares, TESRA S.A. - CHILE 
 
ABSTRACT The subsoil or drainage layer of a pile of heap leaching is a great topic of 
discussion due to the multiple events that continuously degrades leach pile performance and ore 
recovery. The majority of these events are directly related to the loss of the drainage capacity of 
the subsoil structure or cover. The main cause of this problem is the excessive compaction and 
entrapment of fine material that accumulates over time. This produces an uneven flow network 
with very low flow velocities in certain areas which in turn will trap more fine material and over 
time the problem will continue to worsen rapidly at an accelerated rate similar to a geometric 
progression. Currently, once the cover reaches this level of deterioration, the only alternative left 
to continue operating safely and with the expected return is the replacement of the entire cover 
material. TESRA has developed over the last few years a solution based on using giant 
agricultural tractors and a high-performance subsoiler-ripper, with its own patented design for 
deep tillage that loosens and breaks the soil at various depths and with ditch spacings that vary 
between 0.4m and 0.7m. In addition, if the soil still requires additional breaking, TESRA 
introduces the use of a rototiller that breaks the lumps and homogenizes the soil. With the 
subsoiler-ripper / rototiller it is possible to achieve a layer of up to 0.5 m depth similar to the 
original cover with a flow network of adequate permeability. Once the ripping is completed, the 
subsoiler-ripper is replaced by another tool. This new tool which resembles a deep plow will 
allow the installation of the drainage pipes in a very precise and controlled manner. The tool digs 
a trench with a Y type profile so that the drainage pipe is seated precisely at the bottom of the 
trench, receiving additional lateral and lower support and thus extending its life cycle. This tool 
precisely controls the depth of installation of the drainage pipe at different degrees of inclination, 
correcting any irregularity that could cause the obstruction of the flow or even stopping it 
completely. The main achievements with the use of this methodology have been an increase in 
the drainage capacity of the cover, the reduction of the water table in the pile and a reduction of 
the humidity in the waste material. The methodology developed by TESRA applied in a dynamic 
leach pile during a couple of cycles can be a real alternative to remedy and recover the initial 
drainage condition of the pile. The methodology proposed by TESRA uses a large agricultural 
tractor with two non-conventional accessories of unique proprietary design to prepare the soil 
and to better install drainage pipes. The use of this methodology has shown better results, better 
performance, and lower costs compared to the traditional mining machinery such as the 
excavator, the motor grader and backhoes. 
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2:25 PM - Presentation 595754 
Extended Validation of an Expression to Predict ORP: Application to Pregnant Leaching 
Solution Generated During Heap Leaching and Copper Electrowinning Solution 
Jiahao Xu, The University of Texas at El Paso 
Namsoo Kim, The University of Texas at El Paso 
Guikuan Yue, The University of Texas at El Paso 
 
ABSTRACT Iron (ferrous ions and ferric ions) plays an important role in the heap leaching of 
copper sulfide minerals and copper electrowinning. In our previous study, a novel oxidation-
reduction potential (ORP) equation only based on the variables of temperature and nominal 
ferric/ferrous ratio was developed to predict the redox potential of the quaternary H2SO4-
Fe2(SO4)3-FeSO4-H2O system, and its applicability was also extended to more complex acidic 
iron sulfate solutions, especially those generated during the acidic leaching and bioleaching of 
Printed Circuit Boards (PCBs) to recover copper. In this work, the broader range of applicability 
of this equation to other complicated acidic iron solutions containing copper ions has been 
extended and determined. Specifically, synthetic iron-containing solutions according to the 
conditions of industrial electrolyte during copper electrowinning and heap leaching have been 
used to measure the ORP and test the developed equation. It seems that this equation can still be 
employed to predict the redox potential of the Fe3+/Fe2+ couple for the simulated solutions 
under conditions related to copper electrowinning and pregnant leaching solution generated 
during heap leaching over a wide range of solution concentration, nominal Fe3+/Fe2+ ratio and 
temperature. It has shown that the prediction and measurement of redox potential is highly useful 
to estimate and understand the iron chemistry of industrial leaching and electrowinning 
processes. 
 
2:50 PM - Presentation 590996 
Microbial Succession and Regulation During Heap Bioleaching of Copper Sulfides 
Yan Jia, Institute of Process Engineering, Chinese Academy of Sciences 
Renman Ruan, Institute of Process Engineering, Chinese Academy of Sciences 
Qiaoyi Tan, Institute of Process Engineering, Chinese Academy of Sciences 
Heyun Sun, Institute of Process Engineering, Chinese Academy of Sciences 
Li Li, Institute of Process Engineering, Chinese Academy of Sciences 
Xiaopeng Niu, Institute of Process Engineering, Chinese Academy of Sciences 
 
ABSTRACT During bioleaching processes of sulfide minerals, the sulfide minerals act as the 
natural habitats for acidophiles, of which, most are autotrophic iron and sulfur oxidizing 
microbes. These microbes acquire energy by oxidation of sulfide minerals, and play crucial role 
in bioleaching processes. In the industrial bioleaching heaps, microbial community and their 
activity are highly related to engineering configurations, while the optimized industrial operation 
can help to fast dissolution of aim minerals and acid/iron balance under optimized microbial 
condition. Microbial community succession and activity formation, the function of microbes to 
mineral dissolution, the mechanisms to promotion and inhibition of sulfide minerals oxidation, 
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and the industrial instances for microbial community regulation were reviewed. For these 
instances, promoted microbial activity helped to fast pyrite oxidation for sulfuric acid generation, 
which realized zero sulfur acid addition to the irrigation solution in the initiation of a bioleaching 
heaps. High microbial activity by optimized operation parameters improved Cu leaching 
efficiency during the heap bioleaching process. And also by inhibition of microbial activity, 
especially the iron oxidizing microbes, the excessive pyrite oxidation can be inhibited, which 
helped to the acid/iron balance during heap bioleaching.  
 
 
3:15 PM - Presentation 590928 
The Industrial Practice of Biohydrometallurgy in Zijin Copper Mine of China 
H. X. Li, Zijinshan Gold & Copper Mine, Zijin Mining Grpup Co. Limted 
X. J. Guo, Zijin Mining Group CO. Ltd 
J.H Chen, Zijin Mining Grpup Co. Limted 
 
ABSTRACT The biological heap leaching of Zijin copper mine is currently the largest industrial 
application cases of biohydrometallurgy and one of the earliest mines to develop biological 
metallurgy technology in China. Since 2001, through demonstration pilot production of cathode 
copper in different expansion stages, it has developed the current annual output of 20,000 tons 
scale. However the ore grade of heap leaching gradually decline year by year with copper grade 
average at around 0.23% now. The copper mineral is mainly the secondary copper sulfide, and 
symbiosis with pyrite of higher level content, the sulfur and iron contents is about 15 times as 
copper in the ore（S/Cu>15）, so the acid and iron treatment of leachate, extractant and acid 
mine waste water is a great challenge. Combined with located in the rainy area of southern 
China, huge amounts of over 10 million cubic acid drainage need to be treated every year, then 
the recovery of copper from waste water as well as low grade ore is one of the characteristics of 
this process. On the whole, the paper has introduced the running state and operation of heap 
leaching, solvent extraction, striping and electrowinning process in Zijin mine, summarized the 
experience of production and technical practice, and discussed the methods of heap construction, 
leaching rate enhancement, third phase formed and treatment, electrodeposition efficiency 
improvement and acid fog prevention, mine effluent treatment, resource recovery and heap slope 
reclamation. 
 
Equipment Design in Hydrometallurgy - Chair: Cinziana 
Sist 
Meeting Room 8/15 
2:00 PM - Presentation 593090 
Materials for Design and Construction of Hydrometallurgical Equipment 
Kevin R. Lambrych, Ashland 
Joy Bennett, Ashland Corrosion Science Center 
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ABSTRACT Hydrometallurgical equipment used to extract and refine copper and other metals 
is exposed to extremely corrosive chemical environments. These systems must be fabricated 
from materials that are durable against corrosion, meet exacting mechanical requirements, and 
perform economically over the life of the mineral processing plant. In several recent large 
hydromet projects, fiber reinforced plastic (FRP) has been shown to provide equal if not superior 
durability relative to alternative materials of construction. This paper will compare corrosion 
performance and cost of plant equipment fabricated with corrosion resistant alloys, rubber lined 
steel, and FRP made with Epoxy Vinyl Ester thermoset resins. Case histories for FRP piping, 
storage tanks, extraction vessels, and electrowinning cells combined with laboratory-based 
corrosion studies will be reviewed to demonstrate how FRP materials are selected for 
hydrometallurgical equipment. Specific examples from projects such as El Boleo, Long Harbour 
and others will be used to demonstrate how the versatility of FRP allows for remote fabrication 
of durable corrosion-resistant large-scale equipment for hydrometallurgical refinement of copper 
and other metals.  
 
2:25 PM - Presentation 598117 
Maximizing Performance of FRP Equipment in Copper Extraction and Lessons Learned 
Jeffrey D. Eisenman, Maverick Applied Science, Inc. 
 
ABSTRACT The corrosion resistant attributes of Fiberglass Reinforced Plastics (FRP) have 
offered reliable and cost effective solutions as a material of construction for equipment in copper 
extraction processes. As with most projects, success cannot be assumed and is not by chance. A 
well thought out and executed plan is required to assure success. Although FRP is a proven 
material for the solvent extraction processes of copper production, performance of FRP 
equipment has not always been consistent and at no fault of the material. Its nonmetal attributes 
and behavior vary for those of more typical materials of construction, such as steel. FRP is a 
mainstay materials in many areas of solvent extraction and electrowinning and yet not well 
understood by all. 
We will discuss the critical concerns, which are key to reliable performance of FRP systems. 
This presentation will include discussion of elements which are fundamental to reliable FRP 
piping design and considered best practices. Essential design and construction considerations to 
maximize reliable service life of FRP equipment, such as thickeners and process vessels, used in 
copper extraction and processing, will be discussed. Additionally, we will expose potential 
pitfalls and share lessons learned from previous copper processing plant projects, which can aid 
and impact other copper processing projects to ensure best system performance and reliability. 
 
2:50 PM - Presentation 582081 
An Undergraduate Hydrometallurgy Laboratory Emphasizing Engineering Design 
Eduard Guerra, Laurentian University 
Jacob Schmidt, Laurentian University 
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ABSTRACT The development of set of laboratory experiments, intended to help undergraduate 
students meet Canadian Engineering Accreditation Board requirements for Engineering Design 
outcomes, is described. The laboratory, which is part of a third year level course in 
hydrometallurgy, is aimed at advancing the ability of students to generate and use experimental 
results to design an industrial copper leach/SX/EW plant. Emphasis is placed on the students 
demonstrating the ability to use of their engineering knowledge in weighing the pros and cons of 
the various process options that they test in converging to a final flowsheet.  
 
3:15 PM - Presentation 594099 
How Lewatit® Ion Exchange Resins Can Add Value to Solvent Exchange Circuits 
Dirk Steinhilber, Lanxess Deutschland GmbH 
Stefan Neufeind, Lanxess Deutschland GmbH 
Georgi Savov, Iontech Engineering Ltd 
Tedor Angelov, Iontech Engineering Ltd. 
Al Tsekov, Iontech Engineering Ltd 
 
ABSTRACT A complementary ion exchange/solvent extraction process for the recovery of 
copper from low-grade ores is described. It has successfully been implemented on a full-scale 
plant level at the Buchim Copper Mine in Macedonia, yielding a maximum copper cathode 
production of 2400 tons per year. Compared with conventional SX/EW operations, this 
technology makes the exploitation of low-grade copper ores economically attractive, due to 
reduced operational and capital expenditures. Furthermore, the additional Lewatit® ion-
exchange installations diminish the volumes of harmful organic substances in the following SX 
step and minimise the risks associated with the handling and usage of these chemicals, such as 
environmental pollution or fires. Finally, the reduced quantities of liquids for the SX operation 
have a tremendous effect on the footprint of the plant (ca. 50% less) thereby leading to a 
reduction of capital expenditures. 
 
Leaching - Chair: Brent Hiskey 
Meeting Room 9 
4:05 PM - Presentation 595535 
Arsenic Extraction from Dusts Produced in a Copper Concentrate Roasting Plant by 
Alkaline Leaching 
Fernando Parada Luna, University of Concepcion 
Fernando Parada Torres, Consultant 
Andres Reghezza, University of Concepcion 
Igor A. Wilkomirsky, University of Concepcion 
Javiera Salvo, Codelco Division Ministro Hales 
 
ABSTRACT In the pyrometallurgical processes of copper concentrates, arsenic is preferentially 
concentrated in the dusts carried by the gases as a result of their volatility and subsequent 
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condensation in the gas cleaning train. In this work results obtained by alkaline leaching of the 
dusts from Ministro Hales roasting plant, belonging to Codelco, are presented. For the Ministro 
Hales plant the alkaline leaching would be an alternative to the recirculation of dusts to the 
roasting furnace. The experimental study considered NaOH and NaOH plus NaHS leaching of 
two samples of dusts, with 4.24 and 2.55% arsenic respectively. The results show that it is 
feasible to extract 90% of the arsenic and 50% of the antimony at room temperature using only 
NaOH, and when the temperature increases to 95ºC, the extractions of As and Sb increase. 
Copper remains in the solid residue with less than 1% dissolution, and the NaOH net 
consumption was approximately 140 kg/t of dust. In leaching tests with NaOH + NaHS, two 
types of methods were tested, baking plus leaching with water and direct leaching with a 
NaOH+NaHS solution. With the second method arsenic extraction increased to 95% and copper 
dissolution was less than 0.01% at 85ºC, NaOH 100 g/L, NaHS 90 g/L, 1.5 h and L/S ratio of 5/1 
(L/kg). The bismuth remains stable in the solid in all cases. 
 
4:30 PM - Presentation 594211 
Effect of Curing Time on Copper Leaching from Chalcopyrite 
Víctor A. Quezada, Universidad Católica del Norte/ Universitat de Barcelona 
Antoni Roca, Universitat de Barcelona 
Oscar Benavente, University Católica del Norte 
Montserrat Cruells, Universitat de Barcelona 
 
ABSTRACT The leaching pretreatment of copper ores is widely used in the Chilean mining 
industry. Agglomeration and acid curing have been identified as the most useful pretreatments. 
Of these, acid curing was recognized as beneficial in the dissolution of copper minerals, even in 
sulphides such as chalcopyrite. Extensive acid curing times have an impact on copper extraction, 
generate a homogeneous acid distribution in the mineral bed and benefit the inhibition of 
aluminum-silicate minerals (acid consumers). This document describes some of the theoretical 
background and results regarding the effect of acid curing in a chalcopyrite sample with 74% 
purity according to Qemscan analysis and a 28.5% of total copper. Leaching tests are carried out 
at 25, 50 and 70°C, evaluating the effect of a pretreatment on the chalcopyrite dissolution. The 
original sample and products generated were characterized by X-ray diffraction analysis and 
Scanning Electron Microscopy (SEM). The performed experiments indicate a direct relation 
between the effect of curing time and temperature in copper extraction. 92% of copper can be 
extracted in a leaching at 70°C and with 15 days of curing. Elemental sulfur, jarosite and copper 
polysulfide (CuS2) have been detected in leaching products. 
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4:55 PM - Presentation 591168 
Leaching of Copper Flash Furnace Dusts with Weak Acid Bleed and Arsenic Precipitation 
as Scorodite and Arsenical Jarosite 
Antoni Roca, Universitat de Barcelona 
Guillermo Ríos, Atlantic Copper 
Irene Ruíz, Atlantic Copper 
Montserrat Cruells, Universitat de Barcelona 
 
ABSTRACT Flash Smelting Furnace (FSF) hot dust-laden is first cooled in a waste heat boiler 
(WHB) and then dedusted in electrostatic precipitators (ESP’s) before being treated, together 
with the Peirce Smith Converters offgases, in the sulfuric acid plants for sulfur dioxide removal. 
FSF dust is sulfated by sulfur dioxide and oxygen in the WHB. Typically,70% of the dust 
coming from the FSF drops in the WHB while the remainder is caught in the ESPs. The collected 
dust is recycled to the FSF for Cu recovery. Some smelters have developed hydrometallurgical 
treatments to recover Cu from the dust so that impurities, such as As and Bi, are bled as leach 
plant residues. This paper presents the results of a the study, on a laboratory scale, of leaching 
the FSF dust generated in Atlantic Copper Smelter using the week acid bleed generated in the 
gas scrubbing/cooling section (GSCS) of the sulfuric acid plants. Leaching was developed in 
one-step with 0.5 mol per liter sulfuric acid concentration, 60ºC, and a solid/liquid ratio 1/3. 
After leaching, hydrogen peroxide was used for arsenic and iron oxidation, and pH was adjusted 
for precipitation of arsenic and iron as a stabilized scorodite or a mixture of scorodite and 
arsenical jarosite, depending on the experimental conditions used. The precipitation process was 
carried out at atmospheric pressure at 95ºC during 3-6 h. Liquids generated after precipitation are 
suitable for subsequent treatments of copper recovery by electrolysis. 
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Hydrometallurgy III - Chair: William Hawker 
Meeting Room 8/15 
4:05 PM - Presentation 553398 
Selective Dissolution of Radionuclides from a Copper Folotation Concentrate Using Two-
Stage Hydrometallurgical Leach Process 
Weng Fu, The University of Queensland 
Stefan Lakemond, The University of Queensland 
James Vaughan, The University of Queensland 
 
ABSTRACT Uranium bearing copper sulphide flotation concentrates produced from iron oxide 
copper gold uranium (IOCG–U) ore usually contain radionuclides such as 238U, 230Th, 210Pb, 
226Ra, 210Po, which have the potential to reduce their marketability, thus posing a challenge to 
the industry. Thus, two–stage leach process has been proposed in this study. In first stage, a 
sulphuric acid leach process effectively dissolve most of the 238U and 230Th into solution, but 
other radionulclides (mainly 210Pb, 226Ra and 210Po) remain associated with copper sulphide 
minerals owing to their low solubilities in sulphuric acid solution. The second stage of leach 
investigates the use of methanesulfonic acid (MSA, CH3SO3H) to selectively dissolve the 
210Pb, 226Ra and 210Po from sulphuric acid leaching residue. The total results indicate that 
96.4% of 238U, 87.4% of 230Th, 90.3% of 210Pb, 86.4% of 226Ra and 17.4% of 210Po ae 
dissolved by 3 mol/L MSA solution at 90°C for 3 hours, which make the copper sulphide 
product much cleaner.  
 
4:30 PM - Presentation 591147 
Options and Challenges in Processing Cobalt from Copper-Cobalt Ores 
Frank K. Crundwell, CM Solutions 
Ben Knights, CM Solutions 
Nicholas du Preez, CM Solutions 
 
ABSTRACT The last ten years has seen a dramatic switch in the source of supply of cobalt. 
Cobalt was primarily produced as a co-metal in the recovery of nickel. However, the source of 
cobalt as co-metal in the production of copper from the African Copperbelt lay dormant while 
the economies of this region were weak. The recovery of the economy of the Democratic 
Republic of Congo has allowed the rapid increase in production of copper from this region, while 
the increased price of cobalt continues to support the recovery of that country’s economy. With 
this change in source of supply has come a variety of technical challenges in optimizing the 
recovery of cobalt from these sources. In this paper, we first discuss the current flowsheets for 
the hydrometallurgical production of cobalt from the ores of the DRC and Zambia, highlighting 
the technological improvements that have been made. Following this description of current 
practice, we assess the challenges of further improving the recovery and purity of cobalt from 
these sources.  
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4:55 PM - Presentation 595743 
Enhanced Leaching of Chalcopyrite in Ferric Sulfate Media by the Presence of 
Iodide/iodine 
Ronny Winarko, University of British Columbia 
David Dreisinger, The University of British Columbia 
Akira Miura, JX Nippon Mining & Metals Corporation 
Wenying Liu, UBC 
 
ABSTRACT Chalcopyrite leaching in acidic ferric sulfate media at ambient temperature 
exhibits slow kinetics and poor leaching efficiency, which is typically attributed to surface 
passivation. Recently, the presence of small amounts of iodide in the leaching media has been 
reported to significantly accelerate chalcopyrite dissolution. To further explore the behavior of 
chalcopyrite leaching in the presence of iodide, it is essential to determine the factors that control 
the leaching kinetics. In this study, we investigated the effect of initial solution potential, iodide 
concentration, particle size, and temperature on the kinetics of copper extraction from 
chalcopyrite. The key in the experimental setup was to minimize iodide loss by iodine 
evaporation and precipitation as cuprous iodide. The former was achieved by performing the 
leaching tests in fully sealed leaching systems. The latter was achieved by maintaining the 
solution potential higher than 420 mV (versus Ag/AgCl electrode), where the formation of CuI 
precipitate is possible. The experimental results show that higher solution potential and higher 
iodide concentration had a pronounced positive effect on the rate of chalcopyrite dissolution. 
There was no effect associated with particle size, which might be due to the narrow size range 
tested. The positive effect of increasing temperature only manifested itself when the solution 
potential was sufficiently high. 
 
Copper 2019: Mineral Processing 
Mineral Processing 7 
Meeting Room 19 
8:00 AM - Presentation 590511 
Reagent Optimization for Improved Selectivity of Floating Copper Minerals Against Pyrite 
Alice Shi, Bureau Veritas Minerals 
Jinxing Ji, Eldorado Gold Corporation 
Boja Grcic, Bureau Veritas Minerals 
 
ABSTRACT Floating copper minerals selectively against iron minerals such as pyrite has been 
challenging for most copper and copper/gold deposits, and many operations continuously strive 
to maximise copper recovery whilst meeting target concentrate grades. Maximising grade is 
achieved by selectively floating copper minerals and rejecting pyrite. This challenge is to 
minimise copper and gold losses in the roughers if this approach is used. A flotation testing 
program was conducted by Bureau Veritas Minerals on a high-level pyrite bearing copper/gold 
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ore sample to establish the potential to reject pyrite in the rougher stage, but also maximise 
copper and gold recoveries, and ultimately final product grades. The test program included feed 
characterization, rougher and open-circuit cleaner flotation as well as locked cycle flotation tests. 
The main variables tested for achieving selective flotation of copper and gold were collector type 
and pH control, through lime addition. Grind sizes used in the rougher and cleaner tests had been 
established from previous test work. The collectors tested were SIPX, Aerophine® 3418A, 
Aerophine® 3421, Aerophine® 3422, Reagent S-11192 Promoter, Reagent S-11193 Promoter 
and FloMin C4150. The two best performing collectors were then tested in open-circuit cleaner 
tests, with the optimum conditions examined further in locked cycle tests. 
 
8:25 AM - Presentation 595614 
Nitrogen-Based Collectors for Sulfide Flotation – Tecflote™ 
Peter Zhou, Nouryon 
Andrew Lewis, Nouryon 
Henrik Nordberg, Nouryon 
Mikael Widell, Nouryon 
Magnus Svensson, Nouryon 
Alireza Movahedi, Nouryon 
Wan WangGeissler, Nouryon 
Joseph Zachwieja, Nouryon 
 
ABSTRACT Flotation collectors for sulfide flotation has been traditionally based on xanthate, 
thiophosphate and thiocarbamate etc., all derived from sulfur chemistry. In the last decades as 
the ore grades have decreased there has been the need to ddres the more difficult-to-process 
deposits, as a result of this there has been an increased interest in finding different collectors. 
Tecflote™ is a new family of patented collectors based on nitrile chemistry which can 
supplement or replace thiol collectors, depending on the ore types. A steep grade-recovery curve, 
typical of Tecflote™ collectors, was observed when using Tecflote™ as the main collector for 
the rougher and cleaner steps allowing a better recovery compared to current thiol collectors 
while maintaining the desired grade. Examples of laboratory flotation with Tecflote™ collectors 
will be articulated to demonstrate the improved grade and recovery of metal sulfides in cleaning 
steps. Additional recovery increase has also been observed by the addition of scavenger step 
using Tecflote™ collector in combination with current thiol-based collector. The selectivity seen 
in the lab is transferred to full scale trial and is clearly seen in the rough flotation where the 
increase in the rough concentrate grade of 5% after dosing Tecflote S11 directly into the tank 
cell. The mechanisms for Tecflote’s selectivity towards sulfides are currently under investigation 
and will be discussed. Results of TOF-SIMS analysis will be presented, demonstrating the 
collector’s selective affinity to different mineral surfaces in flotation.  
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8:50 AM - Presentation 587409 
Study of the Surface Interaction Between Copper Sulfide Minerals and Nahs as Flotation 
Activator 
Hidekazu Matsuoka, Nittetsu Mining Co., Ltd. 
 
ABSTRACT Copper sulfide minerals such as chalcocite, bornite, and chalcopyrite exhibit high 
floatability, thus they can be recovered as a froth product by adding only a collector in flotation 
process. However, when their surface is oxidized, the floatability decreases and the simple 
addition of collectors is no longer effective. In this case, flotation activators are required to 
improve the floatability. Sodium hydrosulfide (NaHS) acts as an activator for chalcocite and 
bornite by re-sulfurizing their oxidized surface portions. Nevertheless, the flotation conditions 
still require optimization in order to achieve a satisfactory recovery of copper minerals. This 
work addresses the study of the effect of pH and NaHS dosage on the flotation of a complex 
Chilean copper ore containing chalcocite, bornite, and chalcopyrite. Flotation experiments were 
conducted using a Denver-type flotation cell and by investigating the effect of two NaHS 
dosages (50, 100 g/t) and three pH values (8, 9, 10). Following this process, the surface 
interaction between the minerals and NaHS were analyzed using zeta potential measurements. 
 
9:15 AM - Presentation 593963 
Orfom® D8: A Viable Replacement for NaHS as a Depressant in the Chalcopyrite-
Molybdenite Flotation System 
Simon Timbillah, Montana Tech 
Richard LaDouceur, Montana Technological University 
Avimanyu Das, Montana Tech 
Courtney A. Young, Metallurgical Engineering / Montana Technological University 
 
ABSTRACT A low carbon-chain trithiocarbonate ((NaOOC)CH2SCSSNa), known as Orfom® 
D8, was tested as an organic depressant in the differential flotation separation of chalcopyrite 
and molybdenite in the presence of sodium isopropyl xanthate (SIPX) or potassium ethyl 
xanthate (KEX). Flotation studies show that Orfom® D8 depressed chalcopyrite while 
molybdenite remained floatable. A study of the mechanism of adsorption indicated that Orfom® 
D8 adsorbs on chalcopyrite through its trithiol (CS3-) functional group via both chemisorption 
and Orfom® D8-metal complexation. The Orfom® D8 depressant is selective and does not form 
any Orfom® D8-molybdenite bonds. Thus, the combination of the depressant in the presence of 
either collectors depressed the chalcopyrite and floated the molybdenite. Fundamental 
parameters of the Orfom® D8 including pKa determination as well as possible decomposition 
products of the depressant are reported. This study includes an economic case illustrating why 
using Orfom® D8 can be beneficial. 
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Mineral Processing 8 
Meeting Room 19 
10:05 AM - Presentation 600959 
An Integrated Approach for Characterization, Selection, and Development of Tailored 
Frother Formulations 
Esau Arinaitwe, Solvay 
 
ABSTRACT The most extensively used methods and approaches for characterizing and 
selecting frothers for plant application are based on measurements in clean water in the absence 
of solids and without consideration of physicochemical factors that are known to influence the 
properties and behavior of practical flotation froths, and hence metallurgical performance. These 
factors include aquatic chemistry, collectors, modifiers, particle shape and size, and pH. 
Understanding interactions between these factors and the role and relevance that they play in 
characterizing frothers and froth zone properties will greatly aid in the frother selection and 
evaluation process. This knowledge will also greatly enhance our ability to create frother 
solutions that are sufficiently robust to plant variability (such as mineralogical, comminution, 
operational, physical and chemical factors). In this paper, we report results of a “systems 
approach” study designed to probe ways in which physicochemical factors a) influence frothing 
and bubble size in 2- and 3-phase systems and b) confound correlation of fundamental 
measurements with flotation outcome. The concepts and insights gleaned from fundamental 
frother studies, together with empirical laboratory flotation tests and a thorough understanding of 
plant needs and challenges, were used to develop and implement customized frother 
formulations at two Cu-Mo flotation plants. Plant metallurgical data and qualitative assessment 
of froth zone properties showed that frother formulations developed using our approach provided 
marked improvements in froth characteristics (i.e., mineralization, mobility, stability, and 
persistence). These improvements resulted in better circuit control and significant performance 
advantages, such as improved coarse and fine particle recovery, without detrimental downstream 
effects.  
 
10:30 AM - Presentation 594915 
Flotation of a Porphyry Copper Ore with Cellulose-Surfactant Mixtures as Frother Agents 
Ted Nuorivaara, Aalto University 
Rodrigo Serna-Guerrero, Aalto University 
 
ABSTRACT The use of polymer-surfactant mixtures as foam stabilization agents is a topic that 
has drawn the attention of several fields but has so far not be thoroughly studied in the context of 
mineral froth flotation. The present work showcases a study on the impact on flotation 
performance of cellulose surfactant derivatives and their mixtures with commercial frothers. 
Bubble size and foam property measurements were run in a two-phase system along with 
laboratory-scale flotation experiments conducted using a porphyry copper ore from a mine in 
Finland. A comparative analysis on recovery, grade and flotation kinetics is presented on the 
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products obtained using: i) a partially hydroxylated cellulose derivative (i.e. hydroxypropyl 
methyl cellulose; HPMC), ii) a commercial polyglycol-ester frother (Nasfroth240; NF240), and 
iii) mixtures of these two.  
 
The results show that using frothers with a total concentration of 30 ppm, the HPMC-NF240 
mixtures provide advantages in terms of Cu recovery, (i.e., up to 95%), compared to the use of 
either NF240 (ca. 76%) or HPMC alone (ca. 1%). Interestingly, only a small proportion of 
HPMC mixed with NF240 was sufficient to produce a measurable increase in recovery. This 
improved performance was attributed to a synergistic effect of the polymer-surfactant mixture 
which further reduced the bubble sizes in a two-phase system compared to that of NF240. The 
present work offers a further step into understanding the phenomena taking place when a short 
chained surfactant is either substituted or mixed with a cellulose derivative, offering potential 
ways of exploiting this behavior for the enrichment of minerals.  
 
10:55 AM - Presentation 594195 
Surface Interactions Between Biopolymers as Bioflocculants and Clay Minerals in Mining 
Tailings 
Nahid Molaei, University of Toronto 
Erin R. Bobicki, University of Toronto 
 
ABSTRACT The continued demand for mineral products, coupled with the depletion of high-
grade ore resources, has led to the mining of lower grade ores, which often require fine grinding 
to achieve mineral liberation. Regrinding of low-grade ores results in the production of fine 
gangue mineral solids and produces vast quantities of fluid fine tailings which are difficult to 
separate from water, particularly if they are composed of clay minerals. Organic synthetic 
polymers and inorganic salts have been widely applied in flocculation of colloidal suspensions in 
the treatment of mining tailings. However, there are growing concerns regarding their impact on 
the environment and human health. Recently, extracellular biopolymer flocculants or 
bioflocculants have attracted much attention as alternative reagents. In this study, much effort 
has been devoted to considering the effectiveness of protein and polysaccharide-based 
biopolymers for the dewatering of clay slurries. The interaction between kaolinite and illite clays 
and biopolymers was investigated via settling tests at pH 7 and 10. Zeta potential measurements 
were also conducted as a complementary technique. Results showed that protamine and 
lysozyme protein-based biopolymers were generally the more effective bioflocculants. Pectin, a 
polysaccharide-based biopolymer, showed a dispersing effect and has the potential to be used as 
a dispersant and/or depressant for clay minerals in froth flotation.  
 
11:20 AM - Presentation 595371 
tph/m3. an Alternative Approach to High Density and Paste Thickener Design 
David N. Minson, MinTecProcess Consulting & Management Ltd 
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ABSTRACT On many occasions, operators have seen that High Density and Paste thickener 
performance does not meet the initial design expectations, and the installed equipment produces 
lower than expected thickener underflow solids content. This lower-density tailings slurry leads 
to more water and lower beaching angles being seen at the tailings storage facility (TSF). This 
not only reduces storage capacity, but also increases the risks of non-compliance with 
environmental permit constraints. Reasons for the shortfall in performance can be many, but 
perhaps the main problem arises from inadequate understanding of the critical components of 
thickener design and operation, with too much reliance placed on standardised design 
terminology; such as tph/m2.  
 
This paper discusses additional factors that also influence high-density thickener operation and 
how compacted slurries become diluted prior to underflow discharge. Data, from two pilot 
programmes, helps define “Dynamic Slurry Fluidity”, “Bed Compaction Rates”, “Natural Slump 
Angles” as a function of yield stress/viscosity arising from these dense slurries. Examples are 
also presented on how these design parameters were used to model thickener geometry, drive 
torque, floor slope(s), rake capacity profiles for a specific project.  
 
These additional parameters allow greater insight into the design of, what is becoming, a critical 
and high capital cost component of any project, and provide engineers with more tools and 
confidence in High Density thickener design and selection. 
 
Mineral Processing 9 
Meeting Room 19 
2:00 PM - Presentation 600848 
The Real Cost of Material Handling Issues 
Carrie Hartford, Jenike & Johanson Inc. 
Tracy Holmes, Jenike & Johanson Ltd. 
 
ABSTRACT Investigations reveal that the throughput difference between a perfect production 
day and the average is often in the order of 40%, and that bulk solids handling system 
deficiencies are the largest (>50%) class of lost opportunity. Root causes for underperformance 
of elements in material handling systems can often be traced back to the detailed design and even 
study-stage oversights. To reduce or eliminate bulk solids handling problems in an existing 
system requires an analysis of troublesome handling equipment – for example, a transfer chute 
that experiences plugging, poor flow to the furnace, unacceptable dust generation, and product 
spillage. These problems often lead to significant maintenance costs related to downtime and 
personnel time. There are also health and safety ramifications if operators and maintenance 
personnel are put at risk to try and reinitiate flow. Understanding the cause – and the cost – of the 
flow issues is the first step in troubleshooting the problem. Next, measuring the material’s flow 
properties is critical to provide design data required to develop a comprehensive scientific 
solution. In the case of a new installation, the design data is required to properly design the 
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system right first time and prevent flow problems from occurring so that the new equipment 
works correctly from start-up. This paper discusses the best approach to evaluate material 
handling system deficiencies and develop an approach to solve those problems.  
 
2:25 PM - Presentation 596753 
Solids Sampling at Australian Iron Ore Mine Sites 
Jimmy Zhang, Consep 
Alex Vo, Consep 
 
ABSTRACT Australia is one of the world’s leading exporters of bulk commodities and the 
extensive use of sampling equipment is key to the successful management of each mining 
operation. At the process plant, without a full understanding of the feed, product and tails, it is 
impossible to fully optimise the performance of the plant, such that the metallurgical balance is 
often open to error. At the port, a statistically correct, bias free and compliant sampling system is 
crucial to ensuring exported minerals are reflective of their true value and to avoid penalties. 
Over the last decade, as a result of the iron ore boom, there has been high demand for reliable, 
representative and standard compliant solids sample systems in Australia. This paper reviews 
several solids sampling applications at Australian mine sites, the challenges and experience 
gained and how the implementation of reliable representative sampling systems has provided 
better understanding of plant process performance, improved plant control and overall benefits to 
the operations.  
 
2:50 PM - Presentation 599011 
Physical and Mineralogical Impact of Copper Concentrate on Transportable Moisture 
Limit (TML) 
Masoud Garshasb, Freeport - McMoRan 
 
ABSTRACT Transportable Moisture Limit (TML), is the copper concentrate moisture content 
beyond which liquefaction may occur during shipping. The study indicates that TML is a 
function of mineralogical characteristics of concentrate, which in turn may directly affect 
moisture retention properties. A comprehensive mineralogical and chemical analysis was 
conducted to determine the impact of composition and mineral content on concentrate’s TML. 
The analysis indicates that the high TML value is associated with particular minerals such as 
gypsum, swelling clay, and pyrite. Since higher TML values allow high moisture content for 
shipping, therefore such property is desirable for concentrate inventory management and 
shipping flexibility. The clay type minerals such as Muscovite, Biotite, and Swelling Clay are 
partially responsible for elevating TML levels. Lack of minerals that increase TML contributes 
to limitations of shippable inventory. Pyrite contribution is of particular interest because it affects 
sulfate content, which may elevate TML. Mineral structural characteristics that contribute to 
TML and moisture retention have been discussed.  
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3:15 PM - Presentation 597614 
Nuevaunión - Applying Capital and Infrastructure Synergies to Support Development of 
the Relincho and La Fortuna Deposits 
Walter Bergholz, NuevaUnion 
Peter J. Lind, Newmont Goldcorp 
Cassandra Spence, Teck Resources Ltd. 
Claudia Velasquez, NuevaUnion 
 
ABSTRACT NuevaUnión SpA (NuevaUnión) is a development project located in the Huasco 
province of the Atacama region of Chile. It is held in a joint venture company owned 50:50 by 
Teck Resources Limited (Teck) and Newmont Goldcorp. It includes the Cu-Mo Relincho deposit 
and the Cu-Au La Fortuna deposit plans to utilise a single concentrator to be built at the Relincho 
site. The Relincho site is at an altitude of 2000 masl and is 40 km from the La Fortuna site which 
is at an altitude of 4100 masl. Phased operation is envisaged with an initial period of Relincho 
ore being processed at 104 ktpd for 3 years, followed by 15 years of processing ore from La 
Fortuna at 116 ktpd. The third and final phase will include a doubling of the main processing 
lines and a return to Relincho ore, with a processing rate of 208 ktpd. The NuevaUnión 
concentrator will incorporate comminution and flotation circuits that are being designed to 
maximize the overall economic value of the combined ore deposits. Major ore characteristics 
differ between the two ore bodies, such as ore competency, grindability, liberation grind size, 
pulp rheology, tailings properties, minerals and metals of value, as well as gangue mineralogy. 
Mineral processing choices have been made to optimise value from each deposit and the 
combined project. 
 
Copper 2019: Process Control, Optimization, & 
Instrumentation 
Online Sensing and Analyzing - Chair TBD 
Meeting Room 17 
8:00 AM - Presentation 595585 
Hyperspectral Remote Sensing Characterization of Mine Materials for Process Control 
Isabel F. Barton, University of Arizona Dept. of Mining and Geological Engineering 
Matthew Gabriel, University of Arizona Dept. of Geosciences 
Mark D. Barton, University of Arizona Dept. of Geosciences 
 
ABSTRACT Process control, mine-to-mill optimization, and other mining operations depend on 
having robust, comprehensive mineralogical and chemical characterization. However, current 
characterization methods rely primarily on analyzing samples from trenches, channels, blast 
holes, and drill holes and interpolating between them. Continuous characterization is possible 
with techniques such as hyperspectral remote sensing, which measures reflectance or absorption 
of light in the visible to near infrared (VNIR) and short-wave infrared (SWIR) regions of the 
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electromagnetic spectrum. Absorption and reflectance features are characteristic of different 
chemical bond types, so each spectrum corresponds to a different mineral or material. In remote 
sensing, each pixel in the scanned area has both a location and a spectrum. This makes 
hyperspectral remote sensing potentially useful for characterizing mine site materials.  
 
In this study, we tested a hyperspectral remote sensing system as a method of characterizing the 
mineralogy and material types at mine and metallurgical sites. Our test site was a small open-pit 
mine and leach copper operation in the southwestern U.S. We scanned mine highwalls, dump 
piles, leach pads, and nearby rock outcrops with drone- and tripod-mounted VNIR-SWIR 
spectrometers. We collected ground-truth data through geologic mapping, sampling, and spot 
analyses with a portable short-wave SWIR instrument.  
 
The results show that hyperspectral remote sensing system that we tested is capable of 
distinguishing the types and distribution of spectrally active minerals and other materials in 
diverse mining settings, including showing wet and dry areas of leach pads; clay and carbonate 
type and distribution on mine highwalls, leach pads, and rock outcrops; plant type and 
distribution; fault zones, bedding planes, and other geological features; and qualitative spectral 
matches between dump piles and areas of the mine highwalls. Hyperspectral sensing proved 
particularly sensitive to the presence and type of clay and carbonate minerals, which cause 
geotechnical and metallurgical problems such as highwall failure, gangue acid consumption, and 
flotation sliming. Examples will be presented and discussed at the conference.  
 
Areas of continuing research include automating and streamlining the data reduction process, 
integrating hyperspectral data with block modeling and mine planning software, and testing the 
hyperspectral technique in different geological environments.  
 
8:50 AM - Presentation 594127 
Innovative Technology Provides for On-Line Measurement of Particle Size in Individual 
Cyclones 
Dylan Cirulis, Cidra Minerals Processing 
Joseph Poplawski, CiDRA Minerals Processing Inc. 
 
ABSTRACT In minerals processing plants cyclones typically perform the classification duty 
prior to the downstream recovery process. The particle size distribution of the cyclone overflow 
is an important parameter and can be viewed as the product of the comminution process. Too 
coarse of a product will likely have poorly liberated valuable minerals and make recovery 
difficult. Too fine of a product may represent a missed opportunity to increase plant throughput 
and/or also result in low recovery due to poor kinetics. 
Although “near-line” particle size measurement instrumentation has been utilized for several 
decades and is commonly installed in most modern concentrators, its availability and low 
measurement frequency have typically been inadequate for reliable use in automatic control. 
CiDRA Minerals Processing Inc. has developed an innovative, unique and reliable technology 
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that provides a highly reliable and low maintenance system for on-line measurement of the 
particle size in the overflow of individual cyclones. The system is based around a wetted sensor 
design with no moving parts and provides a real-time trend of the desired target grind size 
parameter. The system does not require sampling and associated sample transfer piping that is 
prone to plugging, thus avoiding high maintenance requirements. 
The CYCLONEtrac Particle Size Tracking (PST) system has been commercially operating in 
premier mining companies around the world. Plant data and benefits realized from the latest 
installations of the CYCLONEtrac PST will be presented. 
 
9:15 AM - Presentation 598094 
Improving Analytical Assessment in Copper Industry Based on Laser-induced Breakdown 
Spectroscopy (LIBS) and UV-Vis-IR Hyperspectral Sensing 
Jorge Yáñez, Universidad de Concepción, Chile 
Claudio Sandoval, Universidad de Concepción, Chile 
Jonnathan Alvarez, Universidad de Concepción, Chile 
Rodrigo Fuentes, Universidad de Concepción, Chile 
Roberto Parra, University of Concepcion 
Daniel Sbarbaro, Universidad de Concepción, Chile 
Rosario Castillo, Universidad de Concepción, Chile 
Sergio NEFTALI. Torres, Universidad de Concepcion 
Ashwin Kumar Myakalwar, Universidad de Concepción, Chile 
Eduardo Balladares, Universidad de Concepción, Chile 
 
ABSTRACT The elemental and molecular characterization of copper ores by means of 
conventional analytical methodologies is tedious, time consuming, need skilled work force and 
involve lot of wet chemistry in the copper Industry. The present work aims to improve analytical 
assessment capability of copper related minerals and ores utilizing some portion of 
electromagnetic radiation viz., a UV laser at 266nm for laser induced breakdown spectroscopy 
and UV-Vis-IR for Hyperspectral sensing. 
LIBS is a plasma based spectroscopic method where the sample surface irradiated by high 
energy laser with power in the scales of giga watts/cm2. The light emitted from the plasma 
contains atomic -molecular spectral information and can be detected using a simple CCD based 
spectrometer. LIBS offers several advantages particularly in the scope of copper mineral based 
applications: it can be operated at a distance and with the aid of sophisticated advanced 
chemometric techniques elemental and mineralogical distribution can be obtained. Chemometric 
techniques such as Principal Component Analysis (PCA),Soft Independent Modelling of Class 
Analogy (SIMCA), Partial Least Square Discriminant Analysis (PLSDA), Support Vector 
Machine (SVM) and Artificial Neural Network (ANN) are used for improving detection 
capabilities and avoiding interferences. 
UV-Vis-IR Hyperspectral sensing or Diffuse Reflectance Spectroscopy (DRS) is produced by 
the reflection of light from the sample’s rough surface in all directions and it can be collected by 
using an ellipsoid or paraboloid mirror arrangement. The electromagnetic radiation in the UV-
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Vis, NIR and MIR region can be used for molecular characterization. The spectrometer splits 
different wavelengths through a CCD arrangement in 2D spatial and spectral dimensions, thus a 
hyperspectral cube of data is generated. This technique provides an alternative procedure for 
characterization of mineral products in real time. The advanced chemometrics like PCA, PLS, 
SVM and ANN is applied for the analysis of Hyperspectral data and for the classification of 
mineral species in copper ores. 
 
Flash Smelting Monitoring - Chair TBD 
Meeting Room 17 
10:05 AM - Presentation 597580 
Monitoring the Burner Emission Spectrum in a Commercial Flash Furnace Using a Novel 
Optical Probe 
Arthur Stokreef, Queen's University 
Trevor Lebel, Kingston Process Metallurgy 
Gerardo Raul Fernando Alvear Flores, Aurubis AG 
Milen Kadiyski 
Peter Loock, Queen's University 
Jack Barnes, Queen's University 
Boyd Davis, Kingston Process Metallurgy 
 
ABSTRACT An optical probe for burner monitoring in copper flash smelting, first developed at 
the University of Concepcion, is being industrially tested in a collaboration between Kingston 
Process Metallurgy, Aurubis AG, and Queen’s University. The sensor uses fibre-optics and 
optical emission spectroscopy to analyze the light emitted from combusting particles in the 
furnace reaction shaft. Information that can be extracted from the emission spectrum includes the 
temperature and brightness of the flame, as well as emission lines or bands from excited atomic 
and/or molecular species. Proof of concept testing of the sensor was completed in a continuously 
fed drop tube reactor using O2/S stoichiometric ratios between 0.8 – 4. These O2/S 
stoichiometries capture the industrial operating condition, which is typically  
A fibre-optic probe, coupled to a spectrometer sensitive to light in the range 200 – 1100 nm, was 
used to monitor the combustion reactions. The two-wavelength method was used to calculate the 
temperature of the flame, which was between 900 – 1500oC, from the blackbody spectrum 
continuum. Flame brightness was calculated as the integrated intensity of the spectrum and 
correlated positively with the O2/S ratio and the flame temperature as expected. 
 
A custom designed instrumentation lance, consisting of a fibre-optic probe, video borescope and 
thermocouple, was installed in the central lance of the Aurubis, Hamburg, flash furnace. 31-
hours of spectral data from the burner across 5 different feed blends were obtained. Data 
acquisition was synchronized with operational data. This data was analyzed to identify 
correlations between plant operating parameters, feed mineralogy, product composition and the 
emission spectrum signal. Opportunities for the integration of the optical probe into a flash 
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furnace and the potential uses for operations are discussed. 
 
 
10:30 AM - Presentation 594059 
Iron and Copper Oxide Molecular Emissions Detection in Flash Smelting Processes 
Sergio NEFTALI. Torres, Universidad de Concepcion 
Carlos Toro, Universidad Tecnológica de Chile INACAP 
Victor Parra, University of Concepción 
Roberto Parra, University of Concepcion 
Eduardo Balladares, University of Concepcion 
Daniel Sbarbaro, University of Concepción 
Luis Arias, University of Concepion 
Milton Marin, University of Concepción 
Cristofher Godoy, University of Concepción 
Gonzalo Reyes, University of Concepción 
Walter Díaz, University of Concepción 
Rodrigo Fuentes, University of Concepción 
 
ABSTRACT In this paper, we report on the detection of spectral molecular emission of iron 
oxide (FeO) and copper oxide (CuxO) emitted by reactions occurring in a laboratory scale flash 
smelting process of pyrite (FeS2) as well as copper concentrate. The novelty of the technique is 
that, the molecular spectral emission sensing is achieved by using a low spectral resolution and 
low sensitive radiometer, enhanced with signal processing and matrix factorization techniques. 
The method was validated using a highly sensitive spectrometer, with a high spectral resolution; 
achieving a similar FeO spectral pattern as the one obtained after signal processing techniques 
over low resolution spectral signals.  
 
10:55 AM - Presentation 594047 
VIS-NIR Spectroscopy Applied to Copper Flash Smelting Processes 
Sergio NEFTALI. Torres, Universidad de Concepcion 
Carlos Toro, Universidad Tecnológica de Chile INACAP 
Eduardo Balladares, University of Concepcion 
Roberto Parra, University of Concepcion 
Victor Parra, University of Concepción 
Daniel Sbarbaro, University of Concepción 
Luis Arias, University of Concepion 
Milton Marin, University of Concepción 
Gonzalo Reyes, University of Concepción 
Walter Díaz, University of Concepción 
 
ABSTRACT This work presents VIS-NIR spectroscopy measurements, and signal analytical 
techniques to characterize minerals and relevant pyrometallurgical process variables for the 
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copper extractive industry. Data signal processing techniques such as baseline correction and 
numerical analysis are used to estimate the continuous and discontinuous spectral components. 
Such spectral components are used to estimate the process temperature, and patterns such as the 
integrated radiation. Also, metal combustion emissivity calculation are depicted. Our findings 
suggest that VIS-NIR spectroscopy may be a suitable technique to assess the process condition 
state, appearing as an interesting sensing alternative. 
 
Copper 2019: Pyrometallurgy (The Phillip Mackey 
Symposium) 
TSL-Related - Chair: Colette Ng 
Meeting Room 10 
10:05 AM - Presentation 590204 
Visualization of Bubbly Flows Injected by a Top Submerged Lance (TSL) in a Liquid 
Metal Layer by X-ray Radiography 
Megumi Akashi, Helmholtz Zentrum Dresden Rossendorf 
Daniele Obiso, CIC Virtuhcon / Institute of Energy Process and Chemical Engineering 
Olga Keplinger, Helmholtz Zentrum Rossendorf Dresden 
Natalia Schevchenko, Helmholtz Zentrum Rossendorf Dresden 
Markus Reuter, Helmholtz Institute Freiberg for Resource Technology 
Sven Eckert, Helmholtz Zentrum Rossendorf Dresden 
 
ABSTRACT We report laboratory experiments focusing on bubbling phenomena arising from 
gas injection through a top submerged lance (TSL) in a liquid metal layer. Visualization was 
performed in the eutectic alloy GaInSn using X-ray radiography. Argon bubbles were injected 
through the nozzle positioned at three different submergence depths. The spatial distribution of 
time averaged void fraction was obtained by image processing for two-dimensional projected 
images. The results show that the deep position of the submerged lance causes an asymmetric 
large-scale circulation inside the fluid vessel. Bubbling frequencies were calculated by fast 
Fourier Transformation from fluctuations of the image brightness in the vicinity of the nozzle 
injection point. The frequency is not changed for variations of the gas flow rate and the 
submergence depth of the nozzle. An increasing gas flow rate results in an increasing size of the 
gas bubbles and mean bubble velocities.  
 
10:30 AM - Presentation 594909 
CFD Modelling of Top-Submerged-Lance Argon Injection in Liquid Metal 
Daniele Obiso, CIC Virtuhcon / Institute of Energy Process and Chemical Engineering 
Megumi Akashi, Helmholtz Zentrum Dresden Rossendorf 
Sven Eckert, Helmholtz Zentrum Rossendorf Dresden 
Markus Reuter, Helmholtz Institute Freiberg for Resource Technology 
Sebastian Kriebitzsch, CIC Virtuhcon / Institute of Energy Process and Chemical Engineering 
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ABSTRACT The present paper focuses on the application of CFD techniques to investigate the 
Top-Submerged-Lance (TSL) gas injection in liquid metal. Previous works of the authors have 
shown that up- and down-scaling procedures based on the modified Froude number have some 
shortcomings, as this approach does not take into account the interfacial and vis-cous forces. 
Indeed surface tension and dynamic viscosity of the smelting slags (σ = 0.4-0.5 N/m, μ = 0.2 
Pa·s) are higher than the operating fluids that have been used in literature (water, paraffin oil), 
which have been used to study TSL injection in down-scaled furnaces.. In order to get closer to 
real systems, the authors study the TSL injection of Argon in a liquid metal. An experimental 
campaign was carried out at the Magnetohydrodynamic Department of Helmholtz-Zentrum 
Dresden-Rossendorf (HZDR), where the eutectic alloy GaInSn was used as liquid phase. The 
alloy is liquid at room temperature, and X-Ray imaging is used to picture the multiphase flow in 
a quasi-2D vessel (140x140x12 mm). 
 
The aim of the present work is to demonstrate the applicability of CFD techniques to model 
multiphase flows involving liquid metals, and validate the model using the data produced at 
HZDR. The commercial software ANSYS Fluent® was used together with the Volume of Fluid 
model to directly resolve the gas-liquid inter-phase. Some features of the flow, such as the void 
fraction distribution and bubble detachment frequency are tracked with CFD and compared to 
the experimental data. The effect on the hydrodynamics of different operating conditions, such as 
the lance immersion depth is investigated.  
 
The authors are currently extending the work to new geometries and operating conditions, in 
order to get a broader amount of data, useful for the validation of models and for the further 
understanding of the TSL injection. 
 
10:55 AM - Presentation 561070 
Investigating the Combustion Conditions of TSL Lance in an Ambient Atmosphere 
Avinash Kandalam, TU Bergakademie Freiberg 
Jörg Kleeberg, CIC Virtuhcon 
Michael Stelter, TU Bergakademie Freiberg 
Markus Reuter, Helmholtz Institute Freiberg for Resource Technology 
 
ABSTRACT The Top Submerged Lance (TSL) technology has obtained significant importance 
in the pyrometallurgy industry for nearly four decades. One of the advantages of TSL furnace is 
its high reaction rate, which is caused by splashing and turbulence of the melt. In contradiction, 
this phenomenon stands as a barrier for conducting experimental investigations to validate the 
simulation models. The highly turbulent and splashing environment in the TSL furnace is caused 
due to the immersion of the lance into the slag layer and thus the effect of the flame structure is 
directly related to the splashing, turbulence, reaction kinetics and life-span of the lance apart 
from the material properties such as viscosity, density and the surface tension. As a first step to 
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understand the flame structure, attempts are made to generate a stable flame of the lance in an 
open environment.  
 
11:20 AM - Presentation 594756 
Successful Treatment of Complex Feeds Through the ISASMELT™ and Albion Process™ 
Stanko Nikolic, Glencore Technology 
Ben J. Hogg, Glencore Technology 
Daniel P. Mallah, Glencore Technology 
Glenn M. Stieper, Glencore Technology 
Paul B. Voigt, Glencore Technology 
Mike Hourn, Glencore Technology 
 
ABSTRACT Copper feed materials processing is becoming more challenging, due to an 
incremental increase in the mineralogical and compositional complexity of these feeds. These 
complex and polymetallic feeds are now becoming more common and many sites have been 
forced to re-evaluate their operating strategies to process these materials at cost competitive 
rates, whilst meeting ever more stringent environmental regulations. Most operations must first 
evaluate the merits of pyrometallurgical and hydrometallurgical treatment routes. Although there 
are multiple copper smelting technologies available, only top-submerged lance (TSL) 
technology, supplied by Glencore Technology as ISASMELT™, has been applied in the real 
world to consistently and successfully smelt complex materials in integrated metallurgical 
facilities such as Glencore’s Kazzinc Ltd. operation in Kazakhstan, Umicore Precious Metals 
Refining in Belgium and Aurubis AG in Germany. Glencore Technology also offers 
hydrometallurgical processing, through the Albion Process™ technology, opening up viable 
flowsheet options previously not possible for these complex feeds. This paper describes a 
number of real world process flowsheets at global operations and Glencore’s own operations at 
Mount Isa and Kazzinc Ltd., which process complex feeds. These flowsheets integrate the 
ISASMELT™, Albion Process™, ISACONVERT™, ISAKIDD™ Tank house, and bottom 
blown oxygen cupel (BBOC™) technologies to provide an effective process solution for the 
treatment of complex polymetallic feeds to produce metallic copper and associated by-products. 
 
Impurities II - Chair: Hugo Joubert 
Meeting Room 11 
10:05 AM - Presentation 593850 
Distribution of Minor Elements in the Process of Copper Smelting: Plant Mass Balance 
and Thermodynamic Analysis 
Hua Wang, Kunming University of Science and Technology 
Lei Li, Kunming University of Science and Technology 
X. J. Guo, Zijin Mining Group CO. Ltd 
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ABSTRACT The distribution and behavior of As, Pb and Zn elements in the copper smelting 
process were investigated using thermodynamics. The differences between thermodynamics 
evaluation and practical smelting processes were analyzed. The main factors affecting the 
distribution of the elements are oxygen enrichment in blowing, copper matte grade and smelting 
temperature. In general, the distribution ratio of As, Pb and Zn to off gas increases with the 
smelting temperature and decreases with oxygen enrichment in blowing. Meanwhile, their 
distributions in matte decreases and that in slag increases with the increase of copper matte 
grade. There is some gap in distributions between thermodynamics evaluation and practical 
smelting processes. 
 
10:30 AM - Presentation 593980 
Behaviour of Mo and Ir in Copper Matte Smelting 
Pekka Taskinen, Aalto University 
Dmitry Sukhomlinov, Aalto University 
Lassi Klemettinen, Aalto University 
Ari Jokilaakso, Aalto University 
 
ABSTRACT The solubilities and distributions of molybdenum and iridium in slag and copper-
iron mattes were studied using an equilibration-quenching technique and subsequent direct phase 
composition analyses by EPMA (Electron Probe X-ray Microanalysis) and LA-ICP-MS (Laser 
Ablation-Inductively Coupled Plasma-Mass Spectrometry). The equilibrations were carried out 
on a wide matte grade interval, ranging from 50 % Cu to 75 % Cu, in pSO2 = 0.1 atm at 1300 
°C. The results in equilibrium with a solid iridium-molybdenum alloy indicated an iridium 
solubility of 150-500 ppm in the sulphide matte, depending on the matte grade, and a 
molybdenum solubility of 100-600 ppm. Iridium was distributing predominantly in the sulphide 
matte with the distribution coefficient of 10+3 - +4 but molybdenum deported predominantly in 
the slag with Lm/s(Mo) = 0.02 – 0.1. The effects of alumina and lime additions in the smelting 
slag were also examined. 
 
10:55 AM - Presentation 599770 
Deportment Behaviour of Sn in Copper Smelting 
Chunlin Chen, CSIRO Mineral Resources 
 
ABSTRACT Tin is an impurity element commonly found in copper ores, which will be 
dispersed in various solid, liquid, and gaseous streams in pyrometallurgical processing of copper. 
Tin alloy is widely used in electronic soldering due to its low melting point. The growth in 
treatment of recycled e-waste through primary and secondary copper smelting has led to an 
increased tin input to the smelting system. Therefore, the deportment of tin between phases is of 
great interest to the operators of modern smelters.  
 
The Multi-Phase Equilibrium (MPE) is a thermodynamic package developed by CSIRO for 
simulating reactions between phases in multi-component and multi-phase systems. Over the 
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years the capability of the MPE model has been extended to cover the behavior of a large 
number of elements in high temperature system. In the present paper, the thermodynamic data on 
tin in liquid copper, matte and slag have been reviewed, assessed and used in the development of 
a database for tin slag, alloy and matte phases. The model/database was applied in modelling the 
tin deportment in primary copper smelting and e-waste smelting processes. The aim of this study 
is to provide a better understanding of the chemical behaviours of tin in high-temperature copper 
processing and e-waste smelting.  
 
The results show that Sn can be removed from the matte through evaporation of various volatile 
Sn species (with SnS the most volatile) and slagging during copper smelting. The Sn removal 
increased with increasing matte grade due to the increased gas and slag volume. In the e-waste 
smelting process, very low of Sn was reported to the gas phase due to the low S, hence low SnS 
partial pressure in the system. The black copper produced could contain a few percent of Sn 
depending on the oxygen potential. The Sn in the black copper could be removed to the slag 
phase during anode refining.  
 
11:20 AM - Presentation 596675 
Experimental Investigation of Phase Equilibria of Major Elements and Distributions of 
Minor Elements Between Slag/metal and Slag/matte at Tridymite Saturation in “Cu2O”-
“FeO”-SiO2-S-Al2O3-CaO System 
Taufiq Hidayat, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Peter C. Hayes, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of 
Queensland 
Evgueni Jak, PYROSEARCH, Pyrometallurgy Innovation Centre, The University of Queensland 
 
ABSTRACT Phase equilibria of major elements and the distributions of minor elements 
between slag/metal and slag/matte in equilibrium with tridymite in the “Cu2O”-“FeO”-SiO2-S-
Al2O3-CaO system have been investigated in the range of conditions of interest to the high-
temperature copper production, refining, and recycling processes. An improved experimental 
methodology has been used involving high temperature equilibration in controlled gas 
atmospheres, rapid quenching, and quantitative microanalysis techniques using Electron Probe 
X-ray Microanalysis (EPMA) and Laser Ablation Inductively Coupled Plasma Mass Spectrum 
(LAICPMS). The effect of oxygen partial pressure on phase equilibria of major elements and the 
distributions of minor elements between slag/metal and slag/matte has been accurately measured. 
The effects of slagging components (Al2O3 and CaO) on phase equilibria of major elements and 
the distributions of minor elements between slag/metal have also been experimentally 
determined. The present study is a part of a larger integrated experimental and thermodynamic 
modelling research program in the systems relevant to high-temperature copper processing. 
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Slags I - Chair: Ramamritham Sridhar 
Meeting Room 9 
10:05 AM - Presentation 595113 
Environmental Upgrade at the Freeport-McMoRan Miami Smelter 
David M. Jones, Freeport McMoRan  
Robert W. Brandt, Freeport McMoRan 
Avi Nanda, Freeport McMoRan 
Alexander J.H. Piatkiewicz, Freeport McMoRan 
 
ABSTRACT In 2010 the United States Environmental Protection Agency revised the National 
Ambient Air Quality standards by lowering the permissible 1-hour average SO2 concentration to 
75 ppb. A number of options were studied to bring the Miami smelter into compliance with the 
new standard. The chosen solution included: Installation of a large tertiary hooding system over 
the converter aisle; Hooding of the anode vessels and treatment of the anode gas in a baghouse; 
Installation of a large 238,000 Nm3/hr caustic scrubber to treat the captured converter and anode 
off-gases; Installation of a secondary ESP for the tapping fugitive off-gas treatment system; and 
the continuous scrubbing of all acid plant tail stack gases. The modifications have reduced 
smelter SO2 emissions by 88%, achieving a world class SO2 stack emissions rate of .47 kg of 
SO2/tonne Cu 
 
10:30 AM - Presentation 594802 
The Distribution of Ni Between Slag and Copper Metal Under Copper Fire-Refining 
Conditions 
Amy Van den Bulck, KU Leuven 
Denise Willems, Aurubis Belgium 
Muxing Guo, KU Leuven 
Annelies Malfliet, KU Leuven 
Bart Blanpain, KU Leuven 
 
ABSTRACT The feed stock of copper fire refining processes consists of two major constituents: 
blister copper and high-Cu secondary scrap. A large fraction of this secondary scrap, originating 
from urban mining, is quite high in impurities such as Fe, Ni, Pb and Sn. Problems arise in 
electro-refining when these elements exceed certain limits. As a consequence, transformation of 
the secondary copper raw materials into high grade copper has become troublesome. However, 
the behavior of impurities relevant to fire refining conditions, essential for anode refineries, has 
not been studied in detail. Furthermore, limited research has been performed on the distribution 
of Ni between copper metal and slag. 
 
In this study, equilibration at 1300 °C of liquid Cu-1wt.% Ni alloy and CaO-CuOx- FeOy-SiO2 
slag in vacuum sealed quartz ampoules was performed for 12 hours, followed by water 
quenching. Electron Probe X-ray Microanalysis was employed to investigate the composition of 
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the equilibrated alloy and slag. The distribution coefficients of Ni between slag and alloy were 
determined as a function of oxygen partial pressure and CaO concentration.  
 
10:55 AM - Presentation 594874 
Macroscopic Analysis of the Reaction Between Molten Copper and Water: Simulations and 
Preliminary Experiments 
Arne Simons, University Ghent 
Inge Bellemans, Ghent University 
Tijl Crivits, Umicore 
Kim Verbeken, Ghent University 
 
ABSTRACT In the metallurgical industry, furnace cooling is often employed to enhance 
furnace lifetime. Hence, the pyrometallurgical phase comes in close contact with a non-air 
coolant. The proximity of the pyrometallurgical phases to the coolants may lead to dangerous 
situations. In case of a breach of the cooling circuit, the contact between a hot and a cold liquid 
may cause a vapour explosion. The outcome of this vapour explosion includes a pressure wave 
which could result in damage to the furnace, bodily injuries or even casualties. To prevent such 
dramatic events, the origin of vapour explosions is currently being studied in more detail. For 
this purpose, OpenFOAM was used to perform Computational Fluid Dynamics (CFD) 
simulations. In a first step, simulations were run to get a better idea of the influence of the 
compressibility on the simulations. The obtained results help in getting a better insight on the 
need of computational power, and possible numerical errors using compressible or 
incompressible solvers in future simulations. In a second step, systems without vapour 
explosions were simulated and compared to experimental results with mercury and aluminum. 
 
11:20 AM - Presentation 595333 
Use of Flotation Tails as Flux in Copper Smelting 
Hector Mario. Henao, Technical University Federico Santa Maria 
Francisca C. Canales, Angloamerican 
Claudio Pizarro, Codelcotech 
 
ABSTRACT This work evaluated the use of tails of flotation as flux in the process of smelting 
concentrates. For this purpose, experimental and simulated liquidus were obtained at different 
ratios of tails/flux. Experimental variables included temperature, partial pressure of oxygen and 
sulfur dioxide and tridymite or espinel saturation. The results indicate the feasibility of replacing 
the flux by increasing the temperature of the smelting process 20 °C. Results of simulation using 
FactSage and HSC confirm that the required increase in temperature can be achieved by 
increasing the flow of concentrated, enrichment of oxygen or increasing the matte grade. 
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TSL related II + Other - Chair: Andreas Filzwieser 
Meeting Room 10 
2:00 PM - Presentation 594647 
Decarbonisation of the Outotec® Ausmelt Process 
Jacob Wood, Outotec Pty Ltd 
Robert Matusewicz, Outotec Pty. Ltd. 
 
ABSTRACT The Outotec® Ausmelt Top Submerged Lance (TSL) Process has achieved 
widespread commercial acceptance over the past 40 years for the processing of copper, nickel, 
lead, tin, zinc and precious metal bearing feeds. The continual development and evolution of the 
technology during this period has resulted in a more intense smelting process with higher energy 
efficiency and lower operating costs. More recently, considerable effort has been invested in 
decarbonisation of the process through improvements such increased oxygen usage, dry feed 
injection and use of low-carbon auxiliary fuels. This paper covers a number of these recent 
advances to the technology and highlights their impacts on energy consumption and CO2 
emissions for a range of non-ferrous smelting flowsheets. 
 
2:25 PM - Presentation 593054 
Maximizing Energy Efficiency in Smelter Feed Drying 
Jukka Tuominen, Kumera Technology Center 
Carl-Gustav Berg, Kumera Technology Center 
Hannu Mansikkaviita (presenter only), Kumera Technology Center 
 
ABSTRACT Since the beginning of the 20th century, energy efficiency in copper smelting has 
been improved by a factor of 30 as a result of adopting autogenous smelting processes with more 
and more efficient waste heat recovery systems, increasing use of oxygen enrichment and 
countless smaller improvements. Nevertheless, energy in the form of electricity and fuels 
continues to be the biggest contributor to smelter operating cost. Metallurgists around the world 
are under constant pressure to find ways to save those precious megajoules wherever they can. 
One area that is often neglected is the removal of water contained in concentrates. 
Copper flotation concentrates, as delivered to a smelter, typically contain some 8 – 12 percent 
moisture. This moisture must be removed and the only way to do this is by evaporation which 
consumes a lot of energy. Several studies have shown that the most efficient way of removing 
this moisture is to use a steam-heated indirect dryer – the least efficient way being the feeding of 
wet concentrate directly into a smelting furnace. Even in the most efficient smelters that employ 
modern steam drying, the energy needed to remove the moisture from the concentrates 
constitutes over 15 per cent of the total energy consumption of a smelter – acid plant complex.  
The major steps that have been taken in the past to lower the energy consumption of moisture 
removal are the use of drying in general and the adoption of steam drying. The energy efficiency 
of concentrate drying has been improved by 25 per cent over the last 20 years. The latest giant 
leap in this area, the Kumera Heat Recovery Dryer, is the result of Kumera’s long term 
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development in improving the efficiency of concentrate drying. The Kumera Heat Recovery 
Dryer is a novel application of steam drying that uses the waste heat from dryer exhaust gas for 
drying concentrates, thus, cutting the energy consumption by a further 30 per cent. 
This paper discusses energy consumption in copper smelting in general and analyzes the energy 
consumption of concentrate drying in detail. Different dryer types are compared especially from 
the perspectives of energy consumption and environmental emissions. Applicability of different 
energy sources for drying is evaluated and discussed. The principle of the Kumera Heat 
Recovery Dryer is presented along with results from extensive continuous pilot plant tests. 
Potential applications and the feasibility of Kumera Heat Recovery Drying technology are 
discussed.  
 
2:50 PM - Presentation 593985 
Risk Management Approach to Taphole Integrity at Olympic Dam Copper Smelter 
Farai Musuka, BHP 
Danny Jenkins, BHP 
Adrian Keyes, BHP 
 
ABSTRACT BHP Olympic Dam operates a Direct-to-Blister copper flash smelting Furnace 
(DBF) and an Electric Slag Cleaning Furnace (ESCF). Tapping blister copper from these 
furnaces via tapholes is a routine task carried out by trained personnel. Blister tapping is a high-
risk activity with personnel operating in close proximity to molten metal. BHP’s risk 
management framework has identified taphole integrity as key to managing the potential for loss 
of molten metal containment and molten metal – water steam explosion, both of which have the 
potential to cause multiple fatalities. As part of the focus on managing this risk, since 2017, a 
dedicated Taphole Development Team has been embedded in the operation to run an accelerated 
improvement program focused on safely and sustainably embedding an improved taphole design 
with greater integrity. The program of works includes selecting and testing of new materials as 
well as improving operating discipline by collaborating with tapping personnel to convert their 
knowledge into codified condition monitoring and operating strategies. Computational fluid 
dynamics (CFD) is being used to derive critical risk controls, and to develop live-alerts to infer 
excessive refractory insert wear. To date, improving DBF blister taphole mudgun clay has led to 
more consistent drilling depths and subsequently reduced oxygen lancing requirements, resulting 
in improvements in taphole insert service life. On the ESCF, insert performance testing and 
development of a new taphole condition monitoring strategy, is being used to increase taphole 
insert tonnages to more sustainable levels. Operations personnel have been closely involved in 
different phases of the change management, this has led to standardization of tapping practices 
for both furnaces, and improved ownership of the proposed changes. The paper discusses the 
maturity in taphole integrity risk management as a result of recent and ongoing developments. It 
then provides an overview of future taphole developments proposed at Olympic Dam. 
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Smelting and Converting Technologies V - Chair: Nathan 
Stubina 
Meeting Room 11 
2:00 PM - Presentation 547828 
China Nerin’s Side-blown Furnace Technology and Its Application 
Wei Wang, China Nerin Engineering Co.,Ltd 
 
ABSTRACT Side-blown Furnace technology is a developing technology and was developed 
very quickly in China in recent years, dozens of reference smelters can be found for the 
treatment of copper concentrate, copper slag, Lead slag, zinc leaching slag and different kinds of 
slurry. This paper introduces the working principle of the technology, displays the innovations 
and specifications of Nerin's SBF technology, also give the examples of the typical reference 
smelters, and look ahead the future applications. 
 
2:25 PM - Presentation 595879 
The Utilization of Copper Continuous Smelting, Converting and Fire-Refining Process in 
China 
Ling Wu, China ENFI Engineering and Technology Corporation 
 
ABSTRACT The development of pyrometallurgical technologies has been focused on new 
smelting reactors, but the proposal for new converting reactors has been substantially lower. Up 
to today about 80% of copper matte is treated by the traditional P-S converters which have the 
weakness of pollutant fugitive emissions. Therefore, the continuously converting processes for 
treating molten matte have been studied and developed. In July 2017 the "oxygen-rich side 
blowing smelting + multi-lances top converting & fire refining" continuous copper treating 
process was commissioned. This process was designed by ENFI and YanTai GuoRun Copper 
Smelter. In this process, oxygen rich side blow technology is adopted for smelting, which is a 
new type of side blowing smelting furnace to produce high-grade copper matte. The converting 
adopts the horizontal multi-lances top-blowing continuously converting process, which 
eliminates the transportation of molten melt and the SO2 fugitive emission. The intermediate 
products of this process, copper matte and blister copper is fed into the furnaces respectively 
through launders. This new process is more advanced, more reliable and more environmentally 
friendly. Until now, this process in the GuoRun copper smelter is operating smoothly. An 
increasing number of projects which use this process are under design and construction in China. 
 
2:50 PM - Presentation 594062 
Challenges in Pneumatic Conveying of Concentrate and Flue Dust at Copper Smelters 
Jyri J. Talja, Kopar Oy 
Roni Jahila, Kopar Oy 
Eero Lehtila, Kopar Oy 
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ABSTRACT Kopar Oy is acknowledged for engineering and manufacturing of robust systems 
for bulk material handling, especially at power plants and non-ferrous smelters. We have over 
thirty years of experience with systems specifically designed for hot and abrasive conditions, 
aiming at low cost of ownership, low operational expenses and high availability. Although Kopar 
has numerous applications in mechanical conveying, there is an increasing number of pneumatic 
conveying applications at copper smelters. They relate to conveying of concentrate, and primary 
and secondary flue dusts. Challenges of pneumatic conveying for concentrate are mechanical and 
do relate to broad particle size distribution and high abrasivity of the concentrate and the silica. 
Therefore, special attention shall be paid to system design and ceramically lined bends in the 
pipeline. Challenges of pneumatic conveying of primary flue dust relate predominantly to 
material stickiness and poor flowability which are mainly due to fine particle size and formation 
of sulphates and furthermore, crystalline water. Additional challenges of secondary dust, the 
white converter dust, are primarily due to the extremely fine 0.1–1.5 µm particle size and 
problems which come with this. Effect of material characteristics like size distribution, 
morphology and chemical composition in pneumatic conveying are discussed in detail. 
 
3:15 PM - Presentation 594002 
Electrode and Electrode Management Technology for Base Metal Electric Furnaces 
Simbongile Bantubani, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
Ravith Hansraj, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
Sachin Arjun, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
Hugo Joubert, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
Isobel Mc Dougall, Tenova Pyromet, Tenova South Africa (Pty) Ltd 
 
ABSTRACT The requirements determining the design of the Söderberg electrode columns used 
in base metal applications are different to that for other industries. There is a strong trend to 
position the contact shoes above the furnace roof in order to reduce the risk of water leakages 
directly onto the furnace bath. Tenova Pyromet has adapted its proven electrode column design 
for application on base metal electric furnaces based on these requirements. The design 
modifications implemented as well as considerations regarding the overall electrode-roof-furnace 
arrangement are discussed. Equally important is the management of the Söderberg electrodes to 
prevent over or under baking. Tenova Pyromet has developed the AutoFurn™ furnace controller 
to not only optimise furnace operations, but to improve electrode management. An overview into 
the electrode management control philosophy implemented by AutoFurn™ is provided, focusing 
on intelligent electrode regulation, slipping and baking. 
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Slags II - Chair: Tanai Marin 
Meeting Room 9 
2:00 PM - Presentation 594752 
Evaluation Copper Slag Cleaning Potentials 
Eric Klaffenbach, Aurubis 
Muxing Guo, KU Leuven 
Bart Blanpain, KU Leuven 
Sina Mostaghel, Aurubis 
 
ABSTRACT The current paper is focused on evaluating the behavior of copper in a copper 
production slag and the assessment of metal recovery possibilities. For this reason, 
thermodynamic calculations were carried out to determine the influence of parameters such as 
slag composition, temperature and oxygen partial pressure on recovery of non-ferrous elements. 
It was found that the formation of a solid face centered cubic (fcc) phase, mainly consisting of 
iron, limits the extent of reduction that can be achieved for an industrial process. However, it 
could be discovered that solubility of iron in the Cu-rich liquid alloy strongly depends on 
presence of other elements, particularly arsenic. As part of the results of this study, the solubility 
of Cu in the slag at onset of fcc phase formation is presented as function of temperature, oxygen 
partial pressure and concentration of MgO and CaO. It was concluded that lower temperature 
(1200°C) and higher CaO addition (16 mass-% in this study), would result in the highest 
achievable copper recovery from slag.  
  
2:25 PM - Presentation 592797 
Enhancing Cobalt Recovery from Copper/nickel Matte Producing Smelters 
Ramamritham Sridhar, Process Research ORTECH Inc 
V. I. Lakshmanan, Process Research ORTECH Inc 
Jonathan Chen, Process Research ORTECH Inc 
 
ABSTRACT Process Research ORTECH Inc. (PRO), with its in-depth knowledge on cobalt 
behaviour in nickel matte smelters and its novel mixed chloride hydrometallurgical processing in 
developing a hybrid process to enhance cobalt recovery. 
PRO’s experimental data is compared with plant information on cobalt behaviour in smelters. In 
final stages of iron rejection in the converters, the thermodynamics of the matte-slag system 
dictates the undesirable transfer of the cobalt to the final converter slags. This results in much 
lower cobalt recovery in the product Copper/Nickel matte (Application of this process to 
enhance cobalt recovery in typical Copper/Nickel smelters is presented. In addition, this will also 
enhance the Copper and Nickel recovery. Both these aspects are of interest to the Copper, 
Nickel, and cobalt producers. 
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2:50 PM - Presentation 594870 
On the Origin of Sudden Slag Foaming During Copper Smelting 
Vincent Cnockaert, Ghent University 
Tijl Crivits, Umicore 
Inge Bellemans, Ghent University 
Bart Blanpain, KU Leuven 
Kim Verbeken, Ghent University 
 
ABSTRACT It is well known that slag foaming can significantly complicate copper smelting 
processes. This is especially true for unpredictable events that generate large amounts of slag 
foam during a small period of time. These events are here referred to as eruptions and are typical 
for certain types of liquid bath furnaces such as modern top submerged lance (TSL) furnaces. A 
few authors already made the link between over-oxidation of the slag phase and slag foaming. In 
this work, the mechanism is studied in more detail and explained using the smelter chemistry and 
the behaviour of dynamic foam formation. Finally, the most influential parameters on the 
foaming behaviour of the process are presented. 
 
3:15 PM - Presentation 597294 
Slag Reduction and Settling for Improved Metal Recovery 
Boyd Davis, Kingston Process Metallurgy 
Trevor Lebel, Kingston Process Metallurgy 
Chris Pelow, Kingston Process Metallurgy 
Russell Dawes 
 
ABSTRACT Settling of copper, lead, and other metals in slags is an important part of overall 
recovery of metals, both in primary and secondary operations. The impact of slag reduction on 
settling is not well known. This is important, since the cycle time for slag cleaning can be 
significantly changed with reduction of slag, through a decrease in slag viscosity and growth of 
metal/sulphide particles.  
KPM has worked with a number of primary and secondary recyclers to better understand how 
reduction of slag can improve overall operation. In this presentation, we describe the type of test 
work and analysis done and how this information can be used to guide improvements in metal 
recovery from slags.  
 
Smelting and Converting Technologies VI - Chair: Nathan 
Stubina 
Meeting Room 11 
4:05 PM - Presentation 592917 
Engineering and Production Practice of Double Bottom-blowing Continuous Copper 
Smelting Process with Three Connected Furnaces Arrangement 
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Yongcheng Zhao, China ENFI Engineering Corporation 
Bing Li, China ENFI Engineering Corporation 
Kai Liu, China ENFI Engineering Corporation 
 
ABSTRACT With the ongoing development of copper smelting technology, the improvement of 
environmental emission control and achieving an automated continuous copper 
pyrometallurgical process have become the key development goals for copper smelting. The 
double bottom blowing continuous copper smelting process combine bottom blowing smelting 
(SKS) and bottom blowing converting (BCC) process and fire refining as “three-connected 
furnaces” arrangement is a pyrometallurgical process independently developed by China’s ENFI 
which can continuously produce copper from raw material through to anodes. This technology 
can improve energy efficiency and reduce environmental emissions for the overall copper 
smelting and converting process. This paper discusses the engineering characteristics and 
production practice of the SDIC Jincheng Metallurgical Project, which operates SKS smelting 
and BCC converting process with “three-connected furnace” arrangement for the first time in the 
world. Advanced engineering concepts and tools were used to optimize the configuration during 
the project engineering stage. The operation shows that the process has good environmental 
performance, reduced energy consumption and high level of automation, which is a new choice 
for copper continuous smelting process.  
 
4:30 PM - Presentation 592158 
Selection of Smelting Process for High-Copper /Sulphur Ratio Copper Concentrate 
Feng He, Metallurgy Business Divison China Nerin Engineering Co., Ltd 
Wei Ye, China Nerin Engineering Co. , Ltd 
X. J. Guo, Zijin Mining Group CO. Ltd 
Lei Li, Kunming University of Science and Technology 
 
ABSTRACT At present, a great amount of copper concentrates with high copper /Sulphur ratio, 
which major copper mineral is chalcocite, have been produced or are about to be produced in the 
Copperbelt in Africa and other countries in the world. The copper concentrate is usually high in 
copper (30~55%) and low in Sulphur (10~15%). 
 
The conventional processes of smelting-converting and roasting-leaching -electro-winning for 
treating this type concentrate will result in high energy and materials consumption. The direct-to-
blister (one-step) smelting process is a good option. Up to now, there are four copper smelters in 
the world operating with the direct-to-blister smelting process. there certainly are problems In the 
process such as high copper content in the slag, strict operation requirement of slag cleaning 
electric furnace, etc. Except technical issues the impact of factors on economical aspect such as 
power and material price needs to be considered comprehensively in process selection. 
 
In this paper the technical issues of direct-to-blister smelting process, including slag treatment 
process, were analyzed and the comparison to The conventional processes and economic analysis 
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of direct-to-blister smelting process to treat high copper /Sulphur ratio concentrate were done. 
 
4:55 PM - Presentation 594783 
Detailed OPEX Comparision of Modern Copper Smelting Technologies Using HSC-SIM 
Modelling 
Lauri Pesonen, Outotec (Finland) Oy 
Ali Bunjaku, Outotec (Finland) Oy 
Hannu Johto, Outotec (Finland) Oy 
 
ABSTRACT It is well known that there are many ways to process copper concentrates into 
copper anodes using the pyrometallurgical route. All modern copper smelting technologies are 
fundamentally energy efficient and environmentally safe options, and therefore choosing one 
depends on the desired capacity range, feed impurity levels, plant location, flexibility needs, 
overall energy use, and of course smelter economics in both the short and long term. This paper 
focuses on comparing different solutions which have potentially the lowest variable opex 
(operational expense), meaning in practice finding out which technology offers the best chances 
for profit maximization under certain scenarios. For the comparison, we chose to have a closer 
look at Outotec Flash Smelting (FSF) – Peirce-Smith Converting (PSC), Outotec Flash Smelting 
(FSF) – Outotec-Kennecott Flash Converting (FCF), Outotec Ausmelt TSL Smelting (ASF) - 
Peirce-Smith Converting (PSC), Outotec Ausmelt TSL Smelting (ASF) - Outotec Ausmelt TSL 
Converting (ACF), Mitsubishi Smelting Process (MIT), Bottom Blowing Reactor (BBR) – 
Bottom Blowing Continuous Converting (BCC), and Side Blowing Furnace (SBF) - Top 
Blowing Converting (TBC) since these seem to be the main state-of-art technologies now being 
applied in many recent copper smelter projects around the world. The work was carried out by 
modelling each smelting route by using the new HSC SIM 9 simulation software and applying 
operation time, energy, and consumables consumption numbers for each unit process and stream. 
Combined with cost data, the exercise produced a rich set of information which will be shown in 
detail for each area per scenario. The authors’ goal here was to provide a fair comparison where 
each technology can be evaluated from various perspectives such as electricity use or refractory 
consumption. 
 
Copper 2019: Sustainability & Waste Management 
Waste Management I - Chair, Carlos E. Rebolledo Ibacache 
Meeting Room 18 
8:00 AM - Presentation 594356 
Air Granulation of Copper Slags for Iron Silicate Production Part 2: Drawing Parallels 
from Air Granulation of PGM Converter Slag 
Lily L. C. So, Hatch Ltd. 
JP Janse van Rensburg, Northam Platinum Ltd. 
Darryl Metcalfe, Hatch Ltd. 
Mahdi Mahdi, Hatch Ltd. 
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Jennifer Woloshyn, Hatch Ltd. 
Nadia Uys, Northam Platinum Ltd. 
Daan Sauter, Hatch Ltd. 
Andrew MacMillan, Hatch Ltd. 
 
ABSTRACT For city smelters, with limited real estate, efficient slag cleaning furnaces followed 
by water granulation to produce an iron silicate product is the preferred process approach. Water 
granulation, however, consumes large volumes of water and requires high maintenance due to 
abrasive slag/water slurries. Air granulation offers an alternative to water granulation, which 
eliminates water use and has low maintenance requirements. Although full-scale operation has 
not been implemented for copper slags, full-scale operation for platinum group metal (PGM) 
converter slag has been implemented. A review of full-scale air granulation performance for 
PGM converter slag is provided. Based on PGM converter slag granulation performance, 
parallels to copper slag granulation are drawn and full-scale operation for copper slag is 
modelled using computational fluid dynamics (CFD). 
 
8:25 AM - Presentation 594767 
Permitting, Construction and Commissioning of a New Slag Landfill at Boliden Harjavalta 
Hanna-Leena Heikkilä, Boliden Harjavalta 
Esa J. Peuraniemi, Boliden Harjavalta 
 
ABSTRACT This paper describes the tailings management of Harjavalta copper smelter. 
Boliden Harjavalta has operated a copper flash smelter since 1949 thus the smelter celebrates 
70th anniversary of flash smelting in 2019. Slag formation is an integral part of any smelting 
process; currently the slag processing is based on froth flotation. It provides high recovery of 
copper but restricts slag utilization. All slag formed is deposited on a landfill and used in slag 
dam construction after being processed at the slag concentrator. 
 
Harjavalta smelter recently commissioned a new tailings area for the final slag. In this paper the 
full project from permitting to commissioning of a new landfill area is described. It includes the 
description of the utilization of slags in dam construction. The permitting process and the fluent 
co-operation with environmental authorities including environmental impact assessment is 
described. During the EIA, observations on rare animals protected on European level were made 
to-gether with archaeological findings in the ground. Successful completion of the permitting 
allowed to start the construction phase.  
 
The use of the landfill requires intensive environmental and dam safety monitoring that is 
described in the paper. Also the water circuits and pumping systems are presented. After six 
years intensive work, the new landfill was commissioned in May 2018. The new landfill area 
provides a sustainable way to store the smelter’s slag for decades to come. 
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8:50 AM - Presentation 602983 
Strategies for Patenting 'Green' Technologies 
Van Vekris, Marks & Clerk Canada 
 
ABSTRACT A diverse patent portfolio and an effective intellectual property strategy are vital in 
today’s small business world. Not only does a diverse patent portfolio enable a company to 
secure a monopoly within the market, it greatly increases the value of a company’s intangible 
assets and keeps competitors at bay. An overview of the patenting process as it pertains 
specifically to the materials science-related start-ups will be given, together with a summary of 
some general patenting strategies and a review of some patenting errors to be avoided, such as 
premature disclosure of the invention to the public. Additionally, a review of new “green 
technology” initiatives recently adopted by Patent Offices around the world is also provided. 
These initiatives are expected to greatly benefit patent applicants in the field of materials science, 
where research efforts are often directed to environmentally-friendly products and processes. 
 
9:15 AM - Presentation 593346 
Experimental Evaluation of Pyrometallurgical Recycling Processes for Lead Removal from 
Brass 
Simon Hilgendorf, Institute of Process Metallurgy and Metal Recycling (IME), RWTH Aachen / 
Fraunhofer Project Group Materials Recycling and Resource Strategies 
Gert Homm, Fraunhofer Project Group Materials Recycling and Resource Strategies 
Carsten Gellermann, Fraunhofer Project Group Materials Recycling and Resource Strategies 
Rudolf Stauber, Fraunhofer Project Group Materials Recycling and Resource Strategies 
Bernd Friedrich, Institute of Process Metallurgy and Metal Recycling (IME), RWTH Aachen 
University 
 
ABSTRACT Due to recent regulations limiting tolerated lead concentrations in copper alloys, 
new recycling strategies have to be considered. This study investigates the suitability of technical 
approaches in order to recycle leaded copper alloys exemplified by CuZn39Pb2 and produce an 
alloy in compliance with future lead regulations in the European Union. Three pyrometallurgical 
methods are considered to achieve this goal, namely vacuum distillation, intermetallic 
precipitation and fractional crystallisation. The impact of essential process parameters i.e. 
pressure, temperature, time, atmosphere and quantity of additives are identified using 
thermochemical and kinetic modelling. An experimental implementation reveals a general 
suitability of all three refining processes. However, the individual efficiency of the different 
methods strongly differs. Thus, a detailed assessment is carried out in order to provide an 
evaluation on the efficiencies of these methods from a technological, economical and 
environmental point of view. Taking a possible industrial realisation into account, the authors 
recommend the approach of vacuum distillation, although the energy demanded is comparatively 
high due to the enthalpy of evaporation for zinc, or rather, lead. However, required lead 
concentrations can be reached quickly without introducing an external element to the material. 
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The prediction of selectivity and evaporation speed, which are immanent variables for a 
successful implementation, can be validated experimentally. 
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Waste Management II - Chair, Lily So 
Meeting Room 18 
10:05 AM - Presentation 594790 
Metal Recovery and Environmental Loading Reduction of Copper Mine Tailing by High 
Pressure Leaching and SX-EW Process 
Kazutoshi Haga, Akita University 
Labone Lorraine Godirilwe, Akita University 
Ljiljana Avramovic, MMI-Bor 
Radojka Jonovic, MMI-Bor 
Zoran Stevanovic, MMI-Bor 
Daizo Ishiyama, Akita University 
Atsushi Shibayama, Akita University 
Yasushi Takasaki, Akita University 
 
ABSTRACT Pyrite(FeS2) and chalcopyrite which could not be recovered are present in mine 
tailings discharged from the mineral processing plant of copper mine. About 0.3% of copper is 
contained in the tailing used in this study, and it is expected as a useful copper resource. At the 
same time, containing pyrite will causes acid mine drainage, therefore necessary to detoxify the 
tailing. An efficient method has been proposed to recovering substantial amounts of copper and 
reducing the environmental impact of tailings by a combined hydrometallurgical process of high 
pressure leaching (HPL), solvent extraction (SX) and electrowinning (EW) process. As a result 
of HPL using water as leaching solution, high copper leaching rate (>95%) was obtained even 
with water. On the other hand, pyrite contained in the tailing was converted to iron oxide by high 
pressure leaching. The evaluation the stability of the residue obtained from high pressure 
leaching, almost no elution of metal ions was confirmed. The percentage of copper extraction 
and stripping from the Cu-loaded organic phase was reached to 97.4% with the increase of 
H2SO4 concentration from 1.5 mol/L. It is confirmed that the stripped copper solution contains 
approximately 44.8 g/L copper and 1.4 g/L iron. Moreover, it was confirmed that the lower iron 
concentration in the electrolyte for the copper electrowinning, the better the current efficiency of 
copper electrodeposition. 
 
10:30 AM - Presentation 592155 
Geochemical Performance of Mine Rock Beneath an Elemental Sulfur Stockpile and 
Implications for Water Quality Management Following Removal of the Stockpile 
Shauna Litke, University of British Columbia 
Stephen Day, SRK Consulting 
Wenying Liu, UBC 
 
ABSTRACT Elemental sulfur was stockpiled at the Mount Polley Mine for use as a source of 
sulfuric acid as part of research into leaching copper from oxide ores. The intent was to blend the 
sulfur with ore for heap leaching but the project did not proceed beyond an initial pilot-scale 
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evaluation. Since placement, the sulfur has oxidized and some sulfuric acid leached into the 
underlying rock pad. The reaction of the acid with these underlying materials has been studied as 
part of an evaluation of the effects of leachate from the pile. The pile was moved in 2018 to a 
lined pad to contain the sulfuric acid. The stability of the resulting reaction products was of 
interest to determine if the rock could react further after removal of the pile due to a reduction of 
natural acid-consuming minerals. 
The rock beneath the pile is composed dominantly of primary and secondary alumino-silicates 
with less than 1% carbonate (calcite) and iron sulfide (pyrite). In its unaltered condition, the rock 
is classified as non-acid generating. Conceptually, it was expected the sulfuric acid would be 
neutralized by the rock to varying degrees resulting in a series of pH-controlled weathering 
fronts progressing from leached near the contact with the sulfur pile (pH 7). 
The rocks underneath the pile were inspected and sampled to determine the extent to which the 
rocks had reacted and their long-term stability after removal of the acid source. Compared to 
reference rock, the altered rock was coated with an iron precipitate. Evidence of alteration was 
observed at least 5m beneath the pile and a dominant flow direction was ascertained. Large rocks 
were sliced and mounted for optical mineralogical characterization. Sulfur forms and acid 
neutralization potential were determined using acid-base accounting. Aqua-regia and four-acid 
digestion followed by ICP-MS analysis were used to determine the reactive versus non-reactive 
concentrations of different constituents in the altered rock and shake flask tests were used to 
estimate pore water chemistry in the samples. It was observed that alteration products consisted 
of Fe-hydroxides/oxides and sulfate minerals. These minerals formed coatings on the acid 
consuming carbonates, possibly passivating them and preventing further reactions. Implications 
of the findings for subsequent management of the waste rock will be discussed. 
 
10:55 AM - Presentation 595056 
Hydrochloric Acid Regeneration from Hydrometallurgical Chloride Salt Wastes — A 
Sustainable Technology 
Maziar Sauber, CanmetMINING-NRCan 
Ahmad Ghahreman, Queen’s University 
Caitlyn McKinley 
 
ABSTRACT Ever-growing global needs for critical metals, such as rare earth elements (REE), 
and base metals, such as copper and nickel, and their environmental impact motivated the pursuit 
of sustainable flowsheets. Regeneration of hydrochloric acid in chloride-based leaching 
flowsheets as a critical unit operation is an example of such endeavours. This study presents an 
efficient hydrochloric acid regeneration method from a magnesium chloride solution waste by 
addition of sulphuric acid in relatively low temperatures. The effects of temperature, initial 
magnesium chloride concentration, amount of sulphuric acid added, and airflow are examined. 
Experimental work are focused on temperatures between 80 and 95 °C, initial magnesium 
chloride concentrations of 2 to 5 M, 100% to 220% stoichiometric sulphuric acid additions, and 
airflows between 200 to 600 mL/min. The developed technology recovers hydrochloric acid at a 
high rate and concentration with a relatively small environmental footprint. 
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E-waste & Recycling - Chair, Krishna Parameswaran 
Meeting Room 18 
2:00 PM - Presentation 599348 
Urbangold Technology - The Solution for an Economical and Sustainable Recycling of 
Electronic Scrap 
Rolf Degel, SMS group GmbH 
Timm Lux, SMS group GmbH 
Stefan Konetschnik, UrbanGold GmbH 
Andreas Filzwieser, METTOP GmbH 
Hans-Jörg Krassnig, PolyMet Solutions GmbH 
 
ABSTRACT Waste electrical and electronic equipment (WEEE) – also referred to as electronic 
waste or e-waste – is one of the fastest growing waste streams, growing at 3-5 % per year in the 
EU. Worldwide, more than 45 million metric tons of WEEE is generated each year. 
 
As a secondary raw material, WEEE contains valuable metals, as there are copper and nickel for 
example. However, its crucial characteristic is the high content of the precious metals gold, 
silver, platinum, and palladium. 
 
Over the past years UrbanGold GmbH (a spinoff of METTOP GmbH) together with the support 
of SMS group GmbH developed a flexible recycling plant, which can recycle almost all kind of 
e-wastes at a high yield for all relevant valuable metals. 
 
The process consists mainly of pyrometallurgical and hydrometallurgical process steps and is 
superior compared to state-of-the-art conventional technology and allows the recovery of all 
valuable metals according to LME grade quality. The pyrometallurgical treatment steps are 
applied to smelt the raw material and enrich the valuable metals in an unrefined copper alloy, 
which is already a marketable product. The subsequent TBRC refining furnace is well known in 
the non-ferrous metals industry, and is designed to allow flexible intermediate process steps. The 
hydrometallurgical plant processes the raw metal to the technical pure metals gold, silver, 
platinum, palladium, copper, and nickel. This field is a sophisticated combination of known 
processes and refining steps and increases the profitability of the overall process. The first plant 
of this innovative technology will be commissioned in Russia. 
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2:25 PM - Presentation 594613 
Fundamental Study on the E-Scrap Recycling Technique Using Alkaline Medium 
Yu-ki Taninouchi, Kyoto University 
Naoki Saito, Kyoto University 
Akihiro Kishimoto, Kyoto University 
Tetsuya Uda, Kyoto University 
 
ABSTRACT Recycling of e-scrap is often performed by utilizing a pyrometallurgical Cu 
smelting process. Several valuable metals, including precious metals, can be efficiently 
recovered through the Cu smelting process. However, recovery of Sn is quite difficult because it 
is distributed in slag during the smelting process. Sn is used as solder and plating in electronic 
devices, and its recycling will be more important in the future. In light of this background, a 
pretreatment process that can extract Sn directly and selectively from e-scrap was developed in 
this study. The proposed Sn extraction process involves alkaline leaching using iodate ions as an 
oxidizing agent. We conducted leaching experiments for Sn, Sn-Ag-Cu alloy solder, and Cu, and 
the effective dissolution of Sn was confirmed. In principle, the electrodeposition of Sn from the 
leach solution and regeneration of iodate ions are possible by a subsequent electrolysis process. 
The results obtained in this study suggest that the proposed leaching process can be an effective 
and useful pretreatment for Cu-smelting-based e-scrap recycling. 
 
2:50 PM - Presentation 594776 
Outotec Solutions for Processing E-Scrap 
Stephen Hughes, Outotec Pty Ltd 
Mikael Jåfs, Outotec (Finland) Oy 
Hannu Johto, Outotec (Finland) Oy 
Janne Karonen, Outotec (Finland) Oy 
Jan Stål, Outotec (Sweden) AB 
 
ABSTRACT End-of-life electrical and electronic scrap material attracts attention as a good 
opportunity for new value creation through efficient metal and energy recovery of such 
materials. On the other hand, the treatment of such wastes becomes increasingly important to 
avoid problems for society and environment. Treating such secondary raw materials faces 
multiple challenges due to their increasing complexity and evolving nature. Processing of these 
complex scrap materials together with recovery of a wide range of valuable metals with a 
combination of pyrometallurgy and hydrometallurgy using Outotec technology is discussed in 
this paper. One key consideration is environmental performance which needs particular attention 
when processing such complex secondary E-waste materials. Outotec has successful experience 
with commercial projects in countries at the forefront of environmental and operational 
standards.  
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Bhavin Desai, Aditya Birla Science & Technology Co. Pvt. Ltd. 
Chandrakala Kari, Aditya Birla Science and Technology Company Private Limited 
Sanjay Sarkar, Hindalco Industries Limited (Unit:Birla Copper) 
Kaushik Vakil, Hindalco Industries Limited (Unit: Birla Copper) 
Divyang Shah, Hindalco Industries Limited (Unit: Birla Copper) 
 
ABSTRACT The gases rich in sulphur dioxide generated as a by-product of smelting and 
converting operations of copper concentrate contain selenium apart from zinc, lead, copper, 
cadmium, bismuth, antimony, and arsenic. The gaseous stream is heat exchanged in waste heat 
boiler, dust collected in electrostatic precipitator followed by cleaning in reverse jet scrubber to 
remove fumes, halogens and fine dust before passing to DCDA Monsanto catalytic converter to 
produce commercial grade sulphuric acid. The gas cleaning section of the acid plant uses water 
to scrub the smelting gases. During scrubbing, precipitated solids, known as sludge, settles at the 
bottom of the reverse jet scrubber containing 30 to 40 wt.% copper and selenium up to 40 wt.% 
selenium. In the existing process, the sludge collected during scrubber cleaning process is 
directly recycled to the smelter for copper recovery. However, the selenium is expected to again 
vaporize due to high oxidation potential during smelting and converting, causing accumulation 
of selenium in sludge.  
In present investigation, a roasting process has been developed to recover the selenium from acid 
plant sludge before charging it to smelter for copper recovery. Selenium is associated with 
copper in acid plant sludge as copper selenide, as determined by X-ray diffraction and electron 
microscopy. Thermodynamic and thermo-gravimetry study revealed that the copper selenide 
phase present in the sludge was amenable to oxidation at 600 °C forming oxides of copper and 
selenium (Cu-Se-O). However, the dissociation of selenium from the copper oxide was made 
possible by sulfatation using sulphur dioxide between 450 to 600 °C, resulting into the formation 
of CuSO4 (s) and SeO2 (g). Lab scale trials were carried out in vertical tubular furnace to 
determine the optimum roasting conditions with respect to roasting time, temperature and molar 
ratio of O2:SO2. Using these optimum conditions, selenium up to 90 wt.% in the form of SeO2 
vapours could be recovered from the acid plant sludge in a large scale commercial roaster. 
Roasted sludge free from selenium and containing oxides & sulphates of copper could now be 
recycled in the smelter for copper recovery. 
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