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Figure 1 Generic Ausmelt Plant

AUSMELT’S COPPER
TECHNOLOGIES ARE BASED
ON THE COMMERCIALLY
SUCCESSFUL AUSMELT TOP
SUBMERGED LANCE (TSL)
TECHNOLOGY.

Ausmelt has supplied its TSL Technology to leading organisations around the world including Anglo American, Rio Tinto, Alcoa, Anglo Platinum,
Vedanta/Hindustan Zinc, Korea Zinc, Aditya Birla, Metaleurop, Anhui Tongdu and Gold Fields. The Technology has been used to produce non-ferrous and
ferrous products from a range of feed stocks including high and low grade concentrates, secondary materials, residues and drosses, precious metal
containing materials, process by-products and municipal waste materials. Twenty-four commercial furnaces have been installed worldwide with a further
eight at various stages of design and implementation. By the end of 2005 Ausmelt copper systems will be in operation in South Africa, India, China, Russia,
South Africa, South Korea and Zimbabwe. Further details on all these plants are available in Table 3, Ausmelt Commercial Plants, at the rear of this
document or at www.ausmelt.com.au.

The cost of copper facilities employing Ausmelt Technology is comparatively low because of its inherent simplicity, flexibility and high energy efficiency.
Ausmelt’s design focus makes best use of these features by minimising the size and complexity of expensive ancillary systems. The non-complex equipment
and arrangement of an Ausmelt system is demonstrated by Figure 1.

The use of low cost furnace innovations results in smaller and less complex gas handling systems, particularly acid and sulphur fixation plants, fuel and
air/oxygen delivery systems and materials and feed handling arrangements. The feed handling systems use standard equipment. No drying
or grinding of materials is required.

Ausmelt takes a “core equipment” supply approach, generally providing only the equipment critical to implementing its technology. This allows clients to
minimise capital expenditure by exploiting “in country” manufacture and supply of general equipment, based on Ausmelt engineering designs.

Continual process and engineering development enables Ausmelt to offer commercially attractive options for most copper-based applications. The critical
process, operational, hardware and engineering aspects of Ausmelt Technology, and the associated advantages and potential benefits to clients are
summarised in Table 1, following Section 2.5.




1 GROWING ACCEPTANCE OF TSL
TECHNOLOGY

Since its invention in the early 1970s, Top Submerged Lance (TSL)
technology has been developed and commercialised globally by Ausmelt to
process a range of non-ferrous, ferrous and waste materials.

With over 34 installations, 14 in copper production, TSL is rapidly gaining
status as “Technology of Choice” in many metals sectors because of its
comparatively low capital and operating costs, and excellent environmental
performance. Figure 2 demonstrates the growing acceptance of TSL
Technology for projects completed since its commercialisation in the early
1980s, where “Other” technologies includes Outokumpu flash technology,
Mitsubishi, Noranda, QSL, Kivcet, Vanyukov and El Teniente.

It is anticipated that with the start-up of plants in 2005, TSL Technology will
have been used in approximately 50% of the plants installed since 1982.

2 AUSMELT TECHNOLOGY FOR
COPPER PRODUCTION

Ausmelt’s portfolio of copper technologies includes:
< Copper concentrate smelting
< Copper matte converting
» Copper/Nickel/PGM converting
» Copper/Nickel leach residue converting
e Smelting/Converting complex copper & precious metal materials

Furnace configurations can be varied to suit the application. Smelting and
converting units can be integrated to produce metal from concentrates or
operate as stand-alone units as either a smelter producing matte or
converting matte to metal or a high value intermediate product. Ausmelt
furnaces can be readily combined with existing or new furnace systems.

PROPORTION OF NEW PROJECTS
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Figure 2
Market Acceptance of TSL Technology




2.1 SMELTING

Ausmelt smelting is a continuous process for the production of matte ,

from copper concentrates and secondary materials. The smelting units | | Busd frecycle]
are robust and can be designed to process in excess of one million ] 8- 25% 50,
tonnes a year of copper material in the current single lance

configuration. Mattes containing up to 75% copper can be produced, Concanirates

depending on the grade of copper materials. The matte and slag Fiux, Reductant Coal . _

produced during smelting are continuously discharged through a weir Racycs Dust =

before flowing via launder to a settling furnace. Convenar Slag

The smelting furnace can also process plant recycles, and be used to
separate volatile, impurity minor elements when complex or low grade
materials are processed.

The intense mixing and resultant gas dynamics within an Ausmelt
smelter make it conducive to processing complex copper concentrates
containing impurity elements such as arsenic, bismuth, antimony, lead
and zinc. Because of the inherent level of gas flushing, tight process
control and low dust generation (< 1%) these volatile elements actively
separate from the molten bath to produce a concentrated dust/fume.
This dust/fume is collected in the offgas system and “bled” from the
circuit to control the level of these impurities.

A schematic image of an Ausmelt smelting unit with the lance

al
submerged is shown in Figure 3. ;IIT:; E.:i:-ﬂjm

Figure 3
Ausmelt Smelting Furnace

Ausmelt’s SMELTING technology has numerous advantages over other smelting
systems, including:
» Low capital cost resulting from simple furnace construction & peripheral < Low copper in smelt slag, typically < 0.6% copper, slag can be discarded
system arrangement » Ability to treat materials containing impurities such as As, Pb, Sb & Bi
» Low operating cost from a combination of low energy consumption, high = Low fugitive & dust emission
availability, minimal maintenance requirements and low manpower needs = High sulphur capture in excess of 98%
« High matte/metal productivity per m3 of bath < High strength sulphur dioxide in off gas > 8%
« Intense mixing, resulting in high reaction rates e Small furnace footprint
« Flexibility to use various fuel types (coal, oil or gas) * Rapid start up/stop
= Ability to produce high grade product from low & high grade materials
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Figure 4
Process Schematic of Ausmelt Continuous
Copper Converting

2.2 SETTLING

An Ausmelt settling furnace can be either electric or fuel heated. The settler
enables physical separation of entrained matte from the slag. Ausmelt settlers
receive matte and slag continuously from the smelter and provide the
necessary buffer from the downstream operations, enabling the smelter to
operate continuously.

Under conventional copper making conditions, slag from an Ausmelt settler
contains less than 0.6% copper. This slag is generally considered ready for
discard and is discharged from the settler through an overflow weir. Matte can
be discharged continuously or intermittently depending on the nature of the
downstream converting operation.

2.3 CONVERTING

Ausmelt converting systems produce high-grade blister copper containing low
sulphur and other impurity levels. Continuous converters are capable of producing
up to 400,000 tonnes a year of blister copper in a single furnace, a major step-up in
available productivity from the conventional, semi-continuous Ausmelt converters,
which are capable of producing up to 100,000 tonnes a year of blister.

Continuous converting produces blister copper in a single stage directly from matte
and removes the need to produce white metal in a batch process (Figure 4), while
the semi-continuous Ausmelt converters use a two-stage process in which:

(i) Matte is oxidised during the matte feeding stage to produce white metal (stage 1)
(i) White metal is then oxidised further to produce blister copper suitable for anode
casting (stage 2)

Ausmelt converters can process molten matte, solid matte or a combination of
both. The high level of bath agitation ensures high energy transfer and oxygen
utilisation. Unlike conventional rotary technologies, Ausmelt converters continuously
process matte through to blister copper with no requirement to stop operation
between stages to add flux or remove slag. Ausmelt converters have higher
availability, with the converter in operation for 90% of the time compared with 40 to
50% for Peirce Smith converters. This means fewer vessels, less maintenance
expenditure and higher energy efficiency per tonne of copper produced.

As with the smelting furnace arrangement, the fixed nature of the converter ensures
excellent sealing between the furnace and off gas system, high sulphur capture in
excess of 98% and low dilution of the off gas stream, resulting in high SO2
concentrations (> 8% SO2 in off gas). Process control systems embedded within
the technology enable operators to achieve elevated levels of product quality
control, within £ 0.2% for Fe and S.




2.4 INTEGRATED SMELTING & CONVERTING

Ausmelt smelting and converting furnaces can be integrated to produce blister
copper from concentrates and secondary materials. Different furnace
arrangements are possible depending on the nature of the feed materials and
the type of settler.

The choice of settler is usually based on the cost of the heating source
available to the client. Although electric settling furnaces offer greater flexibility
in operation, the cost of electric power can prohibit their use in certain
geographic locations.

If a fuel heated settling furnace is preferred, the general arrangement is to link
the smelter and converter directly by launders, with liquid matte charged
intermittently from the settler to the converter, as indicated in Figure 5.
Solidified converter slag is recycled through the smelter to recover the
contained copper.

Electric settling furnaces offer greater control of the operating oxygen
potential. An electric settling furnace still enables the Ausmelt furnaces to be
connected by launder but the relative heights of the furnaces are altered to
allow molten converter slag to flow from the converter to the settler. In this
arrangement granulated or crushed matte is fed directly to the converter. The
key benefit of this flowsheet is that it uses the contained heat in the recycled
converter slag, lowering the overall energy consumption of the entire
operation.

2.5 PROCESSING SECONDARY MATERIALS

Ausmelt Technology also processes a range of high and low-grade copper-
bearing secondary materials to produce black copper, converter grade copper
or copper alloys. The range of secondary materials includes metallic scrap,
alloys, reverts, residues, dusts and other recyclable copper-bearing materials
such as electronic and computer scrap.

The Ausmelt furnace system can effectively treat coarse and fine-sized
secondary materials. Solids fed to the furnace are shredded or crushed, while
fine feeds can be agglomerated to prevent entrainment by offgases before
reaching the slag bath.

Organic and/or halide compounds present in some scrap are broken down
during processing to benign compounds in the slag bath. Conditions in the
furnace offgas are controlled to stop the reformation of harmful dioxin and

furan compounds before exiting the gas handling system.

Dhscaim Slag
sy |G Cud

Figure 5
Ausmelt Integrated Smelting And Converting System

Ausmelt’'s CONVERTING technology has numerous advantages over
other conventional converting systems, including:

« Low capital cost resulting from simple furnace construction & peripheral
system arrangement
» Low operating cost resulting from a combination of low energy consumption,
high availability, minimal maintenance requirements and low manpower needs
» High oxygen efficiencies, > 95%
« Accurate, online end point control
« Excellent quality blister copper production,low impurity and sulphur (<0.1%o) levels
« Liquid or solid feed or mixture of both - can operate independently of smelter
» Very high (>95%) direct recovery of copper from matte to blister copper
« Efficient recovery of S to offgas to levels suitable for sulphuric acid or gypsum production
« Low fugitive emissions - well sealed, stationary reactor
< High converter availability




TABLE 1
ADVANTAGES AND BENEFITS OF AUSMELT’'S TSL COPPER TECHNOLOGY
(A) PROCESS & OPERATIONAL

FEATURES

DESCRIPTIONS & ADVANTAGES

BENEFITS TO CLIENTS

Variability in Feed Materials

Ausmelt systems can treat material of varying quality from high grade concentrates to
low grade residues. Ausmelt systems can also adjust to variations in feed type,
moisture level or concentrate grade, whilst maintaining product quality

Economic treatment of low grade materials

Can adjust smelting operation to suit mine schedule

Able to accommodate variations in ‘life of mine’ ore grade
Exploit concentrate & secondary material supply chain variances
(changing TC/RCs, concentrate purchase costs, etc)

High Reaction Intensity

Ausmelt systems are intensely mixed, with high rates of mass and energy transfer.
This leads to smaller furnaces and lower energy and oxygen consumption per tonne of
copper produced. Energy consumption for a typical smelting operation is approximately
0.4 to 0.5 GJ per tonne of concentrate.

Low operating cost through lower fuel & oxygen consumption

Continuous Smelting & Tapping

Ausmelt smelting systems are generally continuous with uninterrupted slag & matte
removal. Continuous operation helps to increase furnace availability and lance life, and
improve operability. Continuous operation also reduces the size of the furnace by
eliminating the need for additional holding capacity.

Smaller furnace & equipment — reduction in capital cost
Increased total plant availability & productivity
Lower maintenance expenditure

Matte Grade Control

Ability to produce different grade mattes to suit downstream converting operations
and metal refining operations. Mattes ranging from 40 to 75% copper can be
produced from smelting.

Product from Ausmelt operations can be designed to suit new
or existing converting & refining operations.

Copper Converting

Ausmelt's Converting has proven higher productivity than conventional converting. Higher
productivity allows the replacement of multiple conventional converters with one Ausmelt
converter. Ausmelt converters have almost zero off gas dilution levels, with equivalent off
gas volumes 50% lower than Peirce Smith converters. Sulphur capture levels are in
excess of 98%.

Low ‘direct’ cost conversion of matte to blister copper
Proven lower emission levels than P-S converters
Smaller & less expensive offgas handling & acid plant systems

Variable Fuel Types

Ausmelt systems operate successfully on a variety of direct injected fuels including coal,
natural gas and/or fuel oil (heavy or light). A combination of fuel oil/natural gas injected
down the lance with lump coal addition (roof) may suit specific projects and process
requirements depending on fuel availability.

Use lowest cost fuel available to the operation.

Process Control
- low Cu slag
- removal of impurities

Accurate control of the process chemistry ensures low copper levels in the smelt slag,

typically less than 0.6% (Semi continuous converting only, continuous convert slag is recycled).

Manipulation of the process chemistry to separate impurities such as arsenic, lead, antimony
and bismuth from copper containing matte or metal.

Total plant copper recoveries in excess of 98%
Production of high quality matte or metal
Produce a slag that requires no further post treatment

Rapid Start/Stop

Ausmelt furnaces can be easily stopped and re-started to correct difficulties with up and
downstream equipment. Ausmelt furnaces can be stopped instantly and restarted within 5 to
10 minutes. Furnaces can also be put on ‘hold’ at the operating temperature for indefinite
periods using the Standby Heating System.

Minimum furnace downtime and interruption to production
Able to correct faults and re-start operations quickly



TABLE 1
ADVANTAGES AND BENEFITS OF AUSMELT’S TSL COPPER TECHNOLOGY
(B) AUSMELT EQUIPMENT

FEATURES

DESCRIPTIONS & ADVANTAGES

BENEFITS TO CLIENTS

Generation 3 Lances

Ausmelt continues to develop its lance technology and now offers the Generation 3
Lance design. Generation 3 Lances provide:

* Increased production time
» Improved fuel efficiency
» Enhanced turn up/turn down capability

The operational advantages of these modern lances include better system temperature
control, increased plant availability and lower fuel consumption.

Increased total plant availability and productivity
Higher turn down capability

Rapid furnace start and heat up

Lower fuel consumption

Furnace Footprint

Because of its high reaction intensity, an Ausmelt furnace has a relatively small footprint, with
furnaces of 4.4m in diameter capable of processing up to 1 million tonnes a year of concentrates.
The small footprint enables Ausmelt furnaces to be located and constructed within restricted
spaces, and easily retrofitted to existing operations without disrupting production.

Furnaces readily retrofitted to existing operations

Direct Fuel Injection

Ausmelt favours direct fuel injection into the slag bath to maximise heat transfer
efficiency and reduce fuel consumption. It also helps to improve furnace temperature
control.

Lower oxygen & fuel consumption rates by as much as 20%
compared to conventional lump coal addition systems.

Integrated Copper Cooling Panels

Ausmelt’s copper cooling panels can be integrated into the overall furnace and process
design to optimise operations and extend refractory life.

High furnace availability (> 90%) and productivity
Low refractory consumption, 0.3 kg/t of slag

Ausmelt Furnace Seal System

Ausmelt offers a commercially proven furnace sealing system that minimises off gas &
SO2 emissions from the furnace roof, and dilution of off gas by furnace ingress. The
resulting drop in off gas volumes reduces the size of off gas equipment and maximises
SO2 strength to the acid plant.

Lower furnace & ‘in-plant’ emissions
Smaller off gas handling system required, lower cost

Automated Lance Cleaning System

Ausmelt offers an advanced “Inside-Furnace” Lance Cleaning System to remove
encrusted slag from the lance before it exits the furnace.

Reduces operator exposure to hot slag
Improves in-plant hygiene

Ausmelt Expert Systems

Ausmelt offers ‘Expert’ functions as part of its control system, including automated lance
positioning and temperature control and refractory wear monitoring.

Steadier furnace operation
Increased system availability & productivity
Low operating labour requirements

Feed Preparation Approach

The Ausmelt recommended feed preparation system uses standard, non-complex
equipment, including a pugmixer for agglomeration. Agglomeration ensures that the
feed is incorporated into the bath and not entrained in the offgas stream. For typical
feed materials dust levels are less than 1%. As feed materials are charged through the
furnace roof, there is no requirement for expensive drying or grinding.

Low cost feed preparation systems

Low dust recirculation loads & in plant emissions
High direct metal recovery

High system availability & productivity

Integrated Standby Heating System

Ausmelt designs and supplies an integrated Standby Furnace Heating System for all
aspects of furnace heat-up and operation. The Standby Burner system is integrated
with the control functions of the furnace. It is designed to allow rapid start up and
stopping of operation and to minimise thermal cycling of the furnace, critical to
achieving extended refractory life.

Increased system availability & productivity
Reduced refractory consumption
Ability to rapidly start up and stop the furnace



TABLE 1

ADVANTAGES AND BENEFITS OF AUSMELT’S TSL COPPER TECHNOLOGY
(C) ENGINEERING

FEATURES

DESCRIPTIONS & ADVANTAGES

BENEFITS TO CLIENTS

Core In-house Engineering

Ausmelt conducts the design and engineering of all furnaces and associated Ausmelt
systems in-house. This ensures (a) a “built for purpose” design focus and (b)
implementation of improvements into the system being designed.

By maintaining the core engineering group under one roof, Ausmelt is also able to offer
“Fast Track” options to speed up design, procurement and construction, without
compromising on project quality.

Effective assimilation of process, operations & hardware
Ability to Fast Track projects, Ausmelt design & supply delivery
within 12 to 18 months

Effective adoption of improvements into current projects

Diverse Applications

The wide diversity of metals applications to which Ausmelt Technology has been
applied has allowed Ausmelt to develop and improve equipment critical to the furnace
system. As a consequence Ausmelt has the most extensive knowledge of complete TSL
furnace design and detailed engineering.

Access to knowledge and experience from many proven developments.

Demonstrated Rapid
Startup Capability

Ausmelt has extensive experience in plant start ups. The integrated approach applied to
training, cold and hot commissioning and production support ensures smooth and rapid
start up of plants. Ausmelt’s most recent plant in China was commissioned and
surpassed design capacity within 1 month of operation.

Rapid and smooth plant start up
Production of metal/matte on, or in advance of, schedule





















6 COPPER TECHNICAL PAPERS

The following list of selected Technical Papers gives an illustration of the breadth of Ausmelt’s experience in copper smelting. Copies of papers and/or
a full list of Ausmelt published papers are available on request.

Matusewicz R, Sofra J, “Lead smelting, copper smelting and copper converting using Ausmelt Technology”, NMD-ATM ’02, Bhubaneswar, India, 18-21 November 2002

Matusewic R W, Baldock B R, Robert J S, “Ausmelt Technology for Recycling of Computer Board and Other High Value Materials”, European Metallurgical Conference,
EMC 2001, Friedrichshafen, Germany, September 18-21, Vol 2, pp151-163.

Mounsey E N, Baldock B R, Sofra J, “The Development and commercialisation of Ausmelt Technology in Non Ferrous Metals Converting Operations”, Minerals
Processing 2000, President Hotel, Cape Town, South Africa, August 24-25, 2000.

Baldock B R, Short W E, “Australian Technology on the World Scene — Update on Ausmelt Plants and Projects”, MINPREX 2000, International Congress on Mineral
Processing and Extractive Metallurgy, Melbourne, Australia, September 11-13, 2000, p169-174.

Mounsey E N, Li H, Floyd J W, “The design of the Ausmelt Technology smelter at Zhong Tiao Shan’s Houma smelter, People’s Republic of China”. Copper 99 — Cobre
999, TMS Conference. The Pointe Hilton Resort on South Mountain, Phoenix, Arizona, USA, October 10-13, 1999.

Swayn G P, Mounsey E N, “Ausmelt Technology Versatility: The design and operation of the Ausmelt lead smelter and the subsequent development of the unit to
successfully produce copper matte at Tsumeb Smelter, Namibia”. GDMB Conference, 58th Meeting of The Copper Committee, Alpbach, Austria, September 24-25, 1998.

Mounsey E N, Floyd J M, Baldock B R, “Copper converting at Bindura Nickel Corporation Using Ausmelt Technology” 1998 TMS Annual Meeting. Sulfide Smelting '98:
Current and Future Practices. Florida, USA, 10-13 February, 1998.

Sofra J, Mounsey E N, Piret N L, “The Economic and Environmental Benefits of Ausmelt Technology in Secondary Copper Smelting and Converting.” 1997 TMS
Annual Meeting. The Increasing importance of Secondaries and Residues in Primary and Secondary Cu/Ni Smelting: It’s Technical and Environmental Effects. Florida, USA, 9-
13 February, 1997.

Li H, Floyd J M, “Ausmelt Copper Smelting and Converting Technology for Chinese Projects”. The 2nd Annual Conference of China Non-Ferrous Metals Association — Base
Metal Metallurgy Conference, Yunnan Province, People’s Republic of China, 7-12 October 1996.

Floyd J M, “The Third Decade of Top Submerged Lance Technology”. The Howard Warner Symposium on Injection in Pyrometallurgy, Melbourne, Australia, 1-3 July,
1996.

Robilliard K R, Baldock B R, “Treatment of Polymetallic bulk concentrates Using the Ausmelt Process for Recovery of Metal Values”. First Symposium of the
Polymetallic Sulphides of the Iberian Belt — The Portuguese Iberian Pyrite Belt Mineral Resources Industrial Committee (APINMINERAL), Evora, Portugal. 3-6



