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TASMELT

Tasmania Regional Smelting Project

Stage 2 Prefeasibility Study Proposal

Sirosmelt is a high intensity, low capital cost, hollow submerged lance smelting
technology. It was originally developed by the CSIRO. A single plant can be used to
treat one or a variety of feeds. Some twenty commercial plants have been installed
worldwide.

A 1998 Scoping Study by Encore Metals NL evaluated and confirmed the commercial
merits of constructing a Sirosmelt based regional smelting facility at Zeehan, Western
Tasmania - TASMELT.

The study examined the recovery of zinc and other valuable metals from the 450,750
tonne 13.4% zinc Zeehan slag dumps and thereafter from a variety of other potential
feeds sourced from the West Coast of Tasmania.

The study concluded that:

1. TASMELT was a viable value-adding project with relatively low technical and
commercial risks if feeds additional to the Zeehan slags could be secured to
ensure a minimum 10 year life.

2. there is a high probability that additional feeds could be obtained.

3. the Zeehan slags fUlly underwrite project capital costs and provide an excellent
commissioning and back-up feed between treatment campaigns on other West
Coast sourced materials.

4. an operation could be established for a relatively low initial capital cost, with
incremental capital additions justified on a feed-by-feed basis.

5. the infrastructure, political and commercial environment in Tasmania and its West
Coast region was extremely conducive to establishing the project.

ExclusiVity - Renison Bell Tin Tailings and Middlings

The West Coast of Tasmania is a world ranking mining province hosting several
major, mature working base and precious mines. There are also several
undeveloped sub-economic mineral deposits a number of which would benefit greatly
from a regional smelter.

Of particular interest to TASMELT as potential feeds are:

• reconcentrating tailings dams at operating or closed mines
• reconcentrating current tailings arisings at operating mines
• removing recirculating middling streams from concentrators
• marginal in-situ tin resources
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The Murchison United NL owned Renison Bell tin mine tailings resource has been ranked
first of several resources that would double project life to more than 10 years.

A Letter of Agreement between Encore and Murchison United NL provides Encore with
exclusive rights to evaluate the Renison Bell tin tailings and middling concentrate streams.

There are three tailings dams at Renison Bell. Dams A and B contain a combined 5.2 million
tonnes of tailings and 23,000 tonnes of tin metal. Dam C is operational and contains some
10 million tonnes of tailings and 40,000 tonnes of tin metal.

Differentiating Technical and Commercial Advantages

A differentiating and fundamental advantage of TASMELT is that it requires the delivery of
only 'rough' or 'dirty' concentrates for processing in its smelter. These are much easier and
considerably cheaper to produce.

Without TASMELT, the only option available to mine operators wishing to recover metals
from tailings is to produce a high-grade concentrate for direct sale. The inherent nature of
the tailings means that a high grade is almost impossible to achieve and, if it were, would
entail considerable metal loss rendering the exercise uneconomic.

Financial Returns

A preliminary financial model has been constructed to provide a framework for an evaluation
of the combined Zeehan and Renison Bell materials. The input of current available data
shows that for an initiai capital cost of $18.0 million (with additional incremental capital
requirements funded from cash flow) and LME zinc and tin prices of US$970 and US$5,200
respectively, TASMELT has a pre-tax NPV of $25.6 million and an IRR of 35% over its
initial 12 year operating life. This is inclusive of the smelter running at significantly less than
full capacity following the depletion of the Zeehan slags resource in year 6. The options for
utilising this available capacity will be developed during Stage 2.

Proposed Operating Regime

Commissioning material and first year's production will be sourced from the Zeehan slags.
This will be treated in a 112,500 tonnes per annum smelter designed to fume Zeehan slags
and Renison Bell tin concentrates. A three-month tin fuming campaign will then follow. This
will treat the first stockpile of tin concentrates accumulated by a dedicated 500,000 tonnes
per annum concentrator using current Renison Bell tailings arisings. Alternating zinc and tin
fuming campaigns will then take place.

In year three the tailings concentrator will be upgraded to 1,000,000 tonnes per annum to
take a mixed feed of current tailings arisings and material from A and B dams. Campaigns
will continue until the zinc slags are fully depleted in year six whereupon tin only fuming will
continue. The available smelter capacity can be taken up by a third feed material and/or by
bringing forward a year nine scheduled increase in tin tailings concentration capacity to
1,500,000 tonnes per annum.

The preliminary financial model takes a conservative view. It defers the use of excess
capacity until year nine to coincide with the current planned end of life of the Renison Bell
mining operations and the availability of C dam material.
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Site Options

The preferred site for the smelter is currently at the Zeehan slags site, 3 kilometres south of
the Zeehan township.

Basing a regional Sirosmelt plant at Zeehan has a number of advantages:

• feed slag does not have to be transported or stockpiled
• it is only twelve kilometres from Renison Bell
• discard slag does not have to be transported to a dump site
• minimum infrastructure is required
• water is readily available
• there is no requirement to purchase or lease land for the plant
• environmental impact is minimised

Stage 2 - Prefeasibility StUdy

Stage 2 implementation will advance the project at a cost of $400,000 over a period of 6
months through to a decision to commence Stage 3 - a full feasibility and implementation
study.

It will address optimisation of the zinc slag smelter models. preliminary concentration and
smelter testwark on Renison Bell tailings, plant design and process optimisation, operating
and capital costs to +/- 20%. zinc and tin fume marketing options. commercial, environmental
and regulatory issues.

Conclusion

Stage 1 has confirmed that TASMELT presents a viable opportunity to build a regional
smelting facility on Tasmania's West Coast.

In addition to the benefits accumulating to Encore. TASMELT:

• will provide attractive additional revenue and operational benefits to owners of West Coast
resources targeted for processing,

• provide new options for integration into active and proposed environmental management
plans inciuding the re-establishment of tailings dams in accordance with current best
practise.

• will create 45 new skilled and semi-skilled jobs.

• will provide an accessible Australia based showcase for Sirosmelt technology.

• allow several marginal in-situ and secondary resources to be reconsidered for mining and
re-treatment.

The securing of an exclusive right to evaluate the Renison Bell tailings and middlings as an
additional project feed completes the criteria for progressing to Stage 2.

Stage 2 will address in detail a majority of the technical and commercial issues associated
with project implementation. This work will enable a decision to commence Stage 3. a full
feasibility and implementation study, to be made.



Af"Il\ J'Z.lt osoF-,
5Soso,?of'l

487006

5cm

:-,..g (9- .-'....... ...........---- ~

,...

n. ' for

,"'. I,<e'

'TASMANlA-"

·4"

•••

"l"'G. S810so f.,
"\Cl~"- ~H~"';"--"'+ SZ38os0N

AMG REFERENCE POINTS ADDED



••••
•••
•••••••••••
•••••

DISCLAIMER

This document contf1ins confidentif11 informf1tion f1nd proprietf1ry concepts. It is f1
condition, ref11 f1nd implied, thf1t the ref1der is required to respect this informf1tion f1nd
to not divulge any such information to third parties.

Nothing in this document is to be reproduced, transmitted or discussed with any third
party at any time except with the express prior written permission of Encore Metals
NL.

Any such prohibited reproduction, transmission or discussion will be considered a
material breach of confidentiality.
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10,100,000 ordinary shares of $0.001 each, fUlly paid

ENCORE METALS NL

CORPORATE DIRECTORY

Stephen Stone a.Se.(Hons), M.Aus.IMM, MIMM, G. Eng. , FAlCO
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Baraeus P/L ATF The Brooks Family Trust

Steven Gilman ATF The Gilman family Trust

Stephen Stone ATF The Pearlstone Family Trust

Share Register:

Issued:

SHARE CAPITAL

ACN 084358 814

Tel. 08 93804564
Fax. 08 9380 6564

7 Chester Street,
Subiaco,
WA6008

Company Secretary

Registered and Principal Office

Stephen Stone

Directors:
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Steven Gilman

Mr. Gilman (43) is a major shareholder in and director of Encore and is primarily
responsible for the technical development of TASMELT.

Encore Metals NL - February 1999

In addition to Encore he is currently involved in the reorganisation and development
into an industrial minerals company of Talon Resources NL, where he is Executive
Chairman.

He has over 20 years international hands-on operating and management experience
in the mining industry. He was most recently Group Operations Manager - Australia
RGC Mineral Sands Limited and was responsible for the management and continual
development of several large Australian mining operations. He has managed mining
and extraction operations in the USA and Australia and in Africa gained broad
experience at large copper smelters and acid plants. In addition to his vaiuable
smelting and operations experience he also brings to the company experience in
dredging operations which will be important in tailings dam operations.

He trained as a mining geologist and has over twenty years varied international
hands-on operating and management experience in the mining industry. The last 12
years have been spent in Australia where he has been partiCUlarly involved and
successful in the formation, financing, management and development of junior
resource companies and their projects. In this capacity he has held a number of chief
executive positions at public companies including Dragon Mining NL (11 years) and
Marlborough Gold Mines NL (3 years).

KEY PERSONNEL

Stephen Stone

Mr. Stone (43) is the originator and initial seed financier of the TASMELT concept.
He is primarily responsible for the long term direction and day-to-day management of
the company.

TASMELT - Information Memorandum••••
•••
••••
••••••••••••
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The prefeasibility study cost over $300,000 and comprised:

• Financial modelling, optimisation studies and base case derivation.

• Resource estimates by Resource Services Group Ply Ltd of Perth.

Encore Metals NL - February 1999
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• Preliminary cost estimation and market studies by Pyrosmelt NL for leach
processing of raw zinc oxide fume.

Project Background and Concept

• Slag fuming optimisation models by Ausmelt Pty Ltd, plus mass and energy
balances for the process, operating and capital costs estimates to +/-30% for a
variely of plant throughputs and furnace configurations.

• Independent checks on these by BHP, including detailed plant description and
engineering design.

The Zeehan project was placed on hold when the zinc price and exchange rate
moved unfavourably.

• A preliminary Environmental Scoping Study by BHP Engineering Consultants Pty
Ltd, Perth for submission to the Tasmania Office of Environment (now called
Dept. of Environment and Land Management - DELM).

• Dump surveying, extensive drilling. sampling and assaying.

A financial optimisation model selected a 15 tonnes per hour (112,500 tonnes per
annum) single furnace plant producing 20,650 tonnes per annum of raw fume as the
base case.

A 1991 prefeasibilily study by Pyrosmelt NL and BHP Engineering Consultants Ply
Ltd considered on a stand-alone basis the reprocessing of the old Zeehan slag
dumps. These are a legacy of lead-silver smelting from the turn of the century.

TASMELT -Information Memorandum•••••••
••••••••••••••••
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1998 Integrated Zeehan Slags Prefeasibility and TASMELT Seoping Study

This study re-examined, updated and extended the 1991 study to account for the
treatment of additional feed materials sourced from the West Coast of Tasmania.

It concluded that it was now more likely that a commitment to a long term, viable,
regional smelting facility could be justified. Its key points were:

•••••••••

1.

2.

3.

4.

5.

TASMELT was a viable value-adding project with relatively low technical and
commercial risks if feeds additional to the Zeehan slags could be secured to
ensure a minimum 10-year life.

there is a high probability that additional feeds could be obtained.

the Zeehan slags fully underwrite project capital costs and provide an
excellent commissioning and back-up feed between treatment campaigns on
other West Coast sourced materials.

an operation could be established for a relatively low initial capital cost, with
incremental capital additions justified on a feed-by-feed basis.

the infrastructure, political and commercial environment in Tasmania and its
West Coast region was extremely conducive to establishing the project There
is strong State Government and community support for responsible
development on the West Coast

••••••••••••

In addition to these points TASMELT:

• will provide attractive additional revenue and operational benefits to owners of
West Coast resources targeted for processing,

• provides new options for integration into active and proposed environmental
management plans including the re-establishment of tailings dams in accordance
with current best practise.

• will create some 35 new skilled and semi-skilled direct jobs.

• will provide an accessible Austraiia based showcase for Sirosmelt technology.

• may be replicated in other mining regions of the world.

It also confirmed that basing a regional Sirosmelt plant at Zeehan has a number of
advantages:

• Feed slag does not have to be transported or stockpiled
• Discard slag does not have to be transported to a dump site
• Minimum infrastructure requirements are required
• Water is readily available
• There is no requirement to purchase or lease land for the plant
• There will be minimal impact on the environment
• The site is relatively remote from major settlement

- 6 -



A differentiating and fundamental advantage of TASMELT is that it requires the
delivery of only 'rough' or 'dirty' concentrates for processing in its smelter. These are
much easier and considerably cheaper to produce.

Encore Metals NL - February 1999••••
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Without TASMELT, the only option available to mine operators wishing to recover
metals from tailings is to produce a high-grade concentrate for direct sale. The
inherent nature of the tailings means that this is almost impossible to achieve without
a considerable metal loss occurring and rendering the exercise uneconomic.

Rights to Renison Bell Tailings.

Obtaining a second material for TASMELT was critical to Stage 2 proceeding.

In this regard Encore has obtained exciusive access to evaluate the Renison Bell
tailings and middlings stream. This arrangement also includes exciusivity in
negotiating commercial terms for the reprocessing of these materials.

It was not appropriate for either Murchison or Encore to formalise any terms for the
taking and reprocessing of Renison Bell tailings or middlings as the value of these
materiais and the relative benefits accruing to either party have not yet been
determined

TASMELT will not only generate additional revenue for Renison Bell but will enable it,
amongst other things, to:

• enhance its environmental management plan in respect of tailings dams A and B
by providing it with an opportunity to replace any retreated tailings in a manner
according to current best practice.

• Consider the removal of recirculating middling streams and the simplification of
the existing concentrator circuit.

• Consider the use of spent tailings and/or slag for use as mine fill.

- 7 -
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Elevation

150 - 200m AHD

Road Access

Adjoins Zeehan to Strahan sealed roadway

487017
Encore Metals NL - Febnuary 1999

Site Data

Water

No town water at site
Austral Creek adjacent

Little Henty River 1.5km east

Power

None at site
Can be lined in

Temperature Range

-2°C in June, to 25°C in February

Communications

Post at Zeehan
Courier via local agents

Telecom at Zeehan
No service at site

Nearest Principal Town Sites

Rosebery 24km NE
Queenstown 40km SE

Burnie 150km NNE
Hobart 295km SE

Air Services

Infrequently used strip at Zeehan
Scheduled services to Burnie, Launceston and Hobart

Charter flights from these and into Strahan

Location

Tasmania Smelting Co. Site, Zeehan, West Coast of Tasmania
2.5km SSE of Zeehan township

Latitude 41.53S
Longitude 145.20

Rainfall

17mm in January to 265mm in Juiy. Total mean per year of 2446mm

Rail Access

Emu Bay railway from Burnie terminates at Melba Flats 12km NW of site

TASMELT - Information Memorandum••
•••••
••••••••••••••••
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SECTION C

TECHNICAL OVERVIEW
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Zinc and Tin Fuming Using Sirosmelt Technology

'Fuming' is a common and well-established smelting practice where valuable metals
are volatilised and collected outside of the furnace, usually as an oxide.

••••

TASMELT - Information Memorandum
48'/'019
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Sirosmelt is a furnace technology that has particular application to fuming. It is a
submerged combustion process where process air and fuel are injected under
pressure below the surface of a liquid bath via a specially designed hollow steel
lance.

The injection lance is cooled by the process air flowing down through it. A protective
coating of solid slag is allowed to build up on the end of the lance. This allows it to
be inserted deep into the molten material without damage.

Process gases are delivered deep into the slag to create active turbulence that
promotes rapid chemical reactions, good fuel efficiency and a high throughput
capacity relative to the furnace size.

Combustion of the fuel within the molten material provides the heat for the reduction
reactions and encourages fast, efficient and very controllable reactions. New feed
and reductant are added in lump form through a port in the top of the furnace. These
additions are rapidly consumed in the slag bath due to the intense stirring of the bath
by the submerged injection of air.

TASMELT Application

Some 25 Sirosmelt based operations now operate worldwide. It is regarded as a well
proven, relatively low capital cost versatile smeiting technology. Its advantages
include high thermal efficiency, high productivity and the ability to accept a wide
range of feed materials. Smelting takes place in highly controlled conditions and in a
relatively clean, hygienic and compact environment.

Commercial smelters have been installed using Sirosmelt for copper, zinc, lead and
tin production. The basic furnace and support infrastructure is sufficiently common
across these applications that campaign smelting a variety of different metal
feedstocks is feasible.

Zinc fuming is a well-established industrial process and the suitability of Sirosmelt
has been demonstrated on a large commercial scale.

Furnaces can be configured to work on a batch or continuous basis and in parallel
with another furnace. Coal, diesel or gas can power the furnace. TASMELT is using a
coal-powered facility.

Sirosmelt plants range in size from a few tonnes per hour throughput up to 30 tonnes
per hour. Commercial plants have been operating since 1978.

TASMELT Phased Smelter Development Concept

A key difference from previous smelter proposals Is that TASMELT intends to put this
versatility into practice. It will alternate campaigns of zinc fuming using the Zeehan
slag material and tin fuming using Renison Bell reconcentrated tailings.

- 10 -
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In order to avoid cross contamination of the metal products. campaigns will be
constructed around the normal refractory maintenance cycles, and there will be two
fume cooling and collection circuits.

Because the tin fuming will be accompanied by a more significant sulphur content in
the feed. it will also be essential to install gas cleaning sUlphur recovery equipment
prior to the first tin campaign.

The modular nature of the proposed furnace will enable multiple units to be installed
around a common infrastructure in the event sufficient volumes of feedstock
eventuate from the large number of potential sources identified in the region.

Technology Licensing

Sirosmelt is marketed by two companies who pay a licence fee to the CSIRO, the
original developer. These are MIM Limited under the name Isasmelt and Ausmelt
Limited under the name Ausmelt. Ausmelt has recently sold its rights to market the
technology in respect of zinc smelting and fuming to Korea Zinc Limited which
operates two zinc fuming plants

The technology is made available to users on a sub-licensing basis, generally in the
form of an upfront cash fee. In addition the licensees provide a package to the client
that generally comprises:

• process design
• basic and detailed engineering design
• certain prefabricated equipment specific to the technology such as lances and

lance handling equipment, control systems and instrumentation
• site supervision during construction and refractory installation
• cold and hot commissioning services

Encore has not entered into an arrangement with either of the providers. As part of
Stage 2 it will evaluate these alternatives.

- 11 -
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Resource Estimation

Origin

Ownership

48?021
Encore Metals NL - February 1999

All samples remain stored in a shed at Zeehan.

Selected samples (16) were assayed for an extensive range of other elements

One metre samples (375) and duplicates (10%) were collected and assayed for zinc,
lead and silver.

Thirty-six air core holes were drilled in September 1990 by Wallis Drilling on two 20
metre x 20 metre grids.

The smaller north dump comprises a platey slag whilst the larger south dump
contains platey slag on top of a smaller volume of finer grained granular slag. Both
materials are suitable for feed into a Sirosmelt furnace

The Zeehan dumps comprise two distinct adjacent resources called the North and
South Dumps.

Production occurred first between 1898 and 1914 when the greatest amount of are
was smelted. It continued intermittently until 1946. Only remnant site foundations,
rusted boilers and the residual slag dumps now remain.

The slags are residual materials from turn of the century lead-silver are smelting. In
those days no process was available for the removal of any zinc present in the are
feed. It therefore reported to the slag.

The dumps have been surveyed by Pasminco and drilled to bedrock in order to
generate an accurate volumetric estimation. This is stored on Surpac and Micromine
software.

The Zeehan Resource

These contain a combined 450,750 tonnes of slab and granular form slag averaging
13.4% zinc, 1.7% lead and 54 grammes per tonne silver.

There are two adjacent slag dumps at Zeehan on the West Coast of Tasmania.

Encore Metals NL has extended to March 18th 1999 at a cost of $50,000 a 6 month
$100,000 option to purchase from Pyrosmelt NL its interest in the dumps (inclusive of
the option extension fee). It is also required to pay a 5% net profits interest. This NPI
is oniy payable after the repayment of all capital and direct finance costs.

Pasminco Limited, the original owner of the dumps, by virtue of a Licence Agreement
between it and Pyrosmelt NL, has a 5% net smelter return interest in the project.

The Zeehan dumps are situated on Retention Licence 9603 now held by Dragon
Mining NL wholly owned subsidiary, Pyrosmelt NL.

TASMELT -Information Memorandum•••••••••••••••••••••••
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Specific gravity measurements averaged 3.65 but a bulk density of 3.00 was used to
estimate tonnage. This allows for possible cavities but is considered conservative.

No further drilling is considered necessary at Zeehan. Subject to the project being
shown to be economic. the resources can be transferred into the reserve category as
defined by the AuslMM Code for the Reporting of Ore Reserves and Resources.

Resource Services Group of Perth completed an estimation of the resources in each
dump. This extended to grade contouring and block modelling to facilitate the
construction of optimum production schedules.

48',02:Z

54

52

62

Silver 9ft

1.71

1.69

1.85

Lead %

Encore Metals NL - February 1999

13.36

10.83

13.92

Zinc %Tonnes

81,150

450,750

369.600

Total

North Dump

South Dump

TASMELT - Information Memorandum•••••••••••••••••••••••



Element Level

Zn 13.64%

Pb 1.72%

Ag 54ppm

Cu 2238ppm

Bi 100ppm

Ni 81ppm

Co 63ppm

Au 0.138ppm

Cd 4.9ppm

5 3.33%

Ge 9.51ppm

CaO 11.35%

Si02 19.96%

Fe02 32.08%

Ab0 3 3.78%

MgO 1.30%

LOI 4.74%

As 350ppm

5b 380ppm

5n 384ppm

Na20 0.07ppm

K20 0.56%

MnO 7.46%

P20 S 0.12%

Ti02 0.17%

•••••••
•••••••••••
•••••

TASMELT -Information Memorandum

Slag Analysis
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Additional Feed Materials

The West Coast of Tasmania is a world ranking mining province hosting several
major mature working and dormant mines within a belt of less than 100 kilometres.

A number of potential and suitable feed materials especially suited for integration into
the project are located on the West Coast. These include:

• Re-concentrated Renison Beli tin tailings (A and B historical dams. Possibly part
or eventually whole of live C dam)

• Current mill tailings arisings
• Renison Bell concentrator middlings
• Renison Bell primary tin concentrates

48'1'024
Encore Metals NL - February 1999TASMELT -Information Memorandum•••••••
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• Re-concentrated Rosebery zinc tailings
• Rosebery concentrator middlings and other circuit by-products

• Re-concentrated Hellyer tailings

• The in-situ Zeehan and Queen Hill tin deposits.

• Several other in-situ West Coast tin deposits such as Mt. Bishof, aliuviai deposits
such as Lafferty's and various tailings stockpiles.

• Several in-situ zinc-lead-silver resources such as Oceana and Comstock.

Phased Smelter Development

The initial smelter operation will produce a raw fume containing zinc and other
volatiie metal oxides. It also provides the majority of the hardware required for the
introduction of campaign smelting of a variety of feeds.

The initial smelter can be easily adapted to new feeds in a modular fashion as these
opportunities present themseives.

Tailings Resources

These present some of the preferred material sources for processing, as they are
readily accessible.

Most of these types of resources have been fully evaluated by previous or current
owners. Much of this evaluation has focussed on the need to produce a high-grade
concentrate. Metal recoveries have consequently been low and revenues
inadequate.

•••••

The Sirosmelt based TASMELT concept enabies tailings derived concentrates of
much lower metal content and specification to be produced. Metal recoveries are
high and much greater revenues are ultimately realised. This is not an option
currently available to mine owners and is a fundamental and differentiating feature of
TASMELT.

TASMELT wili provide an opportunity for mine owners to:

• realise value for tailings resources,

- 15 .
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• consider using by-products as mine fill,

• reduce the potential for and liabilities arising from acid water drainage, and

• re-establish selected dams in accordance with current best practice.

Primary and Middling Concentrator Streams

Concentrators at working mines such as Renison Bell and Rosebery also create and
have to contend with difficult and costly middling streams. This material continually
re-circulates in concentrator circuits and reduces effective throughput capacity.
TASMELT may enable a proportion of these middling streams to be removed.

In the case of tin, middlings and primary concentrates can contain high iron and
sulphur that lower tin recovery ahead of the traditional smelting process. The strict
quality control required to reduce iron and sulphur in tin concentrates inevitably
causes metal loss.

Tin sulphide matte fuming by Sirosmelt can produce high-grade tin oxide suitable for
further refining and importantly without the inherent concentrator metal losses due to
the presence of iron and sulphur.

- 16 -
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These will be implemented at Zeehan as follows:

There are six essential stages in the production of the raw zinc oxide fume:

Slag Preparation

/I n ,~; () n f
Encore Metals NL - Februaryffi~ , . ,.; ,

• Slag preparation

• Slag smelting

• Slag reduction

• After burning

• Gas handling

• Slag handling

• Furnace stand-by

The ore and coal (+1 mm to 1Omm) with a moisture content of approximately
2% is directly fed into a porthole at the top of the water cooled cylindrical
shaped Sirosmelt furnace, via a bucket elevator.

The slag than passes to the crushed slag bin via a conveyor, bucket elevator
and another conveyor. Crushed slag and reductant coal will be weighed and
apportioned onto the feed conveyor on the basis of slag zinc content.

Slag will be recovered from the dumps by front-end loader and delivered to
the dump hopper along with the required coal. A grizzly will remove lumps
over 300mm and a crusher will reduce the slag to -40mm

Process Description

The proposed plant will be designed in modular form. The furnace will operate at 15
tonnes per hour to treat 112,500 dry tonnes of feed per annum.

Raw Zinc Fume Production

Further modification can be made in a staged approach to cater for other feed
materials. Partitioning of zinc and lead may be accomplished with relatively minor
additional capital expense. The nature of future feed materials may dictate that a
second parallel furnace is added whereby smelting and reduction can take place
separately.

The 1991 study considered single and dual furnace configurations. A single furnace
configuration was recommended and is also the preferred configuration for the Stage
2 study. Smeiting and reduction are carried out in the same furnace. This simple
configuration reduces commissioning risk and, with appropriate design
accommodation, still provides for future expansion.

Raw zinc oxide fume is produced by the continuous smelting and reduction of zinc
furnace slag using the top submerged lance based Sirosmelt technology.

TASMELT -Information Memorandum•••••••
••••••••••••••••
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Slag Reduction

As the iance is lowered above the molten slag a solidified layer of slag
encrusts and builds up on the outer surface of the lance. This layer provides
the protection required from the molten slag.

At the top of the lance there is a third concentric tube that extends only part
way down the lance. This allows the entry of the after burner air to the
furnace. This air cools the top portion of the lance and also provides oxygen
for the after burner reactions.

A bed of molten slag remaining from the previous batch helps maintain the
necessary temperatures in the furnace for the commencement of the next
smelt cycle. Additional energy is provided by the combustion of fuel with air in
the lance with smelting taking place at around 1300°C.

4. f; 1"""10 n r"'J
0' ,,;,

The lance consists of two annular tubes. Finely ground coal is pneumatically
conveyed down the inner tube. Combustion air Is carried in the annulus
between the inner and outer tube. The combustion air acts as a coolant for
the lance and is assisted by swirlers located in the annulus between the inner
and outer tUbe.

This step removes most of the zinc from the slag.

Slag Smelting••
•••

•
••
•••••••••••••

Combustion conditions are finely controllable. The lump coal provides
reducing conditions in the slag.

Zinc oxides, lead oxides and silver are reduced and volatilised.

The reduced metals are removed from the bath by the intense stirring and
flushing action of the process gas.

After Burning

Immediately above the bath the metals are rapidly oxidised by supplementary
air added through the top of the lance. The oxidised fume then passes out of
the top of the furnace, into a cooler and is collected in a baghouse.

Gas Handling and Fume Collection

The fume and off gases are drawn off the furnace through a refractory lined
duct. This gas can have a temperature of up to 1700°C and is cooled by
water in a gas cooler. The cooling water is sprayed into the gas stream at the
top of the cooler, the evaporation of the water providing the cooling to reduce
the temperature to about 200°C.

The baghouse will collect the metal oxide fume at its bottom. The off-gas
exiting the baghouse will comprise mainly N2, CO2 and water vapour and will
be discharged into the atmosphere via a stack.

- 18 .



Coal

Furnace Stand-by

The key process inputs are:

Slag Handling

48'1028
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Wt%
60.9
32.6
3.14
0.99
0.72
1.32
0.11
0.89
0.12
0.05
0.31

Ad Wt"/o
5.0

23.2
28.8
48.0
0.43
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Ash Analysis
SI02

AI20 3

Fe203
CaO
MgO
Ti02

Na20
K20
P205
Mn30.
S0 3

Proximate Analysis
Moisture
Ash
VM
Fixed Carbon
Sulphur
Phosphorous

There is a requirement for 32,000 tonnes of coal per annum of which 24,000 is for
fuel and the balance for reductant. The size fraction required is +10mm - 25mm. It
is the single largest operating cost. Several sources within and outside of Tasmania
are available. The base case has considered Merrywood Coal.

Coal is the preferred fuel source and is also required as a reductant. The alternative
of diesel is more costly. Gas is not currently an option at Zeehan.

Process Inputs

Final slag is tapped via a water-cooled tapping block or weir into a launder
and into a water granulation system.

The fume can then be agglomerated in a pug mill by mixing it with a
controlled amount of water to form between 1mm and 6mm diameter pellets.
It is then discharged into a bagging station ready for transport.

This occurs when the furnace for various reasons is not smelting or reducing
such as during slag tapping or during minor disruptions. The furnace is kept at
the required operating temperature by the addition of coal.

Most of the fume is collected in the baghouse but some will also report to the
base of the evaporative cooler.

TASMELT - Information Memorandum•••••••
••••••••••••••••



Central Services

Power

Plant Availability

Compressed Air

48'1'029
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• Plant manager x 1,

• Senior metallurgist x1

• Shift leaders x 4

• Plant operators x 12

• Electricians x 2

• Mechanics x 4 (one per shift crew)

• Laboratory technicians x 2

• Senior chemist x 1

• Instruments engineer x 1

• Boilermaker x 2

• Administration Manager x 1

• Support staff x 2

·20 -

The total personnei requirement for a smelter operating 24 hours per day, 7 days per
week will total 33:

Manning

Availability is expected to be about 85% and allows 7,500 hours per annum operating
time on a continuous 3 x 8-hour shift, 7 days per week. The balance is accounted for
by general maintenance, unplanned breakdowns and stoppages plus annual
refractory relining.

Compressed air at 300kPa from the compressor is required by the lance for
combustion of the fuel and for afterburning.

The region is well serviced by contracting companies able to take on a wide range of
maintenance, site, transport activities, assay and laboratory services. This will enable
a significant reduction in capital and labour costs to be made.

Power would be run in through a dedicated line from the Zeehan township.

Other Operating Issues

The planned facility is not a large power user although this is an important input.

The possibility of oxygen enrichment at Zeehan was dismissed by the 1991 Pre­
feasibility Study. However, recent commercial scale experience and advances in this
area warrant that it should be reconsidered in any new study as a means of reducing
operating costs for only a relatively small increase in capital.

Oxygen Enrichment

Oxygen enrichment generally increases the efficiency of the fuel combustion process
so that throughput can be increased. Alternately it may allow a smaller furnace to be
built with a commensurate saving in capital cost.

TASMELT -Information Memorandum•••••••••••••••••••••••



Given the availability of a skilled permanently housed workforce at Zeehan and
generally on the West Coast it is most likely that many of the above will be contracted
in on a more cost effective basis. The total permanent dedicated smelter work force
is therefore expected to be and has been costed at 25. This will increase to 35 when
the tin tailings concentrator becomes operational.

••••
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Water

The plant will reqUire some 400,000 tonnes per annum of process water for furnace
cooling, slag granulation, evaporative gas cooling and site dust control.

There will be a recirculating water load for slag granulation and furnace cooling which
will pass through a cooling water pond to reduce make up requirements from other
sources.

A weir, headworks and power will be required.

There is expected to be a net loss of water in the order of 55m3/hr with the major
consumer being gas cooling.

Water will be abstracted from Austral Creek, which flows adjacent to the site. An
alternative is the larger Little Henty River, 1.5km to the east.

Austral Creek was the water source for the original smelters, which used three steam
driven pumps to lift water to head tanks above the smelter complex.

Refractory Reline

Under normal operation a full refractory reline will be required every year with a
partial reline possibly every six months. Smelting campaigns will be scheduled to
coincide with these events although stockpile accumulation rates will have some
impact on reline timing.

Stage 2 - Zeehan Slags Technical Programme

Stage 2 work proposed on and specific to the Zeehan slags comprises:

• Final process flow sheets and mass balances.
• Energy balances.
• Updating and optimisation of Zeehan slags smelting model, operating and capital

costs.

No pilot plant smelting testwork is proposed during Stage 2. To the extent that any
smelting testwork is required, this will be undertaken during Stage 3 and will primarily
be for the purpose of product marketing and process environmental certification.

- 21 -
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Major Equipment List

(Zeehan dedicated smelter only)

Qty Capacity Power (kW)

1 CIVIUSITE WORKS

1.01 Earthworks
1.02 Drainage
1.03 Concreting

2 FEED HANDLING

2.01 F1 Slag Crushing Plant 50 tlh 50.0
2.02 F1 Slag Transfer Conveyor 10 m 25 tlh 7.5
2.03 F1 Slag Feed Bin/Feeder 50 t 25 tlh 12.0
2.04 F1 Reductant Coal Feed Bin/Feeder 10 t 2 tlh 7.5
2.05 F1 Elevator Conveyor 20 m 25 tlh 10.0
2.06 F1 Rotary Valve 25 tlh 1.0
2.07 F1 Feed Chute 25 Uh

3 SIROSMELT FURNACE(S)

3.01 F1 Furnace Shell & Gas Offtake
3.02 F1 Furnace & Gas Offtake Refractories 2 sets
3.03 F1 Water Cooled Copper Blocks
3.04 F1 Sirosmelt Lances 1 + 3
3.05 F1 Lance Flexibles 3+3
3.06 F1 Lance Hoist 2 t 5.0
3.07 F1 Lance Maintenance Hoist 1 t 2.0
3.08 F1 Stand-by Burner 8 GJ/h
3.09 F1 Over Flow Weir
3.10 F1 LaunderlWeir Burners 4 2 GJ/h
3.11 Operating Decks
3.12 Support Structure
3.13 Slag Granulation Launder 10 rn
3.14 Slag Granulation Pit 36 rn'
3.15 Tapping Equipment

4 GAS HANDLING

4.01 F1 Gas Cooier 44000 Nm'/h 7.5
4.02 F1 Baghouse 85000 Nm'/h
4.03 F1 ID Fan 85000 Nm'/h 180.0
4.04 F1 Stack 25 m 85000 Nm'/h

5 BUILDINGS

5.01 Control Room 6x3 m 1.0
5.02 MCC 6x3 m
5.03 Laboratory 12x6 m 3.0
5.04 Offices 12x6 m 3.0
5.05 Furnace 20x20 m
5.06 Ablutions 6x3 m 1.5
5.07 Lunch room 6x3 m 1.0
5.08 Workshop 12x12m 5.0
5.09 Compressor House 6x3 m

- 22-
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6 SERVICES

6.01 Compressed Air Supply 100 kPa 15000 Nm'/h 70.0
6.02 Compressed Air Supply 230 kPa 43000 Nm'/h 2400.0
6.03 Compressed Air Supply 700 kPa 1000 Nm'/h 100.0
6.04 Air Piping 100 kPa 10 m
6.05 Air Piping 230 kPa 50m
6.06 Air Piping 700 kPa 50 m
6.07 F1 Fuel Coal Feed Bin/Feeder 20 t 6 Uh 12.0
6.08 F1 Fuel Coal Hammer Mill 6 Uh 40.0
6.09 F1 Fuel Coal Fuller Kinyon Pump 6 Uh 30.0
610 F1 Fuel Coal Piping 20m
6.11 Water Storage - Siag Granulation 100 t
6,12 Water Pump - Slag Granulation 500 Uh 40.0
6.13 Water Piping - Slag Granulation 50 m
6.14 Water Sump Pump - Slag Granulation 100 Uh 11.0
6.15 Water Cooling Tower - Slag Granulation 20 GJ/h
6.16 Water Storage - Furnace/Gas Cooling 100 t
6,17 Water Pump - Fumace Cooling 1+1 120 Uh 20,0
6,18 Water Piping - Furnace Cooling 50 m
6.19 Water Sump - Furnace Cooling
6.20 Water Sump Pump - Furnace Cooling 1+1 120 Uh 15.0
6.21 Waler Cooling Tower - Furnace Cooling 12 GJ/h
6.22 Water Pump - Gas Cooling 1+1 32 Uh 10.0
6.23 Water Piping - Gas Cooling 100 m
6.24 Workshop Equipment
6.25 Safety Equipment
6.26 Laboratory Equipment
6.27 Front End Loader 5t
6.28 4WD Plant Vehicle 1 t
6.29 Electricals 3.1 MW
6.30 Instrumentation 18 loops
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Energy Balance

Heat In GJ/h Heat Out GJ/h

Combustion -89.85 Combustion Products 49.74

Combustion Preheat -8.11 Smelt Products 8.25

Smelt Preheat 0.00 Slag Heat 25.58

Reactions 5.04 Furnace Losses 9.50

Liquid Slag 0.00 Fume 4.82

A'burn Recup. -4.79

TOTAL -97.89 TOTAL 97.89
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INPUT: Wgt Zn Pb Fe SiO, CaO S Cu As AI,03 MgO Resid. H,O Ag

Zeehan Slag % 13.4 1.7 22.4 20.0 11.4 3.3 0.2 0.0 3.7 1.3 12.4 5.0 gil 54
kg/h 15000 2004.0 258.0 3357.1 2994.0 1702.5 499.5 33.6 5.3 555.0 195.0 1857.0 750.0 g/h 810

Coal % 0.8 11.6 0.5 0.4 3.9 0.4 11.5
(Reductant) kg/h 969 7.8 112.2 5.2 4.0 37.8 3.5 111.4

Coal % 0.8 11.6 0.5 0.4 3.9 0.4 5.1
(Fuel) kg/h 3483 28.1 403.4 18.5 14.3 135.8 12.6 177.6

Total Feed kg/h 19452 2004.0 258.0 3393.0 3509.7 1726.2 517.8 33.6 5.3 728.5 211.0 1857.0 1039.0 g/h 810

OUTPUT: Wgt Zn Pb Fe SiO, CaO S Cu As AI20 3 MgO Resid. H2O Ag

Slag % 3.1 0.3 26.0 26.9 13.3 0.2 03 0.0 5.6 1.6 14.4 gil 19
kg/h 12897 400.8 38.7 3359.1 3474.6 1708.9 25.9 33.2 0.3 721.2 208.9 1857.0 g/h 243
Ree 20.0 15.0 99.0 99.0 99.0 5.0 99.0 5.0 99.0 99.0 100.0 39

Fume % 67.6 9.3 1.4 1.5 0.7 1.1 0.0 0.2 0.3 0.1 0.0 g/t 239
kg/h 2371 1603.2 219.3 33.9 35.1 17.3 25.9 0.3 5.0 7.3 2.1 0.0 g/h 567
Ree 80.0 85.0 1.0 1.0 1.0 5.0 1.0 95.0 1.0 1.0 0.0 70

Total Output Kg/h 15267 2004.0 258.0 3393.0 3509.7 1726.2 51.8 33.6 5.3 728.5 211.0 1857.0 g/h 810
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Testwork Focus

Tin Fume Production

Due to the increased amount of sulphur dioxide produced during tin fuming, it will be
necessary to install additional gas cleaning equipment to either scrub and neutralise
or convert the gas to sulphuric acid.

48,' 039
Encore Melals NL - February 1999

Once the Renison Bell concentrator flowsheet has been selected, bench scale
samples representing future plant production can be processed in a crucible smelting
trial to determine these parameters.

Issues requiring testwork in Stage 2 include tin fume quality and sulphur requirement.
It may be necessary to add sulphur in the form of pyrrhotite (available from the
Renison Bell reject streams). The amount of arsenic in concentrate will be important,
as this also forms volatiles during smelting and needs to be controlled in the fume
product.

Sulphide or matte smelting of tin has been practiced in the Aberfoyle demonstration
plant in Kalgoorlie during the 1980's, and does not present a technical risk to the
project.

The product of this tin fuming will be a high-grade tin oxide, approximately 65% tin,
with low « 1%) iron. This is ideal as a conventional smelter feed, and can either be
sold along with Renison Bell concentrate, or contracted as separate parcels to a
commercial smelter.

At the smelting temperature, tin sulphide is volatile and boils out of the molten bath.
Excess air is added above the melt to re-oxidise the tin, forming a tin oxide fume and
sulphur dioxide gas. The addition of air, and subsequent cooling of fume employs the
same process as the zinc fume operation; however, to avoid cross- contamination of
the two metal oxides, there will be a second fume cooler and product handling train
for tin production.

In the tin fuming process, low-grade concentrate is smelted and reduced in a similar
manner to the Zeehan slag. It is important to provide sufficient sulphur in the smelted
liquid to ensure that tin sulphide, and not tin metal, is formed.

To maintain the right amount of sulphur in the furnace, a metal sulphide phase, or
matte will be maintained. This is quite dense, and will sit below the slag formed from
the other material in the concentrate. Matte will also act as a collector for any
precious metals or base metals, and can be periodically tapped if necessary. Slag is
formed continuously and is handled in the same manner as the discard slag in the
zinc fuming operation.

Tin fume production relies upon the relatively high volatility of tin sulphide in order to
separate tin from other impurities, particularly iron. Classical tin smelting has great
difficulty dealing with even moderate levels of iron. This is because the reduced
metals tend to form an iron-tin alloy known as hardhead that requires re-smelting and
usually multiple furnaces.
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Tailings Concentrate Production

1. Tailings Concentrates Production

Stage 2 Renison Bell tailings testwork has two key components:

4 8 '" 0 • ), " , 'J :4 (
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This work has been reviewed by Encore. A preliminary testwork programme has
been prepared to look at producing a low cost, low grade but acceptable metal
recovery concentrate feed for TASMELT.

The key objectives of this historical recovery work was to produce a concentrate of
sufficient tin grade to integrate with current run-of-mine concentrate production ie. to
strive for >60% tin content whilst attempting to maintain decent levels of recovery.

Renison Bell has conducted several extensive campaigns of research on extracting
tin from its historic tailings dams "A and B".

The most significant advantage Tasmelt prOVides a Renison Bell tailings recovery
plant is its ability to handle low-grade concentrates with high levels of iron and
sUlphur.

Development and modelling of concentrate smelting regime and costing to +/­
20%.

2. Tin Fuming

Benchscale development of a viable concentrate production f10wsheet and
preliminary costing of an optimal concentrate.

Renison tailings comprise mainly iron and other sulphides together with minor
amounts of oxides, carbonates and silicates. Tin occurs mainly as tin oxide
(cassiterite) with approximately 10% as suiphide (stannite)

Sirosmelt technology is well proven on various tin concentrates from around the
world and has been considered on at least two occasions for Renison Bell. A number
of commercial size plants have been installed and there is considerable confidence
to be had in its application by TASMELT on a Renison Bell based concentrate.

Current arisings of taiiings are 750,000 tonnes per annum (including slimes) grading
between 0.4 and 0.5% tin.

Encore has already completed a detailed review of an extensive resource of Renison
Bell generated testwork and evaluation data on Dams A and B. On the basis of this
work. a portion of which is also relevant to TASMELT objectives, a detailed testwork
programme has been devised and indicative quotes obtained.

Stage 2 - Renison Bell Tailings and Middlings Technical
Programme

There are three tailings dams at Renison Bell. Dams A and B contain a combined 5.2
million tonnes of tailings and 23.000 tonnes of tin metal. Dam C is operational and
contains some 10 million tonnes of tailings and 40,000 tonnes oftin metal.
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Dam C is still active and practical access to some 50% of it is difficult whilst the mine
is operational. However, it is feasible that current tailings arisings can not only
provide a source of material for preliminary testwork but also a possible feed for
commissioning the first tin smelting campaign. Thereafter, it could be blended with
concentrates from A and B dams. Current arisings are already devoid of slimes and
are separated into the sulphide and non-sulphide streams that require separate
treatments.

Recovery Issues

Tin, as cassiterite, is present in tailings for a number of reasons:

• fine tin (slimes) is lost because it is too fine to respond properly during gravity
concentration.

• other fine material has a high reagent consumption on flotation, so is physically
removed (along with the fine cassiterite) before flotation.

• some tin is carried off in the sulphide fiotation concentrate.

This stream removes the bulk of the plant feed impurities such as sulphur, iron
and arsenic. Some cassiterite is lost here, because it is joined to the sulphide
minerals that are intended to be removed. Regrinding will liberate some of this tin.
It will also make some of it too fine to recover. Regrinding is practiced
extensively in the current Renison Bell circuit, and there is some opinion this
could be overdone, as current plant tailings lose over 40% of tin as slimes.

• in cassiterite fiotation tailings.

Like any metallurgical process, cassiterite flotation is somewhat imprecise, so
some "gets away". A factor exacerbating this loss is the prohibition of a collecting
reagent (PSA) in 1995. Synthetic replacements for this now environmentally
unsuitable reagent have been produced but are less effective.

• In both sulphide and cassiterite flotation circuits, there is also a phenomenon of
misreporting by entrainment.

Some free tin oxide will be swept along with the sulphides in the former, and the
gangue tailings in latter. Given sufficient stages of recovery, these losses would
reduce to almost nothing, however economics limit the extent of this.

Slimes

Slimes contents of tailings is an important consideration. During liberation of tin
values by grinding, an unavoidable loss of brittle cassiterite occurs when it is reduced
below a recoverable size (nominally 6 microns). None of the commercially
demonstrated equipment is suitable for recovering such fine material.

Slimes has been measured at between 20% and 40% of the total tin content in the
mill tailings, and presents an automatic barrier to reported recovery if included in the
tin content of any process scheme. In any proposed or previously tested recovery
plant, de-sliming is a critical step, so an important element of proposed testwork will
be to analyse tin feedstocks "post de-sliming" to determine a realistic recoverable tin.
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Previous testwork has shown that moderate grinding followed by sulphide and
cassiterite flotation is effective in recovering tin at this stage.

Fine material does not contain recoverable tin, and can be separated from the
remaining material using hydrocyclones or hydrosizers.

Much of the sulphur and iron is present as pyrrhotite, which is a weakly magnetic
mineral, amenable to removal using modern high intensity rare-earth magnetic
separators.

It is also proposed that a gravity concentration stage using spirals on selectively
sized streams should be tested. Free cassiterite that had previously reported to
tailings due to entrainment may prove to be recoverable using this inexpensive
technique.

487042
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The retrieval of tin values from tailings will encompass the use of techniques found in
the present Renison Bell plant, as well as those employed in previous test work. Due
to the low levels of tin values present in the tailings, it is imperative to employ low unit
costs stages to remove the bulk of unwanted material prior to any more expensive
concentration stages.

Recovery Circuit and Testwork
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Sulphide Tin

Renison Bell primary ore also contains minor amounts of sUlphide tin representing
approximately 3% of total tin. This material is currently rejected in the concentrator
circuit along with other sulphides. Encore testwork will examine the viability of
recovering these values.
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Marketing of Raw Zinc Oxide and Tin Fumes

Marketing studies for both zinc and tin fume products will be an integral and critical
component of Stage 2.

Specialist marketing expertise will be employed to build on the preliminary
investigations made.

This work will be undertaken using indicative product specifications arising from early
stage testwork on the Renison Bell tailings and more advanced information on the
Zeehan slags.

Zinc Fume

The raw fume produced at Zeehan is in effect a high grade, low sulphur, low iron
concentrate.

As for conventional zinc concentrates, it is marketed to the world's custom zinc
smelters. Integrated smelters may also make some custom purchases.

In turn, zinc smelters sell zinc metal to fabricators, galvanisers and other users.
Hence demand for zinc concentrates is a derived demand based on demand for zinc
metal and zinc smelting capacity and utilisation.

Smelter Technology

Zinc concentrates are processed into zinc metal and other by-products by two
predominant technologies:

• the electrolytic process (roast - acid leach - electrowinning from sUlphate
solution).

Due to the high purity requirements for the electrolyte in the electrolytic
process, only high grade concentrates (Zn >50%) with combined Cu+Pb <3%
are acceptable. Other elements such as antimony, arsenic, chlorine, cobalt,
fluorine, nickel, selenium, tellurium and tin can be deleterious to electroiysis,
even in trace amounts in the electrolytes, and may therefore attract significant
penalties or outright rejection of concentrates by the smelter.

• the Imperial Smelting Process (ISP smeiters) which treats mixed lead/zinc
concentrates.

While ISP smelters can accept clean high grade concentrates, they require a
certain proportion of lead in their feedstock and can recover copper and other
payable metals. ISP smelters therefore usually purchase bulk zinc-lead
concentrates. Penalties and rejection may be imposed if the arsenic, antimony or
tin concentrates are too high.

The Zeehan derived fume will be most suited for sale to an ISP smelter.
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Major Zinc Smelters in the Asia Pacific Region

Country Plant Production Capacity Company
('OOOtpa zinc metal)

Electrolytic

Australia Risdon 220 Pasminco
Port Pirie 40 Pasminco

Japan Annaka 143 Toho Zinc
Kamioka 63 Mitsui
Hikoshima 84 Mitsui
Akita 106 Mitsubishi
Ijima 156 Akita Zinc
Mikkaichi 100 Nippon

Korea Onsan 190 Korea Zinc

ISF

Australia Cockle Creek 81 Pasminco

Japan Harlma 85 Sumiko ISP
Hachinohe 101 Hachinohe Smelting

•••••••
•
•••
•••
•••••••••
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Treatment Escalators

Pricing

Treatment Charges
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Encore Metals NL - February 1999

Treatment escalators are applied for fluctuations in the zinc price about a base price
currently around US$1000.

Typically, they may be reduced 20 cents per tonne for each dollar below that base
price and escalated a similar amount above that price.

• Generally higher grade
• Very low sulphur content which is in the form of sulphate that does not require

roasting and acid production
• Very low levels of iron that avoids the need for production and handling of

toxic waste such as jarosite.

Treatment charges are generally in the range US$185 to US$220 and are presently
US$190.

Treatment Charge = zinc price x 17.5%

For high grade concentrates (>54% Zn), the treatment charge (including price
participation) can be roughly estimated by correlation to the zinc price using the
following formula (Vogel and Grey, 1990):

The fume produced at Zeehan has the advantage over conventional zinc
concentrates of having:

Treatment charges for ISP smelters normally attract additional treatment charges of
around US$15-US35 per tonne concentrate.

• Pay 65% for silver subject to a minimum deduction of 3.5 ounces.

• Pay 60% for lead sUbject to a minimum deduction of 3 percentage points.

• Pay 85% of the value of the zinc content subject to a minimum deduction of 8
percentage points.

A treatment charge expressed as a fixed deduction per tonne concentrate is applied.
This includes the cost of refining the zinc. A price participation is also included.

The pricing of delivered zinc concentrates is generally as follows:

Contracts are structured to contain pricing payments, treatment charges, escalators,
de-escalators, price participation and penalty charges

Historically, the Net Smelter Return for zinc concentrates has usually been 40%-60%
of the value of the total zinc metal contained in the concentrate. This excludes
concentrates with unusually high precious metals or penalty element payments.

Smelting Contracts
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The Zeehan slags and their fume product will be low in other metals.

Penalties are imposed for undesirable elements that increase the smelter's costs.

Smelters may reject some concentrates because they contain a high level of penalty
elements. There are no standard "rejection limits" for the penalty elements as any
concentrate is potentially saleable depending on its quantity and the availability of
other more favourable concentrates. Clearly, "dirtier" concentrates can only be sold
for lower returns than cleaner concentrates or at times when cleaner concentrates
are in short supply.

••••
•••
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Other Markets

The fume may alternatively be directly sold to manufactures of reagents used in the
automotive rubber tyre industry and agricultural products such as animal feed
supplements and fertiliser additives.

The latter represent small markets relative to the former and both require a reiatively
high purity zinc oxide.

Raw Fume Upgrading Options

Some 55% of the value of the zinc contained in the Zeehan raw fume is realised
when sold as described above.

It is possible and could be desirable to further process the fume to produce a range
of marketable added value products. These are:

• Zinc Enriched Fume

By roasting, containing 77% zinc and low lead.

This process also produces a lead rich material, for sale separately. Plant
accommodating this procedure will also enable treatment of zinc refinery
residues, and tin tailings re-concentrate, and could be established relatively soon
after the initial commissioning establishes stable smelting operations.

This option will be evaluated during full feasibility.

• Basic Zinc SUlphate

by leaching in sulphuric acid followed by precipitation from the leach liquor
using sodium hydroxide

• Zinc Sulphate Monohydrate

by leaching in sulphuric acid followed by precipitation by pressure crystallisation
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by leaching in sulphuric acid and spray roasting in a reactor

Tin Fume Marketing

51ag Marketing
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There are some synergistic advantages to Renison Bell and Encore in blending the
products from Renison Bell concentrator and Encore smelter. These will be
considered as part of Stage 2.

Net revenue after all treatment charges, penalties etc is generally in the order of 75%
to 85% depending on concentrate quality.

Contract terms are not too dissimilar in structure to those for zinc concentrates but
with specific pricing differences.

Tin fume, or oxide, may be likened to a very high-grade tin concentrate, and is ideal
feed to a conventional tin smelter.

There are commercial smelters in the Asia-Pacific region that purchase concentrates
in small and large parcels, with varying smelter terms depending upon the size and
impurity content of the supply.

• High Purity Zinc Oxide

The slag by-product has several uses. It is relatively inert and has good mechanical
characteristics. These allow it to be sold as mine fill, for road base and for use in
cement manufacture.
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Emissions and Environmental Issues

The project will have minimum overall and readily managed environmental impact,
which will be limited to the duration of the project.

External consultants in compliance with operating licence conditions will undertake
routine environmental monitoring. Of particular interest will be the various emissions:

Some aspects of the project are expected to lead to a long-term improvement in the
environmental status of the Zeehan slags dumpsite such as the removal of residual
metal values from the slag. The granulated slag is expected to rehabilitate more
successfully than the platey slag.

48'/'048
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Solid Emissions

The major solid waste will be new slag, which is a relatively inert glass-like siliceous
material, highly resistant to degradation.

Any slag remaining at site will be granulated and landscaped to soften the
appearance of the site and to promote revegetation.

General solid waste from the operation can be disposed of in the municipal waste
dump 1km north of the smelter. This dump takes a variety of domestic and light
industrial wastes.

Drainage from the residual Zeehan slag dumps is not expected to contain metals
above the background level. It will be low in zinc and other metals and is virtually
inert.

Similar product from zinc slag fuming has passed US EPA and Dutch environmental
leaching tests.

The existing slag does not appear to be leaching to any appreciable extent and there
is no evidence of vegetation damage immediately down toe of the dumps.

Air Emissions

Emissions to the atmosphere from the process comprise the off gases from the
furnace after passing through the baghouse. The main constituents will be N2. O2.

CO2. H20, and S02. emitted at a volume of 120,000Nm3/hr with an elevated
temperature of approximately 150°C.

Emissions of S02 are of major concern to regulatory authorities. Sulphur in the slag
and coal and the retention rate in the new slag and product determine the amount of
S02. It is expected that 70% of the sulphur will be retained in the discard slag. The
S02. emission levels produced by the furnace stack are likely to be below 1.5g/m3

,

which is within current acceptable levels.

When tin fuming commences there will be a requirement for the installation of an S02
scrubbing facility.

- 35-



•• TASMELT -Information Memorandum

48'1'049
Encore Metals NL - February 1999

••
••••
•••••••••••••••

Noise Emissions

The fans, compressors and lance, will generate noise when it is removed from the
bath.

The smelter will not be a significant source of noise.

The nearest residence is approximately 1500 metres from the site and is shielded by
two hills.

Site Issues

Zeehan is currently the preferred site for the regional smelter although an open mind
will be maintained subject to the sourcing of other feed materials.

The Zeehan site is close to excellent infrastructure and is adjacent to the Zeehan
Strahan road. There is also a clear and levelled site available.
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SECTION 0

FINANCIAL OVERVIEW
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);> Reconfigure smelter for next generation feeds

Its main operational assumptions are:

);> Alternating zinc and tin campaigns to total slag exhaustion in year six

48'/'051
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);> Treat Dam C tailings using existing 1. OMtpa mill and 'redundant' Renison Bell
mill.

);> Continuous tin campaign until Renison Bell mine reaches end of current planned
operating life.

);> Commence second zinc fuming campaign
Upgrade tin concentrator to 1,000, 000 tpa ($4. OM) and accumulate tin
concentrates from 0.5Mtpa tailings arisings and 0.5Mtpa from A and B dams.

);> Cease zinc fuming. Commence 3-month tin fuming campaign.

);> Commence year one of zinc fuming at 15 tonnes per hour (112, 000 tpa)
Commence concentration and stockpile build-up from current tailings arisings of
0.5Mtpa (0. 75Mtpa including unwanted slimes).

Financial Modelling and Material Smelting Schedule
Optimisation

);> Complete tin fuming campaign and reconfigure smelter for zinc fuming

);> Initial modular plant installation for zinc and tin fuming ($15. OM)
Installation and commissioning of O. 5 million tonne per annum tin tailings
concentration circuit ($3. OM)

It envisages a twelve-year operating life and is conservative in not assuming full
capacity smelter utilisation after depletion of zinc slags in year six. It also
conservatively inputs a 15% tin concentrate.

The attached summary tables set out the main capital and operating cost
components of the proposed initial Sirosmelt facility. These have been adapted and
updated from the 1991 Dragon-BHP Prefeasibility Study

A preliminary financial model in respect of the Zeehan slags and Renison Bell tailings
has been constructed to provide a framework for continuous project evaluation.
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Based on 1991 Scoping Study costs (Zeehan dedicated smelter only) with total
adjusted for inflation and incremental plant additions to treat tin fume ($1.0M gas
handling upgrade and $1.0M S02 scrubbing facility.

Item Cost

Civil and Site Works 199,000
Feed Handling 212,000
Sirosmelt Furnace 1,260,000
Gas Handing 2,780,000
S02 Scrubbing 1,000,000
BUildings 1,027,000
Services 2,766,000

TOTAL CAPITAL EQUIPMENT 9,244,000

Installation 1,055,000

Spares 362,000
Shipping/Handling 181,000
Insurance 145,000
Pre-Commissioning 38,000

Commissioning & Training 226,000
EPCM 1,659,000
Royalties 638,000

Contingency 1,235,000
Site Rehabilitation 217 000

TOTAL OTHER 5,756,000

TOTAL INSTALLED COST 15,000,000

•••••••
••••••••••••••••
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Based on 1991 Prefeasibility Study costs adjusted for inflation and inclusion of a gas
scrubbing facility,

Labour on costs 27% 2,280,000

Coal fuel and reductant 30% 2,540,000

Power 14% 1,160,000

Gas scrubbing 7% 560,000

Maintenance 7% 630,000

Packaging and transport 13% 1,150,000

Other costs 3% 250,000

TOTAL $8,570,000

Operating Costs

•
•••
•••
•
••••••••••
•••••
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STAGE 2 PREFEASIBILITY STUDY

DEVELOPMENT PLAN AND BUDGET
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TASMELT -Information Memorandum

SECTION E

Encore Metais NL - February 1999
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Stage 2 Prefeasibility Study Development Plan and Budget

Work on Stage 1 of TASMELT has cost in excess of $500,000. Pyrosmelt and
Encore have funded this.

••••

TASMELT -Information Memorandum Encore Metals NL - February 1999
1 ,,' ,~, () ." .''i: (.J' ;) ('j
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• Confirmatory testwork, process development and costing (+/-20%)$100,000

Stage 2 - Prefeasibility

Stage 2 of TASMELT is the phased advance of the project over 6 months through to
the commencement of a feasibility study. The cost will be approximately $400,000.

$ 25,000

$ 25,000

$ 50,000

$ 20,000

$ 20,000

$ 10,000

$ 10,000

$ 50,000

$ 40,000

$400,000

$ 50,000• Process optimisation and updating of Zeehan slags smelter costs

Stage 2 will comprise:

• Dragon Mining NL Option Payment

• Preliminary evaiuation of additional feeds

• Technology Licensing

• Environmental Scoping Study

• Project management and administration

• Campaign optimisation and financial modelling

Total

• Prefeasibility evaluation of Renison Bell tin tailings

• Preliminary plant design - concentrator and smelter

• Product marketing

• Smelter modelling, confirmatory testwork and costing (+/-20%)

With extensive work having already been undertaken of the Zeehan slags most work
and expense will relate to development work on the Renison Bell tailings.

Encore funding has been provided by its principals and includes the first option
payment of $50,000 on the Zeehan Siag Dumps to Dragon Mining NL and $150,000
on development work leading to the preparation of the Stage 1 scoping report and
the proposal for Stage 2.

•••
••••••••••••••••
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Appendix One

Zeehan Dump Block Model
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An antipathetic relationship between lead and zinc is evident in the south dump
(and to a lesser extent in the north dump).

MEMORANDUM

ZEEHAN DUMPS BLOCK MODELLING

14 DECEMBER 1990

JULIAN BARNES

STEVEN STONE - JOINT MANAGING DIRECTOR
DRAGON MINING LTD

An inverse distance squared weighting algorithm has been used rather than
kriging due to time limitations. Given the smooth distribution of all three
elements, it is believed that the inverse distance squared estimate will give a good
approximation of the grade distribution within the dumps.

Table 4 displays the grade tonnage breakdown for the north and south dumps
using zinc percentage as the category element.

FROM

DATE

Block modelling has been undertaken on both the north and south dumps at
Zeehan. Table I displays the modelling parameters used.

Table 3 displays a comparison between the digital terrain modelled volume with
mean grade data from the raw data set compared to the block modelling volumes
and grades. A density of 3 tonnes per eubic metre has been used to calculate the
tonnages. As is evident, the block sizes used (10 metres northing, 10 metres
easting and 2 metres RL for the south dump, and 5 metres northing, 5 metres
easting and 2 metres RL for the north dump) have enabled close approxim3tions
to the DTM volumes.

Variography was carried out on both dumps using uncomposited data.
Variography was principally undertaken on the zinc assay data and was used to

detennine ranges. Statistical analysis (summarised in Table 2) has indicated thaI
cutting of higher grades does not appear to be warranted (namely the close
similarity between the arithmetic mean and Sichels T). No compositing of the
data was carried out prior to block modelling.

SUBJECT

TO

•••••••
•••••••••
•••••••
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The block modelling exercise is believed to have produced a good estimation of
the tonnage and grade within the Zeehan dumps, however, the brief study has a
number of limitations which should be rectified for a full feasibility analysis:-

(i) The granular and platey slags in the south dump have not been
modelled separately.

(ii) Variography was not carried out extensively on lead and silver, and
hence the precise ranges of inf1uence for these two elements are not
known in detail.

(iii) The ranges determined for zinc have been used to model all three
elements.

(iv) Kriging has not been carried out 10 date.

(v) Sub-blocking has not been used (and would allow greater accuracy
in volume determination. although the technique cannot be used in
kriging).

(vi) Density data has not been modelled and density has been assigned
using a conservative factor of 3 gil.

(vii) The effect of compositing has not been determined.

(viii) Block value plots have not been produced yet (although they can be
created quickly).

Notwithstanding these limitations, it is believed that the fourteen level plans
included with this memorandum will allow Dragon Mining Ltd to build a greater
understanding of the grade distribution within the Zeehan dumps. It is evident
that the dumps have high grade zones of which exploitation would clearly benefit
early cash flow.

If you require it, I can compile all work carried out to date into a formal report.

Please do not hesitate to contact me if you have any queries.

With best regards,

Julian

406:1B: 2
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SOUTH DUMP NORTH DUMP
Itasting Origin 362705 362780
Northing Origin 358080 358280
RLOrigin 153 165
Easling Block Size 10 5
Easling Blocks 18 25
Northing Block Size 10 5
Northing Blocks 18 25
RL Block Size 2 2
RL Blocks 10 5
East Search Radius 50 30
North Search Radius 50 30
RL Search Radius 5 2
Horizontal Skew 0 0
Vertical Dip 0 0
Inverse Power 2 2
Calculate No. of Points Yes Yes
Calculate Standard Deviation Yes Yes
Constrained by DIM Volume Yes Yes



1.75
13.75
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0.1061
0.0590
0.0900
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4.50 1.63 0.09 0.7854 0.6168 0.48
29.5012.68 0.50 4.5952 21.1159 0.36

109 49 2.00 20.7100 429.0500 0.42
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0.00
0.00
0.00

Nth Dump Pb 84 0.00 3.54 1.64 0.15 0.6716 0.4511 0.41 1.80 0.1965 0.0386 I. 84
Nth Dump Zn 84 0.00 17.04 9.82 0.89 4.0796 16.6428 0.42 10.75 0.2173 0.0472 10.97
Nth Dump Ag 84 0.00 100 55 5.00 22.4100 502.3000 0.41 61 0.2000 0.0400 61

Nth Dump
Nth Dump
Nth Dump

Pb 75 1.00 3.54 1.84 0.09 0.3739 0.1398 0.20 1.80 0.1965 0.0386 1.84
Zn 75 6.23 17.04 11.00 0.54 2.3499 5.5220 0.21 10.75 0.2173 0.0472 10.97
A. 75 35 100 62 3 12.23 149.55 0.20 61 0.20 0.04 62

Sth Dump Pb 300 0.5! 4.50 1. 76 0.07 0.6600 0.4356 0.25 1.66 0.3257 0.1061 1.75
Sth Dump Zn 300 1.75 29.50 13.70 0.34 2.9775 8.8658 0.22 13.35 0.2429 0.0590 IJ. 75
Sth Dump Ag 300 17 109 53 2 15.86 251.45 0.30 51 0.30 0.09 53

Sth Dump Pb 280 0.51 4.20 1.70 0.70 0.6028 0.3634 0.35 1.62 0.3067 0.0941 1.70
Platey Slag Zn 280 I. 75 29.50 13.89 0.35 2.9556 8.7356 0.21 13.54 0.2404 0.0578 13.95

A. 280 17 109 53 2 15.70 246.49 0.30 51 0.29 0.08 53

Sth Dump Pb 20 1.30 4.50 2.56 0.42 0.8942 0.7996 0.35 2.41 0.3650 0.1332 2.55
Granular Zn 20 7.10 14.00 11.08 0.87 1.8693 3.4943 0.17 10.91 0.1836 0.0337 11.13

Slag Ag 20 17 84 53 9 18.37 337.62 0.35 50 0.40 0.16 54

Note: All populations approximate lognormal distribution.
Statistics calculated on uncomposited and uncut data
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South Dump

North Dump

125333

26381

3.0

3.0

375999 13.70 1.76

79143 11.00 1.84

53

62

123200

27050

3

3

369600 13.92 1.69

81150 10.83 1.85

52

62
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Note: Zn% used as Grade Tonnage category conlro!. Block modelled by inverse distance squared.

47
55
52
52
52
52

59
62
63
62
62

1800 5400 10.60 1.91
12200 36600 11.50 2.06
61600 184800 12.68 1.90
118000 354000 13.78 1.70
122400 367200 13.88 1.69
123200 369600 13.92 1.69

59 7100 21300 9.33 1.86
65 15100 45300 9.97 1.87
64 22950 68850 10,48 1.88
55 26800 80400 10.80 1.85
50 27050 81150 10.83 1.85

47
57
56
48
50
45

1.86
1.88
1.88
1.72
1.69

1.91
2.08
1.86
1.49
1.39
1.44

10.60
11.66
12.98
14.98
16.56
20. \ 7

o 10 7100 21300 9.33
10 II 8000 24000 10.54
II 12 7850 23550 11.46
12 14 3850 11550 12.73
14 16 250 750 14.24

10 II 1800 5400
II 12 10400 31200
12 14 49400 148200
\4 16 56400 169200
16 18 4400 13200

>\8 800 2400

NORTH DUMP
F'rhrii :':Tc{ ;:~V,d'fiim:'(f:: ':::Td:ifii'~;:f\~:::\:';-7-"

SOUTH DUMP
From loTd .vdhiiiieToiih';~'
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Appendix Two

Preliminary Information for the
Office of Environment
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1 INTRODUCTION

INTRODUCTION

To assist the Office of Environment in fulfilling its obligations in setting
guidelines for the preparation of a Development Proposal and Environmental
Management Plan (DPEMP), BHP Engineering has prepared the following
information, on behalf of Pyrosmelt NL.

The informa tion is, of necessi ty, preliminary as the project has not yet advanced
beyond the pre feasibility stage. However it is recognised by Pyrosmelt NL that
the environmental aspects need to be examined as part of the prefeasibility
study to provide the necessary input to the plant design, layout and operating
parameters.

Data presented is the best available to the project at this stage and is not
expected to change significantly for the final plant though it will be refined
during the detailed design phases of the project. Layouts shown in the sketch
maps are indicative only and are not based on detailed engineering data so may
need to be altered. However given the nature of the equipment the limiting
factors in the layout of the site are access to the existing slag dumps, suitable
areas for stockpiling of raw materials and new waste dump locations.

The information and interpretations presented in this report are based on data
gathered from a variety of sources including:

pyrosmelt NL
Dragon Resources
Ausmelt Pty Ltd
BHP Engineering Pty Ltd
Zeehan Mu:.icipal Council
HEC (& RWSC)
School of Mines Museum (Zeehan)
Pasminco Limi ted - Roseberry
Mt Lyell Mining Company - Queenstown
Bureau of Meteorology
Si te Visi ts

This information is provided to enable the Office of Environment and associated
Government agencies to base the requirements for a DP & EMP on the latest
information available to the proponents.

1.
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2 PROJECT DESCRIPTION

PROJECT DESCRIPTION

BACKGROUND

Pyrosmelt NL intends to reprocess the waste slag dumps at the 'Zeehan Smelter
Site' which accumulated over three distinct operating periods during the period
1898 to 1946. Most of the slag was probably produced during the period 1898 to
1914 with lesser quantities during the second period of opera tions from 1924 to
1930 during which it appears that roasting was the main activity followed by
flota tion.

The process propcsed to recover the zinc and lead is 'Sirosmelt' which is a small
scale submerged combustion process originally developed by the CSIRO and now
marketed by Ausmelt Pty Ltd and MIM Limited. Various plants have operated
over the past ten or so years on materials ranging from tin, lead, zinc and
copper concentrates to residual slags from traditional smelting processes.
Plants are currently operated at:

Mt Isa (3 plants)
Port Pirie, SA
Newcastle, NSW
Arhnem, Netherlands

The scale of these plants range from a few tonne per hour to 24 tonne per hour.
A plant was also operated in Sydney processing tin ores in the late 70's until
poor economics forced its closure. Commercial plants have operated since 1978
and a number of plants are planned or being constructed worldwide.

The smelter site is covered by a mining lease held by Pasminco Mining who have
entered into the appropriate agreements with Dragon Resources to allow Dragon
Resources Limited and Pyrosmelt NL access to the slag dumps.

PROCESS TECHNOLOGY

The Sirosmel t process is a submerged combustion process where air and fuel are
injected below the surface of a liquid slag via a hollow lance. Combustion of
the fuel within the slag provides both the heat to melt more slag and the heat
required for the reduction reactions. Cold feed and reductant (coal) are added
in lump form through a feed port in the top of the furnace with the lump
material rapidly consumed in the slag bath due to the intense stirring of the
ba th by the injected air.

The zinc oxide together with the oxides of lead and other minor elements are
reduced and volatilised. The intense stirring and flushing action of the process
gas removes the reduced metals from the bath. Above the bath the metals are
rapidly reoxidised by supplementary air entry through the top of the lance. The
oxidised fume produced is then collected in a baghouse.

2.



•••••••
••••••••••••••••

2.3

2.3.1

1696K

48/'0';'-/-<
/A. BHP
~ Engineering
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Zinc in its metallic form has a boiling point of 90rc. The operating
temperature for melting the slag is l200°C and this provides the mechanism for
the fuming of zinc metal. The zinc oxide in the slag has first to be reduced
before fuming and this is achieved by the addition of coal to the molten slag
bath. Reduction of zinc is thought to occur by a number of mechanisms, the
most important being:

ZnO + C - Zn + CO

The vaporised zinc metal is oxidised with air above the bath and the resultant
fume is collected by a baghouse after the gas cooler. The fume is then bagged,
ready for sale to the market.

The plant can be run in either batch mode or continuously, however a decision
has not yet been made as to the mode of operation for this project. There are
no significant differences in emissions or plant design between the continuous
and ba tch modes. The final selection is more dependent on parameters such as
ease of winning the slag and arrangements for plant operators, however it is
expected that the plant will run 24 hours a day, seven days a week.

PROCESS STEPS

To describe the individual steps in converting the waste slag to zinc oxide it is
easier to consider the batch method. There are six steps in the process:

slag smelting
slag reduction
a fter burning
gas handling
slag handling
furnace standby

Slag Smelting

At the beginning of each cycle a bed of mol ten slag is present from the previous
batch which helps maintain the necessary temperatures in the furnace. Fine
coal is fed through the lance with air to provide the energy source and lump slag
is added and melted together with lump coal which acts as the reductant.

This step removes most of the zinc from the slag typically reducing the zinc
content below 5% and typically takes 4 to 5 hours at the scale of operation
considered here.

3.
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3 INFRASTRUCTURE REQUIREMENTS

INFRASTRUCTURE REQUIREMENTS

RAW MATERlALS SUPPLY

Coal and slag are the two major raw materials required for the process. The
slag is obviously available on site whilst the coal is expected to be obtained
from the east Tasmanian coal field.

Slag will be won by front end loader or a large backhoe. A dozer may also be
required. Due to a comparatively small scale of operation the equipment
required will be smaller than that normally associated with mining type
procedures. It is unclear what pretreatment (crushing, screening) will be
required to prepare the slag for feeding to the furnace.

Coal will be stockpiled on site to the extent required to ensure the furnace is
kept supplied. A nominal one week stockpile of 1500 tonne is envisaged. Some
trea tment of the coal will be required to produce the fine and lump coal
fractions. Sizing and pulverising equipment will be required for this process.
All runoff from the stockpile area will be directed to the site water dam and
used in the process to lessen the requirement for make up wa ter. Dust control
will be exercised through normal handling practices and also by keeping the coal
damp if stored for extended periods.

Water Supply

Wa ter is required for three principle functions in the plant being:

gas cooling
furnace cooling
slag granula tion

An additional quantity is also required for general housekeeping and dust control
around the site.

There is expected to be a net loss of water in the order of 55 m3/hr or
1320 m3/day with the major consumption being for gas cooling. There will be
a recirculating wa\~r load for slag granulation and furnace cooling which will
pass though a cooling water pond to settle out solids. Runoff from the site will
also be directed to this pond to reduce make up requirements from other
sources. Should there be an excess of water it will overflow the settling pond
and be directed to the natural drainage systems.

6



'.
• 48 ',' 073 NABHP

~ Engineering

•••
••
••••••••••••••••

3.3

3.4

3.5

3.6

1696K

3 INFRASTRUCTURE REQUIREMENTS

The required water is expected to be obtained from either Austral Creek which
passes just below the site or from the Little Henty River which is I km to the
east. Austral Creek was the water source for the original smelters which used
three steam driven pumps to lift the water to head tanks above the smelter
complex. Initial calculations based on catchment area, rainfall and runoff
estimates indicate that the required quantity of water can be supplied from
either stream,

Abstraction of water will require the permission of the Rivers and Water Supply
Commission. The discussions with the RWSC to date have been to determine
whether strea mflow da ta exists for the Li \tIe Henty and Austral Creeks.

Power Requirements

A plant of the size anticipated will require approximately 2 MW with the
primary use being the fan, air compressors, crushing and screening plant and the
various pumps. No power is available at the site, the closest connection point
being Zeehan.

Air Supply

One of the key aspects of the process is the injection of air to combust the coal
and provide the intense agitation required. The air requirements are met by
compressors located near the furnace which supply both high pressure air
(250 kPa) for the lance and low pressure (20 kPa) for the after burner. It is
expected that a number of smaller compressors will be used rather than one
large unit for reliability.

Workforce

The anticipated workforce is in the range of 15 to 25 but cannot be determined
more definitely at this stage. Most of the workforce is expected to reside in
Zeehan.

Transport

Transport options for coal supply and product shipment have not been
investigated in any detail as yet. However adequate transportation
infrastructure is apparently available according to discussions with Zeehan
contacts.

7.
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4 ENVIRONMENTAL FACTORS

ENVIRONMENTAL FACTORS

EXlSTING SITE

This site has seen intermittent use as a mineral processing site since the late
1890's. First as a roaster and blast furnace and later as a roaster and
concentrator. During the construction and operation of the site extensive
changes occurred to the surrounding environment as a result of physical
disturbance during building. the extraction of Iimerock. disposal of waste solids
and the emissions from the roasters. Natural revegetation of the site has been
slow, due in part to the coarse nature of the weathered siltstone and sandstones
on the hills.

The vegetation bordering Austral Creek is considerably more diverse than that
on the hillsides with a variety of tall shrubs and trees including Eucalypts.
Banksias and Acacias. Also present are blackberry and other introduced
species. The project is not expected to infringe on this area except as may be
required to install pumping equipment. The tailings encroach on to this area and
appear to be slowly smothering vegetation as the tailings are eroded.

The existing physical and biological environment of the site has been degraded
and the si te is basically unstable and would require time and effort to stabilise
the site. This project can provide some measure of improvement through the
appropria te layout and opera tion of the plant which will remove potential long
term pollution sources. The new slag will have lower metal levels. be effectively
inert and a potentially useful product in its own right.

Factors which l".:J.ve the potential to impact the environment are discussed
below. It is the proponents view that each of these can be managed to provide
adequate protection of the environment. It is also important to recognise that
the proje::t life is about 3 to 4 years at which time the plant is expected to be
reloca ted.

EMJSSIONS - WATER

Under normal operating conditions no water will leave the site as there is a net
water loss due to cooling requirements. Site runoff will be directed to the
cooling water pond which also acts as a sediment trap. During heavy rainfall
events. especially when the plant is not operating. the cooling pond will
overflow to the creek. As the process adds no metals to the water and the
runoff would otherwise report to the creek in an uncontrolled manner. this
arrangement is likely to improve water management on the site from the
existing uncontrolled drainage.

8.
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4 ENVIRONMENTAL FACTORS

Drainage from the new slag dumps is not expected to contain metals above the
background as the slag is virtually inert. Similar Sirosmelt product from zinc
slag has passed both the US EPA and Dutch leaching tests. The existing slag
does not appear to be leaching to an appreciable extent with no evidence of
vegetation damage immediately downtoe of the dumps. Some gypsum crystal
growth is evident in the southern dump which may be due to the presence of
other material (tailings, untreated ore) in the dump. Subsurface samples have
been collected from beneath slag and these will provide additional data on
contamination from leaching of the slag.

EMISSIONS - SOLIDS

••••••••••••••

The major solid waste will be the new slag which is a glass like siliceous
material that is highly resistant to degradation making it a good material for
sand blasting, road fill and similar construction purposes. The new slag dump
could be placed so as to facilitate access to the material by potential consumers
wi th ready access from the main road.

Alternatively the dumps can be located and managed for an end goal of a
rehabilitated landform. The obvious locations for the new dumps are either
immediately north or south of the existing dumps. In both cases the new dumps
would be battered to a nominal three to one slope to facilitate rehabilitation.
This activity would also soften the appearance of the site which has numerous
high benches facing the main road.

Whilst the existing dumps have minimal vegetation this is apparently due to the
lack of fine material to hold moisture and permit the development of root
systems. In those locations where fine, granulated, slag has had eroded material
washed over the surface, grasses have established voluntarily.

General solid wastes from the operation would best be disposed of in a
controlled municipal waste dump. The Zeehan Municipal dump is approximately
I km north of the smelter site and appears to take a wide variety of residential
and light industrial wastes.

4.4 EMISSIONS - NOISE

The smel ter itself is not expected to be a significant source of noise wi th the
fan and compressors being the major sources together with the lance when it is
just removed from the bath. However these factors have been effectively
controlled by appropriate design as evidenced by the operating plants in Arhnem
and the plant that used to operate in Sydney. General noise will also be emitted
by the equipment used to recover the slag.

The nearest residence is approximately 1500 m from the site and shielded by
twO hills so should not be appreciably affected.

9.
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4 ENVIRONMENTAL FACTORS

EMlSSIONS - AIR

Emissions to the atmosphere from the process comprise the off gases from the
furnace after passing through the baghouse. The main constituents will be
N2, 02, C02, H20 and 502 emitted in an air stream of
120,000 Nm3/hr with an elevated temperature of approximately ISOaC.

Emissions of sulphur dioxide are recognised to be of concern to the regulatory
agencies and preliminary calculations have been prepared to show the likely
ambient concentrations. The calculations are based on conservative data and
use recognised formulae for the prediction of ground level concentrations and
plume rise.

The ground level concentrations have been predicted for the nearest residence
which is 1500 m north of the site. A range of atmospheric stability classes have
been used following the approach of Turner (1969). Class A is the most
unstable, Class 0 is neutral and Class F strongly stable. With the general
climatic conditions of Zeehan the dominant class is expected to be neutral
(Class 0) with stable conditions also common (Classes E & F). The unstable
conditions are expected to be infrequent probably occurring for less than S% of
the time.

The high frequency of neutral conditions (Class 0) are the result of overcast
and/or windy conditions. Unstable conditions are principally the result of
thermally driven turbulence and these conditions are not expected to be
common occurrences.

The results of the calculations are presented in Table 2 and show that for an
emission rate of 40 :g,/s of 502, the concentrations are all below the annual
average of 50 ug/mJ . The actual concentrations experienced at the residence
would be considerably less due to the variability of the wind direction. The
predicted concentrations approximate a 10 minute sampling period.

The sulphur dioxide emission ra te depends on the amount of sulphur in the slag
and coal and the retention rate in the new slag and product. Ausmelt have
advised that they expect 70% of the sulphur to be retained. This is based on
their extensive experience in testing of similar slags for treatment.

Due to the use of water for cooling the gas there will be a visible plume from
the stack.

Minor constituents of the slag (As, Sb etc) are expected to report to the fume
and will not present an environmental hazard.

10.
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Three locations near the site have been nomina ted for the Register of the
National Estate as items of geological importance. One of the locations is
immediately south of the slag dumps and encroaches on the southern dump and
includes most of the tailings. The nomination information indicates that the
item of significance is the rock formation on the ridge running south of the old
smelter where past activity has exposed geological stratigraphy of interest.

This issue is being addressed through the AHC however the proponents consider
that the item of apparent interest is unlikely to be disturbed. Some of the area
nominated would be disturbed in winning the slag but would not impact on the
geological setting.

11.
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The information presented is the latest available to the proponents and is
considered to be conservative in those areas where detailed data is unavailable.
The proponents are committed to the responsible management of the site and
recognise the need to incorporate environmental factors in the design of the
project.

The proponents believe that the project will have a minimal and readily
managed environmental impact which will be limited to the duration of the
project. Some aspects of the project are expected to lead to a long term
improvement in the environmental status of the site such as the removal of
residual metal values from the slag and the granulated slag is expected to
rehabilitate more successfully than the platey slag.

A prefeasibility study has recently been commissioned and will be prepared in
conjunction with the DPEMP for the project to ensure environmental factors are
incorporated in the design and layout of the plant.

Of the anticipated impacts, sulphur dioxide emissions in particular, have been
evaluated in a preliminary manner and have been shown to be well within he
appropriate standards. The proponents do not consider that modelling is
required beyond the approach presented in this preliminary report.

12.



Key to Stability Classes for Calculations

1 1 ) ( 2 ) ( 3 ) 14 I

A A-B B E F
A-B B C E F

B B-C C D E
C C-D D D D
C D D D D

TABLE 1

Incoming Soiar Radiation

48'1'0'/'9

Mostly
Clear

Night

Cioud Cover

Mostly
Overcast

Moderat.e SlightStrong

••••••Windspeed

• (m/s)

<2

• 2-3
3-5
5-6

• >6

•
After D.B.Turner. "Workbook of Atmospheric Dispersion Estimates."
washington, D.C. HEw, 1969.

I 1 I

• 12)

• ( 3 )

• ( 4 )

••

Clear skies. solar altitude greater than 60 degrees above the
horizontal, typical of a sunny summer afternoon. Very
convective atmosphere.
Summer day with a few broken clouds.
Typical of a sunny autumn afternoon. summer day with
broken low clouds. or a summer day with clear skies and a solar
altitude of 15 to 35 degrees above horizontal.

Can also be used for a winter day.

P.BLE 2

Typical Ground Level Sulphur Dioxide Concentrations
for Stability Classes Listed in Table 1.• Windspeed Ground Level S02 Concentration ( g/m"3)• Im/s) S02 emission rat.e 40 gls

1 . 5 2~.6 0.8 0.8 0.0 0.1• 2.5 1 -1 • 0 1 -1 • 0 O. 1 0.0 2 . J
4.0 29.5 4.9 4.9 0.0 0.0
5.5 15.9 'J.O 0.0 0.0 0.0• 6.5 22.6 0.1 O. 1 O. 1 0.1

••
Note:where a range of stabilities is listed in Table 1, the class

resulting in the higher concentration was used.

••
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TABLE 3
Data for Calculation of Ground Level Concentrations

•••

Emission Rate (g/s)
Distance to Recepto~ (ml
Physical Stack Height eml
Exhallst Tempe~atu~e eCI
Ambient Tempe~atu~e eCI
Stack Diamete~ eml
Exit Velocity (m/sl
Gas Volume eNm"3/sl

40
1500

50
150

10
1. 75

20
33

•
••

Class
Sigma y
Sigma z

A
306

1065

Standa~d

B
224
171

Deviations
C

149
88

fo~ 1500m
D

98
42

E
73
29

f
49
19

••••••••••••••

TABLE 4

Wind Speed and Direction Summary Zeehan (seven years of recoras J

Calm N NE E SE S S\<i \<i \Ie

% Average of 8 11 8 3 11 5 15 7 32
all observations •

0.3 1.7 3.1 5.8 8.6 11. 4 14. :z
Calm to 1.4 2.8 5.6 8.3 11. 1 13. 9 +

% Avera~e of 8 18 .lO 25 9 5 3
all oDservations
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A Cleaner, Less Expensive Way
to Recover and Recycle Metal
and Inorganic Wastes

Initially developed for processing metallurgical
ores, Ausmelt Technoiogy has been successfully
applied to the recovery of copper, nickel, lead, zinc,
tin, precious metals and iron. Ausmelt has now
extended the technoiogy to process wastes and
residues including lead and zinc slags, EAF dust,
mixed organic and heavy metal wastes, incinerator
ash and aiuminium spent potlining.

Many commercial applications are proving that
the Ausmelt process is a cleaner, safer, less
expensive way to recover and recycle metals and
other organics from wastes.

Ausmelt Technology is in commercial use at
Broken Hill Associated Smelters Australia (silver
dore production), Rio Tinto Zimbabwe (nickel
copper leach residue smelting), Korea Zinc (lead
and zinc recovery from QSL slag and a separate
electrolytic zinc residue treatment plant) and
Bindura Nickel Corporation, Zimbabwe (copper
leach residue processing).

Ausmelt is currently involved in the design,
construction or commissioning of smelters for
Hindustan Copper Limited, India (anode slimes
processing), Metaleurop Weser Blei, Germany (lead
concentrates and wastes smelting), Tsumeb
Corporation, Namibia (primary and secondary lead
materials smelting), Funsur, Peru (tin concentrates
smelting and refining), Zhong Tiao Shan Nonferrous
Metals Corp, China (copper concentrates smeiting
and converting) and Portland Aluminium, Australia
(processing spent potlining from aluminium
production). Plant throughputs range from 72 tpa
(anode slimes processing) to 200,000 tpa (copper
concentrates smelting).

A major factor in Metaleurap's decision to
choose Ausmelt Technology for smeiter modernisa­
tion was the technology's ability to meet strict
German environmentai standards.

The Ausmelt furnace is a high-intensity bath
reactor in which metals can be separated and
recovered, ieaving an Inert slag that meets the most

stringent environmental regulations. Recovered
metals or compounds can be recycled or sold to
mainstream production.

The Ausmelt furnace system is flexible and
easy to operate and control. The system is compact
and closed, virtually eliminating gas emissions. Dust
carry-over from the feed is low, simplifying the
design and operation of the gas cleaning system.
Low capital and operating costs provide further
advantages over other process routes.

Ausmelt provides the technology as a design
and supply package or on a full project manage­
ment basis. A variety of services are available from
Ausmelt to develop and evaluate specific projects
before plant construction, including laboratory
testwork, pilot plant trials and feasibility studies.
Pilot plant facilities are now available in Australia,
USA and France.

Ausmelt is dedicated to developing applica­
tions for the technology throughout the world, and
has been bUilding plants for recovering metals and
treating wastes for more than ten years.

CUTAWAY DIAGRAM OF AN
AUSMELT FURNACE

lANCE
DETAILS

COMPRESSED AI~

PRom:nYE
...0
COAT1~

AUSMELT LIMITED, AUSTRALIA
Tel: +61 3 9794 6200

Fax: +61 397949411
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EAF DUST PROCESSING

481'084

Incinerator Ash Treatment,
50.000 tpa capacity

Reprocessing scrap' steel in electric arc
furnace (EAF) mini mills produces a dust by-product
containing the volatile metals such as zinc, lead,
cadmium and arsenic from the scrap steel. The high
levels of heavy metals mean that the dusts are
listed hazardous wastes in the USA and elsewhere,
and disposal is restricted.

Oxide Product Ie Sale or
Value AcIded Prl)ces5ing.

6,600 lpa
18,7% Zn
1.9% Pb

Fly Ash.

50000 ~a '*'
2,5% Zn
11%Pb

Fll,ll( and FUIlI and
Redu~19nl Coal Air

.,
Stag For Sale

64000 lila
~O_l% Zn
~O.05% Pb

Ausmelt Technology offers an economic,
environmentally sound method of recovering these
metals from the EAF dusts, leaving an inert slag. The
heavy metals are concentrated in an oxide fume.
After further processing using conventional sodium
carbonate washing technology to remove the
halides, the fume can be recycled to a zinc produc­
er for recovery of the metals.

Ausmelt Technology is a proven means of
separating toxic metals from wastes. The technolo­
gy is also able to accept materials containing
organic components that are combusted. The levels
of toxic metals in the final slag product will be low
enough to pass leach tests such as the USA EPA
TCLP test. Metals are recovered to a fume for
recycle to mainstream metal production. I!J

SPENT POTUNING

Toxic waste and municipal incinerator ash
contain a range of materials including unburnt
carbon, giass and metals. The levels of zinc, lead,
cadmium and other heavy metals cause concern
when disposing of the ash. In many cases ash is
currently being sent to hazardous or monitored
landfills, however In the future this may not be an
option. A means of treating the toxic ash before
disposal Is therefore required.

Toxic waste incinerator ash treatment has
been piloted in the Ausmelt piiot plant in Colorado,
USA. The Ausmelt process for incinerator ash
smelts the ash in a molten slag. The volatile metals
in the ash will fume and are collected in the gas
handling system as oxides for recycling and sale.
The process uses the combustible organic
components of the ash as part of the fuel
requirement. Any residual metals will dissolve in the
slag and will be fixed in the crystal structure when
the slag solidifies. Slag can be granulated or cast
into moulds for disposal or sale.

INCINERATOR ASH PROCESSING

Ausmelt Technology offers a low cost, simple
and effective method of processing SPL, destroying
the cyanide and separating the contained fluoride.
The Ausmelt furnace relies on the slag bath for heat
and mass transfer, and in a single step separates the
fluoride, destroys the cyanide and produces a
discardable slag. Slag produced in pilot plant trials
has easily passed USA EPA Toxicity Characteristic
Leaching Procedure (TCLP) tests for fluoride.

Spent potfining (SPL) is a hazardous waste
produced by aluminium smelters. SPL contains
carbon, refractory materials, fluoride, and cyanide
from reactions in the pot. SPL can cause severe
pollution by contaminating ground water or
releasing toxic gases when wet. Many processes
have been proposed in the past for treating SPL, but
few have reached commercialisation, and none
have been widely accepted.

•
••
•

•

••••••••••••••••••
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Ausmelt was founded in 1981 1:0 commercia lise

Sirosmelt Technology, a revolutionary smelting

method invemed by Dr Floyd and developed over the
previous ten years with the Australian

Commonwealth Scientific and InduHrial R.esearch

Organisation (CSIRO).

The technology offers indUStry a low cost, high

intensiry system for smelting base mer.a.1 ores and

concentrates and for winning valuable materials from

waste or discarded materials.

Operating as an independent company under Dr
Floyd, Ausmelt has made extensive improvements to

the technology. extending its application widely into

non-ferrous metal production processes. It is now
known as Ausmelt Technology and the development

of equipment and processes continues.

Ausmelt's experience with this technology is unique,

having designed and supplied commercial plants for
clients over a broad range of scales and processes. For

example, the Korea Zinc Residue smelter processing

125.000 tonnes a year of zinc residues is the largest

Ausmelt plant yet constructed while the Hindustan
Copper Limited Precious Metals Plant treats less than

100 [onnes a year of very high value anode slimes.

Ausmelt's pyrometallurgical processing skills and

knowledge have resulted in development of a great
number of processes, the most recent of which is the

Auslron pig iron process. A joint venture has been

formed. including Ausmelt, to construct a prototype
plant as the neXt step in the commercialisation of the

Auslron process.

Ausmelt Technology is accepted around the world as

offering high intensity reactions. processing fleXibility
and simplicity of design.

Ausmelt Technology offers many potential benefits
over alternate technologies including improved overall

and direct metal recovery, lower capital and operating
costs, improved environmental performance and the

flexibility to handle wide variations in feed type.

Ausme-It Technology is simple to operate, innovative

and versatile, making it appropriate to use In

modernising existing smelters. Ausmel~ furnaces may

be retro-fitted to existing plants to replace furnaces of
older design, or added to increase plan't production by

treating process streams that might otherwise be
discharged as waste, or by providing additional

process capability not available using other systems.

Ausmelt furnaces can be designed to treat small
quantities of materials, and may find application in
isolated areas, treating material that would Otherwise

require transport to a central plant.
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AUSMELT PROCESS

COMPRESSED
AIR

FUEL PIPE

PROTECTIVE
SLAG COATING

The Ausmel1: furnace is a totally enclosed refractory
lined vessel which uses a lance to inject fuel and air

into the bath. The fuel combusts at the tip of the

lance, thereby heating the furnace coments, while the

iniected gases cause vigorous agitation and rapid
process reactions. Feed and fluxes are dropped into
the furnace through a feed port in the roof and off

gases are ducted from the tOP of the furnace.

48 'i 0 8 G

GAS OFFTAKE

LANCE HOIST

FUEL/AIR &
OXYGEN PIPES

LANCE PORT

INSPECTION &
SAMPLE PORT

FEED PORT

PATENTED
LANCE

REFRACTORY
BRICKS

WATER COOLING

FURNACE
TAP HOLE

Because the reactions in the furnace are rapid. only a
short residence time is required to process mOSt

materials. This means furnaces can be much smaller

than more conventional designs. leading to specific
operating and cost advantages.

Conditions in the furnace can be controlled precisely

by adiusting feed, fuel and air flow rates.
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PROJECT DEVELOPMENT
SERVICES

PROCESS DESIGN

Resource assessment through process development and modelling,

mass and energy balances and process flow diagram development..

••••••

Ausmelt's background in developing this technology

provides the knowledge and experience to take a

project from conception through to construction and
commissioning of commercial smelters.

Ausmelt supplies a package incorporating the core

plant required for any application. This includes supply

of the furnace, lances. lance lifting system, and

instrumentation and controls. Also included are

process and basic design, supervision of installation of

the core plant, supervision of detailed design and

insrallarion of associated feed, product and gas

handling systems. Specific additional facilities may also

be supplied for certain auxiliary equipment. such as

coal preparation plant, gas cooler and baghouse

systems. This approach ensures optimum application

of the technology, integration of the total smelter

equipment and maximum project continuity.

I~I
~.~

LABORATORY STUDIES

Smelting is simulated in

laboratory tests to determine

process conditions best suited

to metal recovery from a

client's material and to provide

a basic f1owsheet.

FEASIBILITY STUDIES

Feasibility Studies are tailored to

suit client requirements. A

preliminary feasibility study

typically defines the metallurgical

process, provides preliminary

engineering and costing of capital

and operating requirements.

A full feasibiliry study provides

details of the metallurgical

design. engineering design and

specifies capital and operating

COStS to a 10% accuracy level.

PILOT PLANT
TESTWORK

PilOt plant facilities are available

in Australia, the United States

and France for development and

demonstration trials. Data

obtained in pilot plant testwork

is used in smelter detailed

design as well as studies aimed

at obtaining regulatory

approvals and project finance.

Client staff are encouraged to

attend the trials to improve

familiarity with the technology

and as preliminary training for

the smelter's commissioning and

operation.

key plants or EPCM

Ausmelt Technology is provided to clients together

with a Technology Licence. Where appropriate

Ausmelt is prepared to take an ownership share

in plants.

Where necessary in developing projects through to

the construction stage Ausmelt offers services

as follows.

Ausmelt can also provide turn

services for the complete plant.

•
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High metal recovery to marketable products

Flexible in accepting ranges and variations in feed
composition and type

Clean, environmentally compliant. discardable slags

Effective removal of volatile metals to fume allows high
purity metal products

Product quality can be controlled to meet marker. or
downstream processing requirements

48'1'088

Low dust carryover into the flue gases

Minimal feed preparation is required as the system
accepts variations from run-of-mine crushed ore to
fine concentrates and powders.

Low capital and operating COStS

Low power, water, land and labour requirements

Coal, fuel oil or natural gas may be used as fuel for the
furnace

High fuel efficiency

Multiple batch processes can be performed in one
furnace

Well sealed furnace minimises fugitive emissions and
improves environmental compliance

Operational flexibility including batch or continuous
operation provides economic operation at large and
small scales

AUSMELT TECHNOLOGY
BENEFITS•••

••
•••

•
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WASTE
TREATMENT SOLUTIONS

As the world moves towards improving environmental

standards and industrial practices. new processes are
required to avoid the production of environmental

problem materials, and deal effectively with existing
problems.

Ausmelt Technology has made a major impact in

this area.

Ausmelt Technology has been proven to be extremely

effective for treating metallurgical wastes,
separating toxic and potentially valuable components

for recycling.

Wastes successfully processed using Ausmelt

Tecnology in either pilot or commercial scale plants

include;

zinc/lead residues including jarosite and

goethite,

electric arc furnace dust,

lead ,Iag'_

flue dusts

leach residues,

SPL (spent potliner) from aluminium

production, and

toxic waste and municipal incinerator ash,

and speiss and other metallurgical
intermediates.

These and many other wastes can be processed using

Ausmelt Technology, to produce env.:ironmentally
acceptable products, often with signific,nt economic
returns from the recycle of ...aluable products.

The capaCity of Ausmelt Technology to recover heavy

metals to the gas phase, and precious metals to a metal

phase while producing a benign glass or slag that can

meet TCLP test requirements places Ausmelt

Technology in the forefront of waste material
reco...ery systems.

I,

I:
"



WASTES
Spent potJiner
Incinerator Ash

-Chemical and

, Industrial wastes
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11
LEAD
Lead concentrate smelting
Secondary lead smelting
Lead furnace slag processing
Processing copper dross from lead refining
Lead softener slag reduction
Reco....ery from lead residues and fumes
Lead retort bullion cupeliation.

PLATINUM GROUP
AND PRECIOUS
METALS
Silver re~oit cupellation
Anode slimes processing
Leach residue processing
Precious metals concentrate
smelting
Refraccory gold concentrates
Recovery from complex
intermediates

Tin concentrate smelting
Tin slag reduction
Sulphide fuming of refractory tin ore

Tin fume smelting
Tin oxide fuming

TIN

IRON
Ausmelt has successfully

produced good qualicy pig iron
from a range of iron ore and

various qualities of coal. SpecifiC
process advantages include use
of medium grade iron ore and
coal. not metallurgical coke. for
processing.
Converter, Blast Furnace and
Electric Furnace dusts can also
be processed to produce
....aluable by products.

ZINC
Zinc fuming from Imperial smelting Furnace slags
Recovery of zinc from leach residues
Zinc sulphide smelting and fuming

Recovery from Electric Arc Furnace dusts

--
tKP_i ffi

AUSMELT APPLICATION
IN NON·FERROUS AND
PRECIOUS METAL
PROCESSING

COPPER
Copper concentrate smelting

Copper matte converting
Copper/gold ore smelting
Copper recovery from slag
Copper anode furnace slag reduction
Copper scrap smelting

••

•NICKEL
Nickel laterite smelting

~hckel concentrate smelting
~ickel recovery from slag

Nickel copper residue smelting

.iCkel matte converting

••

•

•

•

••
•

•
•
•••

•



AUSMELT MARKETING REPRESENTATIVES

"'_....ILl.J.....--------....,j-----------

Mr Alfredo Cuadros
PO Box 10852
La Paz
BOLIVIA
telephone +5912712109
facsimile +59'2711 154

Mr Peter Vernon
1 Midhursl Way
Constantia
Cape Town 7800
RE:::lUBLIC OF SOUTH AFRICA
telephone +27 21 7'24 1092
facsimile +27 21 7941092

,18','091

IVALUATION

CONSTRUCTION

OPERATING

••
A

(j

Bulgarian International
Services and Investments
Ply Ltd (BI51)
205 AL Stambolyski Blvd
Niproruda Building
Sofia
BULGARIA
telephone +359 2 920 0057
facsimile +359 2 920 0062
telex 24476 81S1 SF.8G

Veera Engineers
C-l Oliver Mansion
Megal Lane, Mahim
Bombay 400 0 T6
INDIA
telephone +91 22 444 9405
Jacsimile +91 22 444 9405
telex 011 75869 VEPL IN

•
•

Ausmelt Technology
Corporation
1331171h Streel
Suite Ml03
Denver Colorado 80202
USA
lelephone +1 303 295 2216
facsimile +1 303 295 7605

Bipromet
ul Graniczna 29
40·956 Katowice
POLAND
telephone +48 3 155 251 7
lacsimile +48 3 156 1342

Piret & Stolberg Partners
1m Licht 12
0-47279 Duisburg
GERMANY
telephone +49 203 722 396
facsimile +49 203 723 947

Ausmelt ltd
12 Kitchen Rd
Dandenong
Victoria 3175
AUSTRALIA
telephone +613 9794 6200
facsimile +613 9794 941'
leiex AA38615 KEWTEL

The Beijing Central
Engineering & Research
Institute for Non-Ferrous
Metallurgical Industries (ENFI)
12 Fuxing Avenue
Beijing 100038
CHINA
telephone +8610 6396 2233
facsimile +8610 6396 3662
telex 22194 GDINM CN

Mr Max Oemick
Valenzuela Castillo 1852
Santiago 21
CHILE
telephone + 56 2 205 1674

+ 56 2 204 2675
facsimile + 56 2 209 8129
telex 340695 MINEX CK

••

•••JiJ.

GLOBAL ACTIVITIES

in

• Bateman Minerals and
Industrial Limited
PO 80x 25937

•

East Rand 1462
REPUBLIC OF SOUTH
AFRICA
telephone +27 11 8992756

• lacsimile +27 11 894 5157

•

•

•
~

•
••

••
•

••
••

•Ecolink
Postbus 371

•
3960 BJ Wijk Bij Duurstede
THE NETHERLANDS
telephone +31 3435 73869
lacsimile +31 343578822••
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MAJOR PROCESS AND EQUIPMENT
DEVELOPMENTS BY AUSMELT

1. Furnace design and construction methods including, lance handling
facilities, material transfer systems for feed to the furnace, tapping
facilities and arrangements as well as control systems and sensors.

2. Improvements and modifications in refractory and furnace shell design.

3. Liquid material transfer between furnaces by simple weir system.

4. Smelting copper concentrates and ores.

5. Batch and continuous converting of copper and nickel matte.

6. Stibnite smelting and fuming for gold and antimony separation and
recovery (Patented).

7. Gold and silver recovery from a range of primary and secondary materials.

8. Lance system redesigned using shroud air for improved performance as
well as process advantages. (This lance system has been patented by
Ausmelt and is a major extension of the original Sirosmelt system.)

9. Zinc-lead-silver concentrate smelting. (Patented).

10. Smelting zinc plant wastes, including jarosite and goethite, and similar
materials. (Patented).

11. Zinc slag smelting and fuming. (Patented).

12. Lance design for high levels of oxygen enrichment of combustion and
process gases.

13. Ferro-nickel production from laterites. (Patented).

14. A new lance and furnace system for iron production from low grade as
well as high grade resources. (Patented).

15. Desulphurising nickel matte.

16. Processing complex lead-zinc-copper-precious metals concentrates and
other materials.

17. Processing "dirty" or complex copper concentrates and other materials for
multi-metal recovery.

18. Smelting of various fumes and dusts including copper smelter dusts and
EAF dust.

19. Special lance design for powder and dust injection using an injector.
(Patented).

20. Processing of spent potlining from aluminium smelters jointly developed
with Alcoa of Australia. (Patented).

21. Processing of toxic and heavy metal containing wastes to recover metal
values and produce a benign slag. (Patented).

22. Processing of cobalt bearing materials to recover cobalt usually together
with copper or nickel to a higher value metal product. (Patented).
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10,000 1984 Ro.by SmeJtina copper concentmtes 135 to 400/0 Ausmclt, RMS Ausmelt, RMS
Cu concentrates Downs Cui to produce blister copper and slaa.

AUSTRALIA Slaa used in leach testina.

1,000 1985 Greenbushes Tantalum slaa production from Ausmelt, Greenbushes
Stihio-t antalite AUSTRALIA concentrates 125% Ta,O., 22% Sn, 15% Greenhushes

Sbl. enriched hy fumina tin and antimony.

Various 1986 Dandennno Multi-purpose pilot plant facility. Used lor Ausmelt Ausmelt
AUSTRALIA Fe, Zn, Pb, Cu, Ni, Au, Aa and others.

Flash Furnace 19B7 Kalaoorlie Ausmelt lance injected into the Flash Ausmelt Western Minina
Accretion Removal AUSTRALIA Furnace to remove accretions. Corp.

10,000 1989 Arnhem Smelting combined tin concenlrates (35 to Ausrne1t, HMIB HMIB
Sn Concentrates HOllAND 42% Sn) and slaas 1015% Sn) to produce

tin metal.

90,000 1990 Cockle Creek Fumina ISF slaa 16 to 10% Zn, < 1% Pb) Ausmelt/Sulphide Sulphide
Zn Slaa AUSTRALIA to produce a zincllead oxide fume product. Corporation Corporation

1,200 1990 Pt Pirie Cupellation of retort metal to produce BHAS BHAS
Bullion AUSTRALIA silver dore.

7,700 1992 Eillel Flats Nickel leach residue smelter producina low Ausmelt, Rio Tinto Rio Tinto
Ni Residue ZIMBABWE sulphur matte for further processina on Zimbabwe Zimbabwe

site.

100,000 1992 Onsan Fuming lead and zinc lrom QSl slaa to Ausmelt, Korea Zinc Korea Zinc
Pb/Zn Slaa SOUTH produce lead/zinc oxide fume and

KOREA discardab'e slaa.

Various 1993 Colorado Pilot plant lacility. Aimed at waste Ausmelt, Ausmelt Ausmelt, Colorado
processing development/demonstration, Technoloav Mineral Research
and Fe, Zn, Pb, Cu, Ni, etc as required. Corporation Instilute.
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72 1995 Ghatsila Ausmelt to design and supply a smelter to Allsmelt/HCL HCL
Anode Slimes INDIA process anode slimes to silver-gold bullion

at HCL's GhatsilB smelter.

1,000 1996 Paris Pilot plant facility for Metaleurop in AusmelUMetaleurop Metaleurop
Primary & FRANCE support of Nordenham project. Recherche
Secondary Lead

10,500 1992 Bindura Production of blister copper containing Ausmelt/BNC BNC
Copper Leach ZIMBABWE precious and platinum group metals,
Residue nickel/copper alloy and discardable slag.

Multiple operations in a single furnace.

120,000 1995 Onsa" Processing current production and Korea Zinc Korea Zinc
Zinc Residues SOUTH stockpiled goethite together with jarosite

KOREA and primary leach residue to produce zinc
and lead fume and discardable slag.

30,000 1996 Pisco Smelting Minsur concentrates to produce Allsmelt Funslir
Sn Concentrates PERU tin metal.

120,000 1996 Nordenham Replacement of the traditional sinter plant AusmelUMetaleurop Metaleurop
Primary & GERMANY and blast furnace with Ausmelt
Secondary Lead Technology for Metaleurop to produce

lead bullion,

120,000 1996 Tsumeb Replacement of the sinter plant and blast Ausmelt Tsumeb
Primary & NAMIBIA furnace with Ausmelt Technology for
Secondary Lead TSllmeb Corporation to produce lead

bullion

12,000 1997 Portland New process to treat spend pollining from AusmelUPortland Portland
Spent Potlining Victoria aluminium smelters. Aluminium/Alcoa Aluminium

AUSTRALIA

170,000 1998 Zhong Tiao New continuous smelt/convert Ausmelt AusmelUZTS ZTS
Copper Shan copper smelter.
Concentrates CHINA
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Ausmelt development of
top-submerged lance technology

J. M. Floyd and W. E, Short

•
"

40-60%.:2·3 Fuel and fine materi.::;ls are cor:veved down th~

lance through inner tubes. Coarse ma[eriJ!s Jr~ d!'opped inro
the furnace through a fe~d port Jnd are r::pldJy incorpor:He''':
into the bath on the cascading slJ!2' su:"hce.

The simplicity of the system'; ope~:J.[lon and equipm~;,i
requirements disguise th~ sODhisricJtlon of the reJctior.
regimes present within the furr:°:lce. The:-e 'lore several differ­
ent regions. as shown in Fig. 2: r~~ r:::Jction lone in (he
immediate vicinity of [he lJ:n~e rip. WhlCh cJ.n be oxidizing.
neutral or reducing; the slag surr'JCe, ,.. here smelting re:J.c­
tions occur under oxidizinS!. neucr:d or r:::ciL.:cin'l conditions:
the furnace bottom. which-c~n be relatlvel:-' q'J~escent. wi(~
the Jance raised high in the bJth. or \\.'e:l stIrred. wirh ch~

lance injected deep imo the furnace ..:onren[s: and the g::::
plume region. where re:J.ction5 bet\ve~n rhe combust~c;"

gases and the slag bath occur.
The lance is readily lowered :1nd rJised [;1 :he furnace l('

conrrol the stirring of the b;:l[h. If adv:lntJgeous, it is poss~·

ble to 3void srirring the bonom of the bJlh b:-- Jdjusring th~

depth of injection. Lance posl:lon is Jon imponan[ operJtin:;

Fig. 1 Schematjc sect jon through Ausmelt furnace

Ausmelt technology

The technology centres on a simple lance (hrough which
process air and fuel are delivered beneath (he surface of a
liquid-slag bath. The steel lance is non-consumable and is
prme::ted from the furnace contents by a coating of frozen
slJg. The sl::g coming is established by carefully lowering
the lance into the slag with a pause above the bath to allow
splosh [0 freeze on the lance. The tip of the lance is nor­
mJlly well b~low the st3.tic slag level of the furnace
concen[s. Th~ process gases are thus injected deeply into the
s1::lg and create very rurbu[enr conditions in the bath. This
turbulence prom,ores very rapid re:Jcrions and the sme][jng
c:lpacity is high for the fur:18.ce·s small size. Excettent con­
tact becwe-en the slag and the process gases also allows high
fuel efficiency. \

The lance is located cenrr::J.lly in the furnace. which is
cons[ructed as a re:frJctory-lined cylinder. Where very
aggressive slJgs. mattes or metJls are present or high tem­
perJ(ures Jre employed warer cooling is required behind rhe
refrJctories to ensure Jcceptable refr<lcrory life between ves­
sel relines.

For specific J.pplicJ.tions speciolly designed lances can be
used to JChleVe oxygen enrichmenr of process gases of up to

Smelting copper concentrates and ores
Ba~ch and continuous converting of copper and nickel maite
Stibniee smelt:ng and fuming for gold and antimony separation
and recovery (patentee)
Gold and silver recovery from range of primary and secondary
materials
ZinC-lead-silver concentrate smelt:ng (patemed)
Smelting zinc plane was~es and similar materials (patentedl
Z:nc slag smelting and fuming {pater:cedl
Ferrcnickel production from laterites (patentedl
Iron praduc,ion from low-grade as well as high-grade resources
rparented)
Desulphuri:ing nickel matte
Processing complex iead-zinc-eopper-precious metals concen­
trates and other marerials
Processing 'dirty' or complex copoer concentrates and ather
materials
Smelting of various fL.:mes and dusts

The top·submerged lanc~. as state~of·che-an smelting tech·
nology, produces a cosc-effective. efficient reactor that is
app lied [Q the complete range of smelting and processing
operarions currenrly perfonned for non-ferrous. ferrous and
precious, metal materials. It also has the ability to open up
new de"elopme:'Hs and opportunities in separ:J.ting metals
wich processing srages that are not possible or readily
achievable by use of other technologies. The origins of the
process are described in previous papers.I.2·J Major process
developments are listed in Table 1; a schematic secrion
through an Ausmelt furnace is shown in Fig. l.

• Table 1 Major process developments by Ausmelt

•
••
•
•••••••
•••
•••• 13
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The process can be stopped [0 allow a reaCtant or collect­

ing material to be added to the furnace or a product [0 be
removed. thus allowing a series of op~rJ[ions to be carried
out on a single charge. The furnace C:1n be left on standby
heat for long periods of time and the contents can be rapidly
made fluid again by lowering the lance. Inrerruptions caused
by labour or other problems do not cause major process dif,
ficulties.

Ausme!t lances have also been used in ocher furnaces,
such as copper~smeJ[ing reverberatory furnaces, ell::ctric
slag reduction furnaces and Outokumpu flash furnaces. [0

improve operating conditions in the bath.
The advantages of the technology include its intense and

controllable stirring and its ability to accept a wide rJnge of
feeds. ranging from run-of-mine crushed are. wet slimes,
sludges and muds, which are fed through a feed POrt in the
top of the furnace, to fine concentr:::J.tes and dusts. which are
injected via the lance. These features, together with the sim·
pie design of the furnace, allow planes to be built for lower
capital costs [han competing technologies. The technoiogy
is radically different from conventional technologies, and
this has introduced an additional level of caution in its
accepr:lnce. A list of Ausmelt-designed smelters is included
as Table 2. Commerci:::lI top-submerged lance technology
smelters have been constructed and operared for a wide vari·
ery of feed materials. Further smelters are currently in [he
development and design stage.

Blister copper production

SHELTIHu ANQ
RS.O....:lNC Za-tE

r~OZEN SLAC LATcrt
rT-c.~10 ~ROrECT ~HC~

.' .
•

'. .'
" I
I

~:" :.',. .

~~"~'~S555~~~'~~j....... 1-l~jAL./f.':'ArTg i,l.i'HCl:;t 1/ I I J 'J I

/ "-
QUlESc:::~r !CNE Ca-lBUS!IOI1 AHO

QX10lSlKa ZOHe:

•••

•
••
•
•Fig. 2 Reaction regimes within Ausmelt furnace

.parameter as it allows the slag: ro separace from meral or
matte phases. In the process for producing tin meta]

•
. desc:-ibed herein. the lance posicion is i.mponant in produc­

ing metal wi(h a low iron coment suitable for further
processing in a rin refinery.

• Table 2 Ausmelt smelters

Ausmel[ has developed a process for the production of blis­
rer copper (containing any precious-metal values) from the
processing of copper cancen[rates. Eicher one or two fur­
naces are employed. de~ending on [he scale of [he
operarion. The process flowshe::( is shown in Fig. 3.
Submerged-lance combustion re:hnology is parricul<:..rly
suitable m the process of coppe:- concemrare smehing and

•
Capacity, t/year.
and feed type

Operational Location
since

Purpose Commission Operator Comments and
references

7500

• eu cancs

•••
Flash furnace
ac=retion rer:"1oval

15 000
Sn cancs

1984

1985

1986

1987

1969

Aoxby Downs Co~per slag prcducticn Ausmelt. RMS
Australia

Greenbushes Enrictling Ta slags Ausmelt.
Australia Greenbushes

Oandenong Multi·purpose pilot-piant Ausmelt
Australia facility

Kalgoorfie Lance in flash furnace Ausmelt
Australia

Arnhem Tin smelting Ausmelt. HMIB
Netherlands

Ausmeit. RMS

Greenbusi"les

Aus~elt

Western
Mining Ccrp.

HMIB

To produce slag
from eu c.::lncs. ii

Fumed Sn and Sb
from Ta slags

Used for Zn, P':l.
Cu. Ni. Au and rr:any
Iilcre

Furnace ac.::~erian

removal

Detailed desigl'1
performed by
HMIB'

105 000

•Zn slag

15CO
Bullion•7500
Residue

• 90 000
Slag

1990 Cockle Creek Zn fuming from IS;: slag Sulphide Sulohide
Australia Corporation Corporat;on

1990 Pt Pirie Cupellation of Ag alloy BHAS BH.J,S
Australia

1992 Z:mbabwe Leac!l. residue sme!ter At.;smefr, AT2 Rio Tinto
Zimbabwe

1992 Onsan Zn fuming from QSL slag Ausmelr, Korea Kc,re3 Zinc
Korea Zinc

Fuming Zn anc: Pb
from IS;: slag,3

Cupel A.g from
reton: i.1e~aI9, 70

Ni-C~ residue
desulphurization

Fuming Pb am::: Zrl
from GSL slag

• i\.finerals Indunr:: Interr.ational, March /99-/. 19
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m;:t[te convening because of the intense stirring Jnd control­
l::J.ble o;<.id;::uion of the sulphides in the bath.

c;ran\lla!ltd Con....',.r
51ill; R..::ycll!

Slag and i

enl~in.d M.IIt':ll .,
ISettler I

Oiscard Slag~ " r I=~~~n .Ind

I Man• .---L-.Li J
L-i

I 1 IConverting FumaCl!!
~ GranUlllllon 1'":1~'---=--I. .J

'----" COn"""_r Slag i,
Bliner COPPH

Fig. 3 Blister copper process flowsheet

In the [wo-fumace operacion concentrates are fed con[inu~

Qllsly to the smelting furnace. WIth tluxes and recycled
materials. m produce mane containing approximate:y 60%
copper and disc:J.rd slag containing less than 0.69'c copper.
Slag and entrained m::me overflow [0 a settling furnace.
whe:-e they are separated. The slag is rapped and granulated
before being discarded as landfill or sold as aggregate to the
construction industry. The small amount of enrrained matte
is barch-tapped and [ransferred [Q the converting furi1ace.
The majority of the mane flows from the smelting fum::lce [Q

the ccnvening furnJce via a we:r and launder system. The
conve:-rer oper:ltes continuously. producing blister coppe:"
that can be taFped either continuously or in batches without
;nrerrupting the converting ope:"::J.rion. The metal prod'Jct is
suitable for furt~er processing in an anode furnace and elec­
trolytic :-efinery.

As a result of the high oxid::Hion rares in [he conVerter Jnd
the fac[ thar the sLng phase is in CGnt;].ct wi[h the metJI. high
levels of copper are present in the converter slag. This slJg.
therefore. is batch-topped. granulated and recycled to the
main smelting furnace as feed.

Off-gases from ['he furnaces require SO: removal prior to
discharge. Depending on the scale of the operation Jnd local
market requirements. sulphuric acid production from fur·
nace oif-gases is often economic3.11y justified.

Operating the process in two furnaces is appropri:ue
for smelters with a concentrate intJ.ke of more th:::m
100 000 t/yeor. At s1T.alkr scaks a single-furnace. batch
operauon IS required. During smelting discard slag is tapped
as required while smelting of cor.c-:ntrares is conrinued until
the furnac~ is full of mJ[[e. Once [he furnace has reached
capacity [he maue is convened to blister copper. The can·
vening-sLJ.ge slag remains in [he furnace after the blister
copper hilS been tapped and is reprocess.ed in the subsequent
smelcing stJge. 6 The oxidation level of this stage is con­
trolled in the process by o.ddition of coal.

The versJtility of the furnJce system allows the feeding
of any quantity and mosc qUJlities of secondary copper
mate:"lals. such as copper revens. anode scrap copper meral
:rna wire. It C.:ln also be used [0 proc~ss complex copper con­
centr:::.tes that contain elemen:s normally considered
undesirable in conventlOn::l.1 copper circuits. Bismuth. lead
and lJnC can all be removed to very low levels by the '::l'ppro­
priate choice of oper.:ring conci(ions and can be recovered
in a fume that contains very linle dust and which C:J.n be sold

20
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or funher processed to produce marketable produc:s.ll.l~

The blister copper produced from the process will con!.J.~n

suitably low levels of these impurities. compatible wirh tr.e
requiremen(s of the refinery. These results can be attribure::
to the ready contra! of process conditions and the low dust
carryover that the technology facilir':Hes; appropriate desl£r1
and operating conditions allow dust c:J.rryover in the
Ausmelt system to be consistemly less th:J.n 1% of the fe~d

r:J.ce.5
Comple:t C'onCeL1tr:Hes are usuallv available at a lowe.

price than cleJ.n. hiszh-2.rade conc~:1tr;3.tes. so lon!!-term
contrJ.cts under favo-ura'-ble conditions are likely -to be
achievable. Plant deSIgn will ne~d to include the process
steps necessary to achieve separation of the different COrli­

ponents to marketable products so as to provide the require::
capacity and product quo.lity assur::lnces.lJ-16

Nickel-cop per-precious metals concentrates
and residues

Like blister copper production from copper conce:1trJu::s.
the processing of nickel--coppe:" con~emiares comprises two
st.:J.ges. Ausmelt has demons~rated in its pilot-plant i~

Dandenong. Australia. [he high recoveries and low coppc:;
and nick.el levels in discard slaz that can be achieved.
Discard sla.g and mat~e are produ;~d in the smelting stOoge.
The product of the convening srage can be conven:ion.:.l
high-grade matte. desulphurized nick.el-copper mane 01

even desu]phurized nickel mane. 17

Ausmelt has commercialized a process for the tre~ltmer:t

of copper-nickel leach residues Oot Empress Nickel Refine:-y.
Eiffel Flats. ZimbJbwe. 18 The commeiciJ.1 ope:"J.tion t~kes

place in a single furilJce. The process involves a smelting
sta.ge that produc~s m:ne comJ.ining 6% sulphur. which is
rapped from the furnace and granulated for further refining
in a leJch circuit. The slag c::In be periodicJlly reduced to
minimize dissolved copper and nickel in slJg. A figure 01·

1.0% combined nickel plus copper in slJ-g can be Jchieved
when the plant is opcared to include an appiOpriare sL):;
reduction stage.

Cupellation

Ausi11~lt technology has been suc::essfu!ly applied to cupe!­
1.:u.icn.Q

· IO The process ailows for produc[ion of high-gr:J.c:::
precious me~al. of anode qualiry or similar, from VJri01l5
feed marerials. including coppe:- anode slimes and re~cr:

bullion. The fUr:1:lce is a steel. w;].te:--cooled cylilider line~

wi(h refr.:!.ctories. The top-submerged lance provides rer
combustion. oxid:ltion ::md reducion of [he b3.rh u:1der tur·
bulent conditions. thereby producing efficient ne:H and lTlJS:i

rfJnsfer for smelting. oxidizing and reduc:ng ope:-J[lon::;
The lance design promotes good metal-gas conrJc[, res;.JiI·
ing in a high spe::ific smelting fJre. The efficie:1cy of tn=
lane: allows the furnace to ,be staric. requiring no mechani­
c::lI drive or tilt rnechJnisms.

The Ausmelt c~JpellatlOn system is well suited ro smelrln~

:md cupelling rewn bullion and copper anode sJirr,e:::
A metJl qualiry suitJole for casting anodes for rr..~ s.::par.:­
[ion of siiver and gold is Jchiev::lble and che process:s r:J.~ic

and efficicnc. Bc:1efits lie in the high recove:y. reduc::::":
precious-metals inverHory and 10 v...· process requirements ler
fuel Jnd fluxes. The furnJce is also cJDiJ.ble of processing J

variety of mate:":Jls. including spenc ;efractOries. sl::Lg and
fume.

Three altern::nives to trJdi[ional cupellJtion technolo~>

have been tcs[ed and used on a comme.cI.:!.1 sc.:1= in rec=1:

~!iill! ...a!s [nallsi/'Y Inre!'lwrin!1c.'. :Harc!r /9 c ..:.



•times: the top-submerged lonce system (Ausmeltl. the top-
blown rowry convene' (TBRC) ond bottom-blown oxygen

.cupell.ation. The strength of [he Ausmelt cupellation system
is its simplicity. The srotionory design, flexibility of fuel
type and ease of l:lnce repJir without interrupting the pro-

• cess are definite o.dvanrJges of the Ausmelt system.

Iron smelting

• In its pilot-pion! in Dondeoong Ausmelt hos developed 0

new rechnology to produce pig iron by the smelting of low-

•
grade iron sources unsuitable for treatment with trJdition:J.l
techno[ogies)·l9 The types of materials that can be smelted
include be:1ch sands. ilmenite. residues from smelting. zinc
plant residue. red mud from alumina renning. fines from

• pellet handling operations. primJry iron ore and intermedi­
ates conraining high levels of zinc.

•

•

I
I
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Fig, 5 Process f10wsheer for typical tin concentrates

Tin smelting

J.nd very straightforwJrd to implement by compJrison with
ocher technologies. (4) The furnace system is oper::Hed unde:­
negative pressure. which gi ves a safer Jnd environmentally
better operation than processes oper::lting under pOSitive
pressure. (5) Low-grade (cheop) iron SOurces ore acceptoble .
so the cost of feed moteriol con be low. (6) Feed preporocion
is minimal since lump materials can be fed without grind.
ing. Fine material CJn also be fed via a simple feed system.
(7) All equipmeot. such as thot for feed hondling and gos
handling. is conventional, apart from the furn.:1ce and lances.
(8) Any grade of cool con be used os fuel. (9) The fumoce is
S[J.rion::uy and has n.o cuyeres. so the maintenance of refrac­
tories and mechanical equipment is e::J.sier than in compering
technologies. (10) Complere combustion of the volotiles ond
re::J.ctton products is achieved within [he furnace under con­
ditions that maximize rhe recovery of he::u co the bach.

The system has other advantages in Common with many
new direct-smelting processes. including the capacity to
produce electricity surplus co the plant's own requirements.
which can be sold if appropriate marketing arrangeme:ltS are
possible, and the foct thot smoll production units con be eco­
nomic. allOWing application to smaller resources.

T
Discard Slag

48,'098

concentro.res is cJ,med out at approximJ,tely IlSO°C under
sligh(ly reducing condirions. v,'hich o.r~ obt.:lined b~ the
addition of lum'P coal with the conc~n~r.J.res. To ens:.Jre high
tin recoverit:s dust and fume frofT:. the smelting and reduc­
tion stJge5 Ore recycled CO the fUr.1J.ce \\iith the concenrrat.:
feed. Fluxes are .:lIsa fed to the fumo.ce durin£: smehinz,

The metal produced during smelting colle;:s in [he qUi~s­
cent zone in the furnace base and is perioc:c:J.lly tapped into
moulds. Smelring (i.e, with the l::lnce submer£ed) C:l.n con­
tinue during t.:lpping. so the latter docs not cause plant
dO\\intime or production losses.

Ausmelt has signific:lnt experience in th~ area of processing
tin concentrates to produce high-grade tin me~al suitable for
further refining in a conventional pyrometallurgicaJ tin
refinery. Also ob[ained from the process is discard slag con­
raining less rhJ.n 0.5% tinJ

The process flowsheet for smelting ryptc:ll [in concen­
trates involves a single furnace (Fig. 5). The smelting of tin

Slag '----.. Hardhud Melal

, (Rec'fcled to smelt s:3gel

Cptlonal :--.. nn FumeL ,~SI:.~9~F~u:m~in:g'..J (Rec'ICled 10 1melt slagel

Iron smelting technologyAg.4

A schematic illus:ration of the process is presented as
Fig. 4. The ore or fines, together wich lump coal and flux.
are fed ro the furnace continuously through a sealed pon
system. Fine coal. oxygen and air are injected down th.:
l:J.nce to provide efficient submerged combustion, generat­
ing the energy for the smelring re:::Lctions under strongly
reducing conditions. The fuel used can be fine coal. natural
gos or liquid hydrocorbons. the choice depending on the
availabillfy and COSt at a particular locarion.

Carbon monoxide and un burnt volatiles from the coal th'::H
rise .1bove the bath in the smelting and combustion gases are
completely burnt in a controlled manner to ensure efficient
he;:u recove:-y to the bath without reoxidation of the slag or
metJ.1. posc·combustion was demonstrated in the pilot·p!ant
development.

Meta! and slJg are tapped from the furnace at regular
intervals as the furnace re:lches CJpJcity. The slag will be
cJpped into ladles and eicht::" cast into moulds or granul::ned
to suit rr:.arket requirements.

The process has several advanr.:lges over orhe:- technolo­
gies. (1) The re:lctions take place in a slag bath that fOnTIS :l
bJITier between the reactive met:ll and the re!:ltively high

. o:<ygen levels required for efficient he::H recovery. This
comp~res favoui:::.bly with ocher direct smehing processes.
which involve inje~tion inco the iron bath. (2) A very impor·
w.nt advantage is that the [echnology requires only one
smelting reactor. with dir~::t feed of ore or concentr:Hes to

the furnace. (3) The use of conventional facilities for waste­
heat recQve:-:; m.:::.kes it easier to oper:lre. cheapl::!" to build

•

••

••••
••
• Jf;,rera{s Industry International. ,'l"fu)"ch 199c.;. 21
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C:lal-_,

Fig. 5 Process f10wsheet for high-grade lead concentrates

SLAG RECUCnON

•
LUd -Bullion

9a~~ Po
.2~ ClJ •

High-grade concentrates are fed wi(h coal to the smelting
st::lge [Q produce leJo bullion and hiozh-IeJd shg. The bullion
is periodically tapped from che fum;'ce and sm~!ring contin­
ues until rhe furnace reaches capacity. Slag reductio-n is then
commenced. which produces lead bullion and a s:aQ: con­
taining appro:l;:imately 2% lead and29'c zinc. If require-d. this
slag may be cleaned under reducing condi(ions [Q produce: 2­

iead-z.ir.c fume for sJ,le and discJrd sl<lg.
The fume products' from the smelting and slJ.g red:J.crion

stJges are recycled [0 the smelting stage for increJsed leJG
recovery cO bullion_ Smelting is performed with high levels
of oxygen enrichment to minimize the qu.:mriry of gas p:::.s~­

ing rhrough (he bllr,h. so minimiz:ng the amourH or" fi.lrr:~

being recycled.

Complex concentrJtes
Ausmelt technology has beer. shown in pilot-plant J.nd com­
me:-ci~l oper:Hions 10 be suirJbie for s~p:1ral:ing the: val~:1iJl=

meuls in compie.'( materiJ,js comaining. fer e::<J.mple. leJd.
copper. zinc and silver.I~.,j.lJ. Crushed ore or concentr::Hes
J,re smelred with the appropriJl:e tluxes to produce a sL::l.g
conraininz most of [he zinc. a ma[re comaining most of rr,c
copper an-d silver .:lnd a fume containing mOst of the: leJd.
The le:ld·rich fume is collected in a baghouse for subsequen:
tre:Hment and che m::me and slag are tapped through a fore­
he::lnh. where [hey J.r~ se;Jaracr;:-d. The slJg is procC'ssed b_~

reduction. either in batches in the same furnilce or cominu­
ously in an Jddirional furnace, [Q produce a zinc-rich fUl7lc
suitable for sille or funherprocessing for zinc production.
The le:ld-rich fume is reduced in a sepi:1r:l[e fum:lce to pro­
duce le::ld metal, zinc-rich slag ar.d J fume stre~m thJt i.::
immediar,e!y :-ecycled in (his furnace. The slag product is
re:urned to the mJin smel~ing furn.1c-: w reC,Jve:- zinc ane
lead further.

Vih~n llsed fOj sbg cleJ.rJing ope:-:Jrions tne .-\usmelt pre­
cess has [he c,Jpllci!y also to remove such toxic elements :2'::

J.rsenic. anrimonv and cadmium to Ver'J low le."els. The dis­
cJrd slJg CJn. [h~refore, be a very c]e;n product. cJpable cr
mee(ing [he rT.ost s~;"ingent e:wircnme!1tal resting s:J.ndJrds.

The -choice of ope;atlng strJtegy for J p:l;1icula;" fee":
matef1:J.l is an economic deCIsion th.:J.l: CJn be m2.de b;, Ir.~

SUG CLEANING
(H required)

High~gr:lde concentr:ltes
Dlfect smelting to produce lead merJ.I under oxidizin2: cor,.
ditions is possible if the concentrates ::Ire of sufficiently hiQ'r­
grJde (>55% lead). A nowsheet for [he processing of hiiZh-
grade lead concentrates is presented as Fig. 6. - -

Lead smelling

Once the level of slag in the fUrTIJce hils reJched design
C:J.pacity concentr:He smelting is h:l!red :lnd slag reduction is
cJrned out in [wa sequemiJI operations: mild. primary
reduction followed bv a SeTon!!. secondary reduction. The
bath temperature is ;lIowed [0- rise to 110QoC during pri­
mary reduclion and lump coal is fed un[il [he level of [in in
slag drops to approximately 4%. Once this level is achieved
[he metal product is topped from the furnace and seoondary
slag reduction commences. During secondary reduction the
remper:J.cure is allowed to increJse further to 1300°C. with
continued lump coal addition. 1t is during this stage that
hardhead (high [in-iron alloy) is produced. When [he level
of tin in the slag falls to below 1% most of the slag is rapped
and granulated to be discarded. A small slag heel and [he
hardhead remilin in the fum:lce for the ne:tc sm~l[ing cycle.
Ausmelt has shown thJ.( as (he ne.'<L smelting cycle begins
the iron contained in [he hardhead metal phase is readily
reo:ddized and transferred to the slag phase. 20.21

Slag fuming is a supplementary operation by which the
level of tin in discard slag may be reduced to even lower
levels. This sta.ge requires temperatures in excess of
1400c C. necessit::ltifig special acrenrion to furnace design
and :-efracrory maintenance. For the slag fuming process to
occer effectively all the hardhead in [he furnace at the end
of [he second-s:r.age reducrion must be rapped for recycle [0

the smelting stage.
Minor elements in the system beh::l.Ve much as in conven­

tionJI tin smelrers.l2

In cor.vencionaI rin-srr.elting processes a common prob·
jem is the co-reduction of iron with the tin. The iron-tin
alloy produced is recycled to the smelting stage. which lim­
ii:s the recovery of ~in because the iron recycle must be
conrrolled to a manageable level. Consequently. [he final
sbg cannot be reduced [Q very low levels of (in JS that
would involve the reduction of excessive amounts of iron.
AusmeII can dirr.inish ~his problem substantially by comrol
of [he equilibri:ltion reJ.ctions and by taking Jdvancage of the
kinetics of [he reduc(ion/oxid:Hion reJcrions. The main dif­
feren::e oe('"vee:1 the ..:\usmelr furnace Jnd trJc.i(ionJ.l
furn<lces is thJt slJg reducrion occurs very rJpidly. By
opera(ing the lance in a high position in the slag bath ii: is
possible to produce tin-iron alloy containing less iron than
furnJces th:H oper:He under equilibrium condirions.
Operation of [he lance in J high position not only results in
mJ.\imum slJ.§: Jgit2.tlon and slag-reductJnt CQn:Jcr in the
upper sID.g region bu( also promores coalescence of the
reduced met.:J.! thJt ccllects in the relatively quiescent zone
in the "'bouom of the furnJce.

The recovery of tin to metal is determined by the degree
of non-equilibrium thJI can be Jchieved. in the Ausmelt fur­
nace. This is depende:lt on a number of 'o'JriJbles. including
reductan( J.ddirJon rote. initlal tin and iron levels in the s[Jg.
process interruptions Jnd the required final tin revels in
slJg. 7

Three AU5meit process routes Jre JV<:lil.J.ble for the smeltlng
of JeJd sulphide concentr:tes or Ores. de?ending on the
grJde of the feed and the other e:ements to be recovered. 2

Low-grade concentrJleS
Expe:-ience hJS shown tha( it is very difficult to remove sul­
phur f:-om 10w-iZrJde m.:aeria!s (less thJn 40% l<:':ad) wirhout
fuming 0. IJrge propor;:ion of the leJd. The (re.:Hmem of low­
grJde materi:ils. tht:refore. inc!udes oJ. fLiming stJge (0

produc~ a le:!d-rich fu:ne. The furr.e product is then directly
reduc~d ro bullion. :nd low·leJd slJg in J second stJge.

••
•

•
••
••
•••
••••
•••••••
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sm~l!er oper::Hor. The process conditions CJn b..: altered to

•
suit the f~.;:d composition without the ne::d [0 modify the
plant, provided that the appropri:lte facilities are included in
the design and construction of the plant.

.Zinc plant residue treatment

2:nc F.esicwes

ISla.

I,

I,
Dis'::3rc Slag

Smelting Furnace

Reduction Furnace

Air/Fuel,

Air/Fuel/Oxygen ---I,

temperJture of operJtion. [f ;J,ppropri.Jte operiJting condi .
tions iJre chosen. zinc and le::ld met:J.l:s will be: -removed with
the flue gases from the slag barh and reoxidized in the £,;,,:,s
phose with oir to produce oxide or sulphate fumes. Most- or·
[he silver, cadmium. ::lrsenic. h::llogens and acher volJtile
chemical species will fume off simultaneously. The fumoce
off-gJses. typically J.t a design temper::uure betwee:1 1250
and 1450'C. con be cooled in 0 waste-heat boiler or evopo­
r:lrive coolt:r. Fumes in the cooled gases are removed in a
baghouse or electrostJ.tic precipitator and the cleaned '2:lses
ore scrubbed for SO, removol and discharged to atmosphere
via a stack.

Fig. 7 Zinc residue process ffowsheer:
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2

40
4

2.5
~ .5

sao
2000

80
10

Goethite

5
5.2

25
13
3
0.2
200
600

80
100

JarositePrimary
leach
residue

16.9­
9.9

28_8
12.5

6.1
1.1

8100
1800
1800
1700

Table 3

•Material

•Zn, %
Pb. %

•Fe, %
< ".... to

Si0 2• %
Cu. %• Cd. ppm
As. ppm

A•• ppm

• Sb. ppm

•

The disposi11 of waste produc[~ and the recovery of me:at
values from waste streams to Improve process economics
are significant concerns in modem metallurgical pl.:mrs.
Substantial vJlue is contained in these W:lstes since in m;:tny

• coses they are stockpiled in considerobk volume. If left
untreated. the toxic elements contained in these materials.
stored in an unstable condition. can cre:lte significJnr envi·

•
ronmemal problems. One panicular subject that hos been
identified is the treatment of jarosite and goethite residues
produced in the electrolytic zinc process. TypicJ.! analyses

• of ,inc wastes are provided in Table 3.

Typical analyses of zinc wastes

Top-submerged lance t~chno[ogy is particularly suit.1ble
• for processing zinc residues to produce a chemically inert

slag and a marketable zinc oxide fume.:!.:! The further pro­
cessing of rhis zinc fume will involve rhe separacion. and

• recovery where appropriate. of ocher volacile elemenrs.
ir,cluding arsenic. ancimony I lead. c:ldmium and bismuth.
The fume will generally contJin 6j-75% zinc; a separate

•
kod bullion product is also producible. The slag product can
be disposed of wi[houc posing an e:wironmemal h;J.zard. 2-l

The fume is sui[able as a low-iron feed to an electrolytic

•
zinc pl~::~ or an Imperial Smelcing Furnace for zinc recov­
e,y.

The technology is also suitable for processing the primary
zinc residue produced at the neuci:J.l-leach stage of operacion

• in an electrolytic zinc plant. Sme~ting would repi.:J.ce the hor
acid·leach step for the recovery of zinc in the residue.
thereby avoiding the large-sc:J.le production of jarosi[e or

• goe:hite residues. with their associated disposal problems. A
continuous, cwo-furn:lce syste:n is needed; Fig. 7 is the
tlowshe~~ for a typicJ.l operation producing zinc fume and

•
discJrd slag. The two fume products will concJ.in the mecJ.I
vJlues of zinc. leJd and silver with Other voL:uile metals.

Solid feed is introduced through the top of the smelting

•

fumace and srnelred at 1300-l3jO'C with the aid of a top­
,submerged lance. Solid reductanc. such as lump coal. is

added to main~Jin clle low oxygen pocentiJI required for che
reduccion of zinc and lead oxides to metals. Fuel. combus-

• tion Jir and shroud air are injected into-the furnace b~Hh vi:l
the !.:lnce. The combustion air c:m be enriched co 40% O;(y·

gen to minirmze fuel consumption as well JS furn:.lce and
• gJS handlin~ Slze.

MeLJ.llic zinc ,J,nd lead have high v:lpour pressures at the

• il"linerais fndllJ(),Y fnfl!rnalionu!. ,'vlul'ch /99.J

The smelting-stage slag is transferred concinuous!y from
che firs~ fiJrnJce viJ ;J. launder inca the second Ausmelt rur·
n,J,ce for furrhe:- zinc removal from slag. The reduction
furnace is designed to operate at 1350'JC. "No oxygen enrich­
ment of [he combustion air is required in the reduction
stage. The handling of the reductant coal. fuel coa!, combus­
tion air and furn,J,ce gJses of the second furnJce is similJr to

thJ.c for [he smelting fl.lrn.Jce. A second zinc-le::J.d furn~

product is generJLed. The final s!J.g, containing less thJ:l 1S'c
Zn and less thon 0.1 'i'o Pb. is topped continuously f,arn the
slag fuming furnace, grJnulilted and discuded.

Conclusion

Ausmelt technology offers potentia! economic and environ­
mental benefits in the [re::ltment of nume:-ous feed materials
co recover most non-ferrous met::J.!s and iron to marke~J.bk

products. The furnace system (s the found:uion for processes
with high ra[es of heJ[ and mass transfer in a well-se:lled.
compact vessel that have low c.Jpit,J,l and oper:ning costs :lrlC:
satisfy in-plane and local environme:1tal requirements.

The technology h,J,s been commercialized for a variety cr'
fe:::d materials Jnd imernJtionill in(erest con(lnues m
incre::lse-both in proc~sses Jlre:::J.dy developed by Ausme!t
and in o[her development are:J.s, including w1ste tre:J.tmer.t.
S~,,.erJI proje:ts Jre currently proce=dil1g rewa.rds commt"r­
cializ:ltion in (he near future.
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.-\d.v:J.nces in E;.;tTJ,ction T::c:-.noloo:::v: Non·Fe~rous \le:;:.ls. The Indi;'::1

.InStitute of Me:als. Udi::lpur. India.•0ove:1iber 199:.

•

48'1101
1";'. Robil\iard K. R. (.[ al. Sirosmdl top submer:;::u lance reacCr for
mulli pro...:::ssin~ in base metal e.Hr=.tclion. Inter:"l;].tiunal Symposium 0:-1

lnjecliun in. Process ~ktallurgy, The Minerals. Mel:lls J,nd M::'leriJ[s
Soc ielY. 199 l.
15. Floyd 1. M. J,nd Lighlfout B. W. Sirosmdt and lhe wide .... Or[d of
oppoiluniry. EJlgng Min. J .. 186. June 19;:15.5:::-6.
1o. Li~htfoot B. w. and Floyd J. M. Chemic::l1 optimi::i.Jlion of smelting:
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17. 8:J.!dock 8. R. ~ral. DesulphurisJ,lion ofhigh·gr:J.ce "ic;ke! rr.Jlte from
KJJ,;oorlie nickel :smelte:- using Ausmelt technology. The Quene:lu S~mpo.

Slum. Denver, U.S.A .. Fo::bru.Jry 1993.
18. Rio TiOla Zimb::l.bwl;:' re?ons first h;.L[f loesSes . •Heral Bldl.. Aug. ~O .
1993.9.
19. Fio:,':! J. \1. Ausmell iron smelting for Indi;ln resourc::s. 30th :'J:J.tionJ,l
Met;.Lllurgists Day. J6th Annu;.L1 TechnicJ,1 Meetin2.: [nrern;ltional
S;.-mposium on Recent Advances in E:urJction. Technolo~v: Non-Ferrous
~'l~tJls. The lndiJn Institute of Met:lls. Ud.Jipur. IndiJ.. No"'-;mber 199:.
~O. Floyd J. M. and Con~Ch~e D. S. Reduc:ion of liquid tin Smdling
slags: [-lJbor:llory awestl';J.tlOns. TrUJJ.f. Insnr Min. MC~(J". (Secr C
j\-fill~ral ProaS!. E.ur ,Wf!rull.J. 88.1979. Cl [4-22.
21. Fioyd 1. ~1. Jnd Conochie D. S. Reduction of licuid tin smeltin':?
slJgs: ~-de'lelcpme:H of a submerged combustion proc:ss. Trans. fml;
.Hin. Mf.'raff. (Seer. C Minr:ral P"OCC!s. E.rrr. Mcraff.J. 88. 1979. C[~J-8.
2"2. Wu S. K. and F!oyd 1. \1. The beh:lviour of arsenic. antimony. [eJd
Jnd bi.-;muth in tin eXlrJCtlon.. ISRAD£.HT ProacrJil1:;s of rhc {nte"'II~ri(llIUI
s.'"mposiwfl all rr:scarclr ami dr!\'e/0(1f1u:flr ('fT r:xrraC{/I'e (1/erallllrgy 01 lin
(J}/d rt:'I(J/~d fIIeral!. !pon. MalJysia. Ocrober [983 (Ipoh. MJlaysi;,::
SE.~TRAD Ct::'Itre. 1989). ~Ji-65.
~J. RobilliJrd K. R.::r al. Sirosmel[ for sol .... ing. em'ironmeoc:l[ problems
of le::l.d-zinc production. The [nlern::ttion:l.J Le:J..d Zinc Studv Graue
\leeling. Rome:. June I1.t91. • .
:--1.. Altepeter \1. and hmes S. Proposed Ire:l:me:1t of ne:.J.trJI leJc:,
residul;:' at Bi:? River Zinc. ReSidues and Effiuer.ts . Proc:ssin!?, and
EnvironmeOl;l1 Considentions. The Minerals J.nd ~le:;Ils Society. [99~1.

AlHhors

Dr. J. ,....1. F;o~·d\1I:nlner. chief ::~eculive officer. ;.Lnd W. E. Silort. m:l.rl.:::l·

ing engineer..~u::imc:ll P:y. LLd .. P.O. Bu '!; 100.3. Dand~n()ng. Vic:criJ.
j 175. AUSlral!:J.

Pyrometallurgy '95••• 10 to 12 July, 1995 Cambridge, England

••••••

'P:,ccessing into t;,e 21st century'-tne ::Jroad theme of the conference-identifies the dri\'e :owards greate:" process effectiveness as

a key issue for pyrometallurgy. Against a backg:"ound of growing e~w:ronmentalana ~eed mate:-ial constrJints. changing perce?­
tions of process scale and ,he se3.rc;" for better. clea:le!" tec:hnolo£y. there has rarely been a. greater need to explore research [deas
and to share developmen: and operating e:'!;perience. For e.xample. ad~'ance5 in the recovery. treatment and disposal of solid ".... astes
and tn the cont:-ol at unwanted feed components l"ilise vita! questions on tlows.heer fundJmentals. t.he application of novel process
chel":Listl"y, the role of recycle stre3.r:'\s and the use of slags as ~xtrJ,ct~nts for :mpurities and v<l.lues. Th~ d~velo?meM of inter:sive
dean tec.1.:Lology for new operations and its potential as an ade-on to e:ds:ing plilnt for economic improvement <l.S well as waste
and e!'!vironmental control present lively subjec:s for dlsc'..lssion. The steel industry offers technic.ues in. injection technology, direct
reducrion and second,l{y steelm.J;"ing from wnich to learn. anc:: process modelling in ail its forms contributes increasingly to the
acl".ie\"eme!'!t of eifective ,?l"ocessing:. The Joint Organizing Coml'!'!ittee of the I).-(,\.[ and the TOM for the conrerence 'Pyrometal1u:,s~(

'gS' is now ::alling for papers ·..... ithin this rich spectrum of topics. From formative rese:Hch through to operJti!'!g practice. the coni~r'

ence offers an mte!"!",.Jtional rorum in which to consicer the way ,'onvard towards great::>.'" process eaect:llenr;~S.

Papers
Pa~~rs within ~;"e :,roild the~e or the conterertce ('P,ocessing into the 21st ce!'!tur:J') are in"'ited-rrom for:native rese:lrch through
to ope:-.J:i:lg pr::lctice.

Jnrencing authors should s~!'!d an o1ost;-act (~pproxi:r.<:l.te!y 500 words) by 7 :\1.Jy, 19':14. to tile D.l~l Conference OfLce..-\uthors, who
will b~ informed at' the ac'.;eptability of their proposed paper ;,y mid-July. 199-l-. and by whom i1 reduced registration r'ee v,,'ill be
Fi:lyi:lble. mt.:st ':::e prepared to Ml!:.'!'!d the conference to present their work.

•, ,
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THE ISASMELT PROCESS

INTRODUCTION Mount Isa Mines Limited (MIM) has been in
the smelting business since 1931, when
the first Lead Smelter was commissioned
at Mount Isa, in Queensland, Australia.
This smelter was temporarily converted to
copper production in 1943 as a wartime
measure. The MIM Copper Smelter was
commissioned in 1953. MIM annually
produces 170000 tonnes of lead bullion and
180000 tonnes of anode copper.

Faced with continuing pressure to reduce
operating costs and to maintain or improve
smelter hygiene standards, MIM developed
the ISASMELT process jointly with the
Australian government's "Commonwealth
Scientific and Industrial Research
Organization" (CSIRO).

THE ISASMELT CONCEPT

The ISASMELT process is based on the
Sirosmelt lance which was developed by the
CSIRO in 1973. The process requires a
simple, refractory lined furnace and operates
with a single submerged combustion lance to
create a highly tu rbulent bath. The lance is
coated with a protective layer of frozen slag.
Internal swirlers enhance the heat transfer
from the lance wall to the process air,
promoting the formation of this slag coating.

Feed preparation requirements are minimal.
An ISASMELT reactor can treat concentrate
straight from an ordinary drum filter. The
turbulence of the ISASMELT bath ensures
rapid incorporation of feed materials and a
high rate of reaction.

Since April 1987 MIM has been operating
a Copper ISASM ELT reactor treating 20 tlh
of copper concentrate and, also at Mount
Isa, a Copper ISASMELT plant to produce
180000 tly of copper is under construction,

During 1991 a Lead ISASMELT plant to
produce 60 000 tly of crude lead bullion
was commissioned in the Mount Isa Lead
Smelter. At Britannia Refined Metals in the
United Kingdom, an ISASMELT plant to
recover 40 000 tly secondary lead has been
successfully commissioned.

SUBMERGED
LANCE

PROTECTIVE

LAYER OF
FROZEN SLAG

VIGOROUSLY

STIRRED SLAG
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RECYCLE FUME
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The Lead ISASMELT
process is a two stage
continuous lead
process.

The Lead ISASMELT Plant commissioned at Mount Isa in 1991.

Taking a sample tapped from the Copper ISASMELT furnace.

Lead concentrate is
smelted in one furnace
to produce a high lead
slag which is
transferred to the
second furnace for
reduction to produce
a crude lead bullion.

eThe Lead
.ISASMELT

Process•••
••••••••• The Copper

ISASMELT
• Process

• The Copper ISASMELT
process is a single stage
concentrate smelting

• furnace which produces a
matte and a discardable

•
slag. The matte and
slag are transferred to
a holding furnace for

• complete separation.

••
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ISASMELT PROCESS ADVANTAGES:

Used car batteries yield secondary lead in the Lead
ISASMELT reaClOr 31 Northtleel, United Kingdom.

15ASMELT Marketing Manager Jim Pritchard wilh
the operator in the COpper ISASMELT conlrol room
at Mounllsa.

Simple, low cost reactor.

High specific smelting rate.

Low operating labour requirement.

Easy operation.

Low maintenance costs.

Fuellype is flexible.

High turn down ratio.

Good plant hygiene.

High impurity removal.

The Lead ISASMELT plant at Mount Isa produces 60000 Vy of lead from concentrate
and was constructed for $US 47.5 million. The new Copper ISASMELT furnace at
Mounllsa (part of a $US 73 million smelter upgrade) will smelt 180000 tiy of copper.

The Lead ISASMELT reactor is fed a pelletised mix of filter cake, flux, coke breeze and
recycled fume. The Copper ISASMELT furnace also receives pellets - containing filter
cake, dry concentrate, flux and coal.

An ISASMELT reactor requires minimal floor space and is compatible with most
existing smelting processes.

The new Copper ISASMElT reactor will treat up to 125 Vh 01 concentrate.

An ISASMELT reactor can be operated by a crew of 4 - 6 operators per shift,
depending on the scale and complexity of the plant.

A high degree of automation features on-line computer control.

An ISASMELT plant is compact and has few moving parts to maintain.
A refractory life in excess of 18 months can be expected in most installations.

rSASMELT furnaces have been successfully operated using coal. coke breeze,
oil and natural gas as fue1.

The Copper demonstration ISASMELT reactor operates at 15 Uh using air only
and has operated at up to 50 t1h with oxygen enrichment.

An ISASMELT reactor is fully sealed apart from the lance port and the feed port,
so fugitIve emissions can be easily contained.

The Copper ISASMELT process eliminates 60 - 70 % of Pb, 90 - 95 % of As,
90 - 93% of Bi, and 60 - 80 % of Sb from the concentrate feed into the discard slag
or gas stream.



MIM's experience has shown that ISASMELT can be used for:

Processes for the treatment of other materials may be developed
after a program of testwork.

The ISASMELT process can be applied to many non-ferrous metals,
including:

- tin concentrates
- tin ores
- tin slag reduction
- matte fuming

- nickel concentrates
- nickel copper concentrates
- nickel PGM concentrates

- zinc bearing slags
- zinc concentrates
- lead!silver residues
- steelworks EAF dust

- lead concentrates
- dross treatment
- battery paste
- lead recycling
- silver bearing concentrates

- chalcopyrite concentrates
- converter slag concentrates
- gold bearing concentrates
- concentrates containing high levels of impurities

Expanding the capacity of existing plants

Treatment of difficult materials

Plant modernisation

New facilities

Small capacity plants

Large capacity plants

Recovery of metals from waste products.

Tin

Nickel

Zinc

Lead

Copper
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THE ISASMELT PROCESS IS FLEXIBLE••
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MIM has a marketing agreement with CSIRO, the joint developers of the ISASMELT
process. Companies wishing to install an ISASMELT furnace should contact MIM
Holdings Limited Marketing of Technology Department in Brisbane.

4 8 '1'1 0 ,.,. ,

LICENCE

Familiarisation with ISASMELT operations at Mount Isa is included in
pre·startup training. Here, Cyprus Miami Mining Company representatives
inspect slag tapping from the reduction vessel in the Lead ISASMELT plant.

Recent ISASMELT licences have been confirmed with AGIP for their

Nickel Plant in Western Australia and with Cyprus Miami Mining

Company for a Copper ISASMELT Plant in Arizona, U.S.A.

The Secondary Lead ISASMELT Plant at Britannia Refined Metais

in the United Kingdom will be the precursor of several such

installations as worldwide environmental awareness points to

increased recycling of lead from exhausted car batteries.

MIM offers a licence agreement with the following features:

a) A grant to the licensee of a non-exclusive licence to use ISASMELT technology
at its plant for an agreed licence fee.

b) Definition of services to be provided by MIM, including plant design, training for
client operating personnel at Mount Isa, and commissioning assistance from
experienced personnel from the Mount Isa smelters.

c) Provisions for continuing co-operation, collaboration, and confidentiality.

•
• I ISASMELT'

••
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Jim Pritchard
ISASMELT Marketing Manager
M.I.M. Holdings Limited
GPO Box 1433
BRISBANE, QUEENSLAND
AUSTRALIA, 4001
TELEPHONE: 61 7 833 8393
TELEX: AA40160
FACSIMILE: 61 7831 7007

HOLDINGS
LIMITED

MIM
Contact:

•Iiil

Rod Brew
MIM Technology Marketing Limited
Botany Road, North/leet
KENT DA11 9BG
UNITED KINGDOM
TELEPHONE: 44474351188
FACSIMILE: 44474320064

Pilot plant tests on 250 kg/h scale.

Site visits to view the ISASMELT operations at Mount Isa.

Discussions with development and operating personnel at Mount Isa.

Demonstration treatment of copper concentrates at the 20 -25 tlh scale.

Basic engineering and assistance with plant design, including feed preparation,

off-gas handling, and instrumentation.

MIM will work closely with the engineering contractor selected by the licensee

to ensure successful design, construction and startup.

Feasibility studies.

Advice on the best process flow sheets for a particular material.

Preliminary cost estimates and plant layouts.

The control panel of thp. 250 kg/h ISASMELT
pilot plant at Northfleet which is used to carry
out test smelting runs for potential clients.
Another pilot plant operates at Mount Isa.

MIM can offer the following services in addition to the Licence Agreement:

PRODUCTJO~: ciP JAN PATTERSON· WORD MERCHA...Vf

PRINTING: FERGIES COLOUR PRINTERS

Contact:

•
• ISASMELT: ADDITIONAL SERVICES
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Encore has been advised that TASMELT Stage 2 may be eligible for a
Commonwealth Feasibility Study Fund grant of up to $50,000 on a dollar-for­
dollar matching basis.

••••

TASMELT - Information Memorandum

Federal and State Grant Funding

487109
Encore Metals NL - February 1999

•••
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There is also the possibility that an equivalent amount of funding on a similar
basis might be forthcoming via the resources of the Tasmania State
Government within the $50,000 limit.

A fornnal application for these funds is to be made.

- 43-


	Cover
	Summary
	Location Map
	Contents
	Appendix

