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Executive Summary

Executive Summary

This reference document on best available techniques in the non-ferrous metal industry reflects
the information exchange carried out according to Article 16 (2) of Council Directive 96/61/EC.
The document has to be seen in the light of the preface that describes the objective of the
document and its use.

To deal with the complex area of the production of non-ferrous metals, an approach was
adopted to cover production of the metals from both primary and secondary raw materias
together in one document and to deal with the metalsin 10 groups. Those groups are:

Copper (including Sn and Be) and its Alloys.

Aluminium.

Zinc, Lead and Cadmium, (+ Sb, Bi, In, Ge, Ga, As, Se, Te).
Precious Metals.

Mercury.

Refractory Metals.

Ferro Alloys.

Alkai and Alkaine Earth Metals.

Nickel and Cobalt.

Carbon and Graphite.

Carbon and graphite production was aso included as a separate group as many such processes
are associated with primary aluminium smelters. Processes for roasting and sintering of ores
and concentrates and for the production of alumina were aso included within these groups
where applicable. Mining and ore treatment at the mine site are not covered in the document

In the document, information is presented in twelve chapters covering: genera information in
Chapter 1, common processes in Chapter 2 and then metallurgical production processes for ten
groups of metas in Chapters 3 to 12. Chapter 13 presents the conclusons and
recommendations. Annexes covering costs and international regulations are aso included. The
common processes in Chapter 2 are divided as follows:

Use of the chapter - complex indallations.

Use and reporting of emission data.

Management, design and training.

Receipt, storage and handling of raw materials.

Pre-processing and pre-treatment of raw materials and transfer to production processes.
Metal production processes - furnace types and process control techniques.

Gas collection and air abatement techniques.

Effluent treatment and water re-use.

Minimisation, recycling and treatment of process residues (including by-products and
waste).

Energy and waste heat recovery.

Cross media issues.

Noise and vibration.

Odour.

Safety aspects.

De-commissioning.

Each of Chapters 2 to 12 includes sections on applied processes and techniques, present
emission and consumption levels, techniques to consider in the determination of BAT and BAT
conclusons. For Chapter 2 the BAT conclusions are only drawn for material handling and
dstorage, process control, gas collection and abatement, dioxin removal, sulphur dioxide
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recovery, mercury abatement and effluent treatment/water re-use. The BAT conclusions
contained in al of the chapters should be consulted for a complete understanding.

1. Non-Ferrous Metal Industry

At least 42 non-ferrous metals plus ferro dloys and carbon and graphite are produced in EU and
are used in a variety of gpplications in the metalurgical, chemical, construction, transport and
electricity generation/transmission industries. For example high purity copper is essentid for
dectricity generation and distribution and small amounts of nickel or refractory metals improve
the corrosion resistance or other properties of sted. They are aso used in many high
technology developments, particularly in the defence, computing, €ectronic and
telecommunications industries.

Non-ferrous metals are produced from a variety of primary and secondary raw materials.
Primary raw materials are derived from ores that are mined and then further treated before they
are metalurgicaly processed to produce aude metal. The treatment of oresis normally carried
out close to the mines. Secondary raw materias are indigenous scrap and residues and may also
undergo some pre-treatment to remove coating materials.

In Europe, ore deposits containing metas in viable concentrations have been progressively
depleted and few indigenous sources remain. Most concentrates are therefore imported from a
variety of sources worldwide.

Recycling condtitutes an important component of the raw material supplies of a number of
metals. Copper, aluminium, lead, zinc, precious metals and refractory metals, among others, can
be recovered from their products or residues and can be returned to the production process
without loss of qudity in recycling. Overal, secondary raw materials account for a high
proportion of the production, thus reducing the consumption of raw materials and energy.

The product of the industry is either refined metad or what is known as semis or semi
manufactures, i.e. metal and metal aloy cast ingots or wrought shapes, extruded shapes, fail,
shest, strip, rod etc.

The structure of the industry varies metal by meta. No companies produce al non-ferrous
metals although there are a few pan-European companies producing severa metds, e.g. copper,
leed, zinc, cadmium etc.

The size of the companies producing metals and metd aloys in Europe varies from a few
employing more than 5000 people and a large number having between 50 and 200 employees.
Ownership varies between pan-European and national metals groups, industria holdings groups,
stand-alone public companies and private companies.

Some metals are essential as trace elements but at higher concentrations are characterised by the
toxicity of the meta, ion or compounds and many are included under various lists of toxic
materials. Lead, cadmium and mercury are of the greatest concern.

2. Environmental Issuesfor the Industry

The main environmental issues for the production of most non-ferrous metals from primary raw
materias are the potential emission to air of dust and metalssmetal compounds and of sulphur
dioxide to if roagting and smelting sulphide concentrates or using sulphur-containing fuels or
other materials. The capture of sulphur and its conversion or removal is therefore an important
factor in the production of non-ferrous metals. The pyrometalurgical processes are potential
sources of dust and metals from furnaces, reactors and the transfer of molten metal.
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Energy consumption and the recovery of heat and energy are important factors in the production
of non-ferrous metals. They depend on the efficient use of the energy content of sulphidic ores,
the energy demand of the process stages, the type and supply method of energy used and the use
of effective methods of heat recovery. Working examples are given in Chapter 2 of the
document.

The main environmental issues associated with the production of non-ferrous metals from
secondary raw materials are also related to the off-gases from the various furnaces and transfers
that contain dust, metals and in some process steps, acid gases. There is also the potentia for the
formation of dioxins due to the presence of smal amounts of chlorine in the secondary raw
materials; the destruction and/or capture of dioxin and VOCsis an issue that is being pursued.

The main environmenta issues for primary auminium are the production of poly-fluorinated
hydrocarbons and fluorides during eectrolysis, the production of solid waste from the cells and
the production of solid waste during the production of alumina

The production of solid waste is adso an issue for the production of zinc and other metas during
the iron removal stages.

Other processes often use hazardous reagents such as HCI, HNO,, Cl, and organic solvents for
leaching and purification. Advanced processing techniques are able to contain these materials
and recover and re-use them. Reactor sealing is an important issue in this respect.

In the majority of cases these process gases are cleaned in fabric filters and so the emissions of
dust and metal compounds such as lead are reduced. Gas cleaning using wet scrubbers and wet
electrostatic precipitators is particularly effective for process gases that undergo sulphur
recovery in a sulphuric acid plant. In some cases where dust is abrasive or difficult to filter, wet
scrubbers are also effective. The use of furnace sealing and enclosed transfers and storage is
important in preventing fugitive emissions.

In summary the main issues for the production processes for each of the groups of metals
comprise the following components:

For the production of copper: SO,, dust, metal compounds, organic compounds,
wastewater (metal compounds), residues such as furnace linings, dudge, filter dust and
dag. Dioxin formation during treatment of secondary copper materialsis aso an issue.
For the production of auminium: fluorides (incl. HF), dust, metal compounds, SO,,
COS, PAH, VOCs, green house gases (PFCs and CO,), dioxins (secondary), chlorides
and HCl. Residues such as bauxite residue, Spent Pot Lining, filter dust and sdt dag
and wastewater (oil and ammonia).

For the production of lead, zinc and cadmium: dust, meta compounds, VOCs
(including dioxins), odours, SO,, other acid gases, wastewater (metal compounds),
residues such as dudge, theiron rich residues, filter dust and dag.

For the production of precious metas. VOCs, dust, metad compounds, dioxins, odours,
NO,, other acid gases such as chlorine and SO,. Residues such as dudge, filter dust and
dag and wastewater (metal compounds and organic compounds).

For the production of mercury: mercury vapour, dust, meta compounds, odours, SO,,
other acid gases, wastewater (metal compounds), residues such as dudge, filter dust and
dag.

For the production of refractory metals, hardmetal powder and metal carbides. dugt,
solid hardmetal and metal compounds, wastewater (metal compounds), residues such as
filter dust, dudge and slag. Process chemicals such as hydrogen fluoride (HF) are used
for processng tantalum and niobium and are highly toxic. This needs to be taken into
account in the handling and storage of these materials.

For the production of ferro-dloys. dust, meta compounds, CO, CO,, SO,, energy
recovery, wastewater (metal compounds), residues such as filter dust, dudge and dag.
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For the production of alkdi and dkaine earth metals: chlorine, HCI, dioxin, SF;, dudt,
metal compounds, CO,, SO,, wastewater (metal compounds), residues such as sludge,
auminate, filter dust and dag.
For the production of nickel and cobat: VOCs, CO, dust, meta compounds, odours,
S0O,, chlorine and other acid gases, wastewater (metal compounds and organic
compounds), residues such as dudge, filter dust and dag.
For the production of carbon and graphitee PAHSs, hydrocarbons, dust, odours, SO,,
wastewater prevention, residues such asfilter dust.

3. Applied Processes

The range of raw materials available to the various ingtalations is wide and this means that a
variety of metalurgical production processes is used. In many instances the process choice is
governed by the raw materials. The following tables summarise the furnaces used for the
production of non-ferrous metals:

Furnace Metals Used M aterial Used Comment

Steam coil dryer Cu and some others Concentrates

Fluid bed dryer

Flash dryer

Rotary Kiln Most metdsTor drying. | Ores, concentrates | Drying, cacining and
Fuming ZnO. Cdcining | and variousscrap | fuming applications.
aumina, Ni and ferro and residues.
dloys.
Burning of photographic Use as an incinerator.
film for precious metal
production.
De-ailing Cuand Al
scrap

Fluidised bed. Copper and zinc Concentrates. Cdcining and
Al,O4 Al(OH), roasting.

Up Draught sintering” | Zinc and Tead. Concentraiesand | Sintering.

machine. secondary.

Down Draft sntering | Zinc and Tead. Concentraiesand | Sintering.

machine secondary.

Sed Bdt antering Ferro-dloys, Mn, Nb. Ore. Other applications

meachine possble

Herreshoftt Mercury. Oresand Roasting, calcining.
Molybdenum (rhenium concentrates.

recovery)

Drying, roasting, sintering and calcining fur naces
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Furnace M etals Used Material Used Comment
Enclosed refractory Refractory metals, Metal oxides
lined crucibles specia ferro-alloys
Open Pit Refractory metals, Metal oxides
special ferro-alloys.
Baiyin Copper Concentrates
Electric Arc Furnace Ferro alloys Concentrates, ore
Contop/Cyclone Copper Concentrates
Submerged Electric Arc | Precious metals, Slag, secondary For the production of

Furnace

copper, ferro aloys.

materials, concentrates.

ferro-alloys the open,
semi closed and closed

types are used.
Rotary Aluminium, lead, Scrap and other Oxidation and reaction
copper, precious metals | secondary, blister with substrate.
copper
Tilting Rotary Furnace | Aluminium Scrap and other Minimises salt flux use.
secondary
Reverberatory Aluminium, copper, Scrap and other Smelting of Cu
others secondary, black copper | concentrates elsewhere
in the World.
Vanyucov Copper Concentrates
|SA Smelt/Ausmelt Copper, lead, Intermediates,
concentrates and
secondary materials.
QSL Lead Concentrates and
secondary
Kivcet Lead Concentrates and
Copper secondary
Noranda Copper Concentrates
El Teniente Copper Concentrates
TBRC Copper (TBRC), Most secondary inc.
TROF Precious metals dimes
Mini Smelter Copper/lead/tin Scrap
Blast Furnace and | SF Lead, lead/zinc, copper, | Concentrates, most For ferro-manganese
precious metals, high secondary production it isonly
carbon ferro- used together with
manganese. energy recovery.
Inco Flash Furnace Copper, nickel Concentrates
Outokumpu Flash Copper, nickel Concentrates
Smelter
Mitsubishi process Copper Concentrates and anode
scrap
Peirce Smith Copper (converter), Matte and anode scrap
Ferro-alloys, Metal
Oxide Production
Hoboken Copper (converter) Matte and anode scrap
Outokumpu Flash Copper (converter) Matte
Converter
Noranda Converter Copper (converter) Matte
Mitsubishi Converter Copper (converter) Matte

Smelting and refining fur naces
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Furnace M etals Used Material Used Comment
Induction Most Clean metd and scrap. | Tnduced stirring assists
dloying. Vacuum can
be applied for some
metas
Electron Beam Refractory metals Clean metal and scrap.
Rotary Aluminium, Tead Various scrap grades. | Fluxesand salts used
for complex matrices.
Reverberatory Aluminium (primary Various scrap grades. | Bath or hearth
and secondary) configuration can vary.
Méting or holding
Contimdt Copper Copper anode, Clean Integrated furnace
scrap and blister system.
copper.
Shaft Copper Copper cathode and Reducing conditions.
clean scrap.
Drum (Thomas) Copper Copper scrap Médlting, firerefining
Heated Crucibles Lead, zinc Clean scrap. Mditing, refining,
(indirect kettles) dloying.
Direct heated crucibles | Precious metals Clean meta Mditing, dloying.

Melting Furnaces

Hydrometallurgical processes are also used. Acids and akalis (NaOH, sometimes also Na,CO,)
are used to dissolve the metal content of a variety of calcines, ores and concentrates before
refining and eectrowinning. The materid to be leached is usualy in the form of the oxide,
either as an oxidic ore or an oxide produced by roasting. Direct leaching of some concentrates
or mattes is also performed at both elevated and atmospheric pressure. Some copper sulphide
ores can be leached with sulphuric acid or other media, sometimes using natural bacteria to
promote oxidation and dissolution, but very long residence times are used.

Air, oxygen, chlorine or solutions containing ferric chloride can be added to leaching systems to
provide the appropriate conditions for dissolution. The solutions that are produced are treated in
a number of ways to refine and win the metals. Common practice is to return the depleted
solutions to the leaching stage, where appropriate, to conserve acids and akaline solutions.

4. Current Emissions and Consumption

The range of raw materials is also a significant factor and affects the use of energy, the amount
of residues produced and the quantity of other materials used. An example is the remova of
impurities such as iron into dags; the amount of impurity present governs the amount of dag
produced and the energy used.

Emissions to the environment depend on the collection or abatement systems that are used. The
current ranges reported for a number of abatement processes during the exchange of information
are summarised in the following table:
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Abatement Reported emissions Specific
Technique Component minimum maximum emission
(amount per t
of metal
produced)
Fabric filter, hot | Dust <1 mg/Nnr 100 mg/Nnv 100 - 6000 g/t
EP and cyclone. (Metas
dependent  on
composition)
Carbon filter Total C < 20 mg/Nn7
Afterburner Total C <2 mg/NnT 100 mg/Nnr 10-80git
(including Dioxin (TEQ) | SO.Ing/Nm® [ 5 ng/NiT 5-I0TgR
temperature
quench for | PAH (EPA) <1 pg/Nnv 2500 ug/Nnr
dioxin) HCN <0.Img/Nnr | I0 mg/Nnr
Wet or semi-ary | SO, <50mg/NT | 250 mg/NmT | 500 - 3000 gt
scrubber Hydrocarbon | <10 mgC/NnT | 200 mgC/Nnw
Chlorine <2 mg/Nnv
Alumina scrubber | Dust <1 mg/Nnr 20 mg/Nnr
Hydrocarbon | < 1 mgC/Nm® | 50 mgC/NnT
PAH (EPA) | <Z201g/Nni | 20001 g/Nmi
Chlorine recovery | Chlorine <5 mg/Nnr
Optimised NO, 10 mg/NnT 500 mg/NnT
combustion
Low NO, burner
Oxidisng NO, <100 mg/Nivw
scrubber
Sulphuric acid | double contact | 99.3 % 99.7%
plant reported as 1- 16 kg/t
conversion of SO, sngle contact | 95 99.1%
Cooler, EP, | PAH (EPA) | O.I mg/Nnv 6 Mg/NIT
lime/carbon Hydrocarbons | 20 mgC/Nm® | 200 mgC/NmY
adsorption  and
fabric filter

Reported range of current emissions

Process gases are captured and then cleaned in fabric filters to reduce the emissions of dust and
metal compounds such as those of lead. Modern filter fabrics offer significant improvements in
performance, reiability and life. Afterburners and carbon absorption are used to remove dioxins
and VOCs.

Uncaptured gases or fugitive emissions, however, are not treated. Dust emissions also occur
from storage, handling and the pre-treatment of raw materials where fugitive dust emissions also
play an important role. This is true for both primary and secondary production, as their
significance can be much greater than captured and abated emissions. Careful plant design and
process operations are needed to capture and treat process gases where fugitive emissions are
significant.

Vii
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The following table shows that fugitive or uncaptured emissions are important issues:

Dust emission kg/a
Beforeadditional secondary | After additional secondary
gas collection (1992) gas collection (1996)
Anode production Va 220000 325000
Fugitive emissons
Total Smelter 66490 32200
Smelter roofline 56160 17020
Primary smeier stack
emissions
Smelter/acid plant 7990 7600
Stack-secondary hoods 2547 2116

Comparison of abated and fugitive dust loadsat a primary copper smelter

Many pocesses use sealed cooling and process water systems but there is still the potentia to
discharge heavy metals to water. The methods to reduce water use and wastewater generation
and to treat process waters are reviewed in Chapter 2.

The production of residues is aso a significant factor in this industry, but the residues often
have recoverable metal quantities and it is common practice to use residues on-site or in other
installations to recover metals. Many dags that are produced are inert, non-leachable and are
used in many civil engineering works. Other dags, such as salt dag, can be treated to recover
other components for use in other industries, but the industry needs to ensure that these recovery
operations are operated to a high environmental standard.

5. Key BAT Conclusions

The exchange of information during the preparation of the BREF for non-ferrous meta
production has alowed conclusions on BAT to be reached for the production and associated
processes. The sections in each of the chapters that describe BAT should therefore be referred
to for a complete understanding of BAT and the associated processes and emissions. The key
findings are summarised below.

Up-stream Activities

Process management, supervision and the control of the process and abatement systems are very
important factors. Good training practices and operator instruction and motivation are aso
important especidly to prevent environmenta pollution. Good techniques for raw materia
handling can prevent fugitive emissions. Other important techniques include:

Consideration of the environmental implications of a new process or raw materia at the
earliest stages of the project with reviews at regular intervals thereafter.

Design of the process to accept the anticipated range of raw materia. Severe problems can
result for example if gas volumes are too high or if the energy use of the materia is higher
than anticipated. The design stage is the most cost-effective time to introduce
improvements in overdl environmental performance.

Use of an audit trail of the design and decision-making process to show how various
processes and abatement options were considered.

Planning of commissioning procedures for new or modified plant.

The following table summarises the techniques for raw material storage and handling on the
basis of type and characteristics of the material.

viii
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Raw material Metal Method for Method for Comments
group handling storage
Concentrates: All - if dust Enclosed Enclosed building Prevention of water
forming conveyors or contamination.
pneumatic
All - if non Covered conveyors | Covered store
dust forming
Fine grained material Refractory Enclosed Closed drum, bins | Prevention of water
(e.g. metal powder) metals conveyors or and hoppers contamination and
pneumatic fugitive air
Covered conveyors emissions
Secondary raw All - Large Mechanical loader | Open Prevention of water
materials: items contamination or
All - Smdll Charge skips Covered bays reactions with
items water. Qily
All - Fine Enclosed or Enclosed if dusty | drainagefrom
material agglomerated swarf
Fluxes: All - if dust Enclosed Enclosed building Prevention of water
forming conveyors or contamination.
pneumatic
All -if non Covered conveyors | Covered store
dust forming
Solid fuel & coke: All Covered conveyors | Covered store
If not dust forming | If not dust forming
Liquid fuelsand LPG All Overhead pipeline | Certified storage Back venting of
Bunded areas. delivery lines
Process gases: All Overhead pipeline | Certified storage Pressure loss
Reduced pressure monitoring, Alarms
pipdine (Chlorine, for toxic gases.
CO)
Solvents Cu, Ni, Zn Overhead pipeline | Drums, tanks Back venting of
group, PM, Manual delivery lines.
Carbon
Products — Cathodes, All Depends on Open concretearea | Appropriate
wire-rod, billets, conditions. or covered storage. | drainage system.
ingots, cakes etc.
Process residues for All Depends on Open, covered or Appropriate
recovery. conditions. enclosed drainage system.
depending on dust
formation and
reaction with
water.
Wastes for disposal. All Depends on Open covered or Appropriate
(e.0. furnacelinings) conditions. enclosed bays or drainage system.

sealed (drums)
depending on the
material.

Summary of raw material and handling techniques

Furnace design, the use of suitable pre-treatment methods and process control were identified as
important features of BAT.

The use of raw material blending to optimise the process prevents ingppropriate material being
used and maximises process efficiency. Sampling and analysis of feed materiads and the
segregation of some materias are important factors in this technique.
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Good design, maintenance and monitoring are important for al process and abatement stages.
Sampling and monitoring of emissions to the environment should be carried out according to
national or international standard methods. Important parameters that can be used for the
control of process or abatement should be monitored. Continuous monitoring of key parameters
should be carried out if practical.

Process control

Process control techniques that are designed to measure and maintain optimum parameters such
as temperature, pressure, gas components and other critical process parameters etc are
considered to be BAT.

Sampling and analysis of raw materids to control plant conditions. Good mixing of different
feed materials should be achieved to get optimum conversion efficiency and reduce emissions
and regjects.

The use of feed weighing and metering systems, the use of microprocessors to control materid
feed-rate, critical process and combustion conditions and gas additions alow process operation
to be optimised. Severa parameters can be measured to alow this and alarms provided for
critical parameters, which include:

On+line monitoring of temperature, furnace pressure (or depression) and gas volume or
flow.

Monitoring of gaseous components (O,, SO,, CO, dust, NO, €tc).

On-line monitoring of vibration to detect blockages and possible equipment failure.
On+line monitoring of the current and voltage of electrolytic processes.

On+line monitoring of emissions to control critical process parameters.

Monitoring and control of the temperature of melting furnaces to prevent the production
of metal and metal oxide fume by overhesating.

Operators, engineers and others should be continuoudy trained and assessed in the use of
operating instructions, the use of the modern control techniques and the significance of darms
and the actions to be taken when alarms are given.

Optimisation of levels of supervision to take advantage of the above and to maintain operator
respongibility.

Gas collection and abatement

The fume collection systems used should exploit furnace or reactor sedling systems and be
designed to maintain a reduced pressure that avoids leaks and fugitive emissions. Systems that
maintain furnace sealing or hood deployment should be used. Examples are: through e ectrode
additions of material; additions via tuyeres or lances and the use of robust rotary valves on feed
systems. Secondary fume collection is expensive and consumes alot of energy, but is needed in
the case of some furnaces. The system used should be an intelligent system capable of targeting
the fume extraction to the source and duration of any fume.

Overdl for dust and associated metal removal, fabric filters (after heat recovery or gas cooling)
can provide the best performance provided that modern wear resistant fabrics are used, the
particles are suitable and continuous monitoring is used to detect failure. Modern filter fabrics
(e.g. membrane filter) offer significant improvements in performance, reliability and life and
therefore offer cost savings in the medium term. They can be used in existing instalations and
can be fitted during maintenance. They feature bag burst detection systems and on-line cleaning
methods.
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For sticky or abrasive dusts, wet electrostatic precipitators or scrubbers can be effective
provided that they are properly designed for the application.

Gas treatment for the smelting or incineration stage should include a sulphur dioxide remova
stage and/or after-burning if this is consdered necessary to avoid local, regiona or long-range
ar quality problems or if dioxins may be present.

There may be variations in the raw materias that influence the range of components or the
physical state of some components such as the size and physical properties of the dust produced.
These should be assessed locally.

Prevention and the destruction of dioxins

The presence of dioxins or their formation during a process needs to be considered for many of
the pyro-metallurgical processes used to produce non-ferrous metals. Particular instances are
reported in the meta-specific chapters and in these cases the following techniques are
considered to be BAT for the prevention of the formation of dioxins and the destruction of any
that are present. These techniques may be used in combination. Some non-ferrous metals are
reported to catalyse de-novo synthesis and it is sometimes necessary to have a clean gas prior to
further abatement.

Quiality control of scrap inputs depending on the process used. The use of the correct
feed materia for the particular furnace or process. Selection and sorting to prevent the
addition of materia that is contaminated with organic matter or precursors can reduce
the potentia for dioxin formation.

The use of correctly designed and operated afterburners and rapid quenching of the hot
gasesto < 250°C.

The use of optimum combustion conditions. The use of oxygen injection in the upper
part of afurnace to ensure complete combustion of furnace gases if necessary to achieve
this.

Absorption onto activated carbon in a fixed bed or moving bed reactor or by injection
into the gas stream, and removal as filter dust.

Very high efficiency dust removal for example, ceramic filters, high efficiency fabric
filters or the gas cleaning train prior to a sulphuric acid plant.

The use of a catalytic oxidation stage or fabric filters that incorporate a catalytic
coding.

The treatment of collected dusts in high temperature furnaces to destroy dioxins and to
recover metals.

The emission concentrations that are associated with the above techniques range from <0.1 to
0.5 ng/Nm? TEQ depending on the feed, the smelting or melting process and the techniques or
combination of techniques that are used for dioxin removal.

Metallurgical Processes

The range of raw materias available to the various installations is wide and means that thereis a
need to include a variety of metalurgica production processes in the BAT sections of the
majority of the metal groups. In many instances the process choice is governed by the raw
materias, so the type of furnace has only a minor effect on BAT, provided that the furnace has
been designed for the raw materials used and energy recovery is used where practicable.

There are exceptions. For example, the use of multiple point feeding of alumina to centre
worked prebake cells was identified as BAT for primary aduminium, as was the use of sealed
furnaces in the production of some ferro-adloys to dlow collection of high calorific value gas.

Xi



Executive Summary

For primary copper the reverberatory furnace is not considered to be BAT. The other major
influences are the blending of the raw materials, process control, management and the collection
of fume. The hierarchy in the choice of a new or changed process was identified as:

Thermal or mechanical pre-trestment of secondary material to minimise organic
contamination of the feed.

The use of sedled furnaces or other process units to prevent fugitive emissons, alow
heat recovery and alow the collection of process gases for other use (e.g. CO as afud
and SO, as sulphuric acid) or for abatement.

The use of semi-sealed furnaces where sealed furnaces are not available.

The minimisation of materid transfers between processes.

Where such transfers are unavoidable, the use of launders in preference to ladles for
molten materials.

In some cases the restriction of techniques to those that avoid molten material transfers
may prevent the recovery of some secondary materials that would then enter the waste
stream. In these cases the use of secondary or tertiary fume collection is appropriate so
that these materials can be recovered.

Hooding and ductwork design to capture fume arising from hot metal, matte or dag
transfers and tapping.

Furnace or reactor enclosures may be required to prevent release of fume losses into the
atmosphere.

Where primary extraction and enclosure are likely to be ineffective, then the furnace
can be fully closed and ventilation ar drawn off by extraction fans to a suitable
treatment and discharge system.

The maximum use of the energy content of sulphidic concentrates.

Emissionsto Air

Emissons to air arise from the storage, handling, pre-treatment, pyro-metalurgical and
hydrometallurgical stages. Transfer of materias is particularly important. Data provided has
confirmed that the significance of fugitive emissions in many processes is very high and that
fugitive emissions can be much greater than those that are captured and abated. In these casesit
is possble to reduce environmental impact by following the hierarchy of gas collection
techniques from material storage and handling, reactors or furnaces and from material transfer
points. Potential fugitive emissons must be considered at al stages of process design and
development. The hierarchy of gas collection from all of the process stagesis.

Process optimisation and minimisation of emissions,
Seded reactors and furnaces,
Targeted fume collection;

Roofline collection of fume is very energy consuming and should be alast resort.

The potentiad sources of emissons to air are summarised in the following table, which aso
gives areview of prevention and treatment methods. Emissions to air are reported on the basis
of collected emissions. Associated emissions are given as daily averages based on continuous
monitoring during the operating period. In cases where continuous monitoring is not practicable
the value will be the average over the sampling period. Standard conditions are used: 273 K,
101.3 kPa, measured oxygen content and dry gas with no dilution of the gases.

Sulphur capture is an important requirement when sulphidic ores or concentrates are roasted or
smelted. The sulphur dioxide produced by the process is collected and can be recovered as
sulphur, gypsum (if no cross-media effects) or sulphur dioxide or can be converted to sulphuric
acid. The process choice depends on the existence of local markets for sulphur dioxide. The
production of sulphuric acid in a double contact sulphuric acid plant with a minimum of four
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passes, or in a single contact plant with gypsum production from the tail gas and using a modern
catalys, are consdered to be BAT. Plant configuration will depend on the concentration of
sulphur dioxide produced in the roasting or smelting stage.

Process stage Component In off-gas Treatment method
Materials handling and Dust and metals. Correct storage, handling and
storage. transfer. Dust collection and

fabric filter if necessary.
Grinding, drying. Dust and metals. Process operation. Gas collection
and fabric filter.
Sintering/roasting VOCs, dioxins. Afterburner, adsorbent or
Smdting activated carbon addition.
Converting Dudst and metal compounds. Gas callection, gas deaning In
Firerefining fabric filter, heat recovery.
Carbon monoxide Afterburner 1T necessary
Sulphur dioxide sulphuric acid plant (for sulphidic
ores) or scrubber
Slag treatment. Dust and metals. Gas collection, cooling and tabric
filter.
Sulphur dioxide. Scrubber.
Carbon monoxide. Afterburner
Leachingand chemicad | Chiorine. Gas collection and re-use, wet
refining. chemical scrubber.
CarbonyT refining. Carbon monoxide. Sedled process, recovery and re-
Hydrogen. use.

Afterburner and dust remova in
fabric filter for tail gas.

Solvent extraction. VOC. (depends on the solvent | Containment, gas collection,
used and should be determined | solvent recovery. Carbon
locally to assess the possible adsorption if necessary.

hazard).
Thermd refining. Dust and metals. Gas collection and fabric Tilter.
Sulphur dioxide. Scrubber 1T necessary.

Molten sdt dectrolyss | FHuoride, chlorine, PFCs Process operation. Gas collection,
scrubber (alumina) and fabric
filter.

Electrode baking, Dust, metals, SO,, Huoride, Geas collection, condenser and EP,

graphitisation PAHS, tars afterburner or alumina scrubber
and fabric filter.

Scrubber if necessary for SO.,.

Meta powder Dust and metals Gas collection and fabric filter.

production

Powder production Dug, Ammonia Gas callection and recovery.
Acid medium scrubber.

High temperature Hydrogen. Sedled process, re-use.

reduction

Electro-winning. Chlorine. Gas collection and re-use. Wet

Acid mist. scrubber. De-mister.
Mdting and casing. Dust and metals. Gas collection and fabric Tilter.

VOCs, dioxins (organic feed) Afterburner (Carbon injection)

Note. Dust arrestment using afabric filter may require the removal of hot particlesto prevent fires. Hot electrostatic
precipitators would be used in a gas cleaning system prior to a sulphuric acid plant or for wet gases.

Summary of sour ces and treatment/abatement options
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A summary of the emission levels associated with abatement systems that are considered to be
BAT for the non-ferrous metal processes is shown in the following table. More details are
given in the BAT conclusions in the metal-specific chapters.

Abatement Associated Range Comment
Technique
Fabric filter Dust 1 - 5 mg/NnT Depends on characteristics of dust.
Metals - dependent on dust
composition
Carbon or Biofilter | Total organic C < 20 mg/Nn7T Phenol < 0.1 mg/Nnr
Aftterburner Totd organic C<5 - 15 mg/Nnv Desgned for gas volume.
(including Dioxin< 0.1 - 0.5 ng/Nn? TEQ Other techniques are available to
temperature quench | PAH (OSPAR 11) < 200 pgCNm? reduce dioxins further by
for dioxin remova) | HCN < 2 mg/Nn? carbon/lime injection, cataytic
reactors/filters.
Optimised Tota organic C < 5 - 50 mg/Nnr
combustion
conditions
Wet EP Dust <5 mg/Nnr Depends on characterisiics e.g.
Ceramic filter dust, moisture or high temperature

Wet or semi-dry 30, <50 - 200 mg/NnT
akaline scrubber Tar < 10 mg/Nn?®

Chlorine < 2 mg/Nn?
Alumina scrubber Dust 1 -5 mg/Nnv
Hydrocarbon < 2 mg/Nm?
PAH (OSPAR 11) < 200 1 gC/Nnt
Chiorinerecovery | Chlorine <5 mg/Nn. Chlorineisre-used. Possble
accidental fugitive releases.
Oxidisng scrubber | NO, <100 mg/Nnv From use of nitric acid - recovery
followed by removal of traces.
Low NO, burner. < 100 mg/Nnr Higher values are associated with

oxygen enrichment to reduce
energy use. Inthese cases gas
volume and mass emission are

Oxy-Tudl burner. | < 100 - 300 mg/NnT

reduced.
Sulphuric acid >99.7% conversion (double contact) | Tncluding mercury scrubber using
plant Boliden/Norzink process or
>99.1% converson (Single contact) | thiosulphate scrubber Hg < 1 ppm
in acid produced
Cooler, EP, PAH (OSPAR 11) < 200 1 gC/Nni
lime/carbon Hydrocarbons (volatile)
adsorption and < 20 mgC/Nn?®
fabric filter Hydrocarbons (condensed)
< 2 mgC/Nn?

Note. Collected emissions only. Associated emissions are given as daily averages based on continuous monitoring
during the operating period and standard conditions of 273 K, 101.3 kPa, measured oxygen content and dry gas without
dilution of the gases with air. In caseswhere continuousmonitoring isnot practicablethevauewill bethe average over
the sampling period. For the abatement system used, the characteristics of the gas and dust will be taken into account in
the design of the system and the correct operating temperature used. For some components, the variationin raw gas
concentration during batch processes may affect the performance of the abatement system.

Emissionsto air associated with theuse of BAT
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Severa specific reagents are used in chemica treatment of solutions of metals or in various
metallurgical processes. Some of the compounds, sources and trestment methods of gases
produced from the use of these reagents are given below:

Process/Reagent Used Component in off-gas Treatment Method
Use of arsenic or antimony | Arane/dibine Permanganate scrubbing
oxide. (refining of Zn/Ph)

Pitch eic Tarsand PAH Afterburner, condenser and EP
or dry absorber.
Solvents, VOCs VOC, Odour Containment, condensation.
Activated carbon, bio-filter
Sulphuric acid (+ sulphur in- | SUlphur dioxide Wet or semi-dry scrubber
fuel or raw materid) system. Sulphuric acid plant.
AquaRegia NOCI, NO, Caustic scrubber system
Chilorine, HCI Cl, Caustic scrubber system
Nitric acid NO, Oxidise and absorb, recycle,
scrubber system
Naor KCN HCN Oxidise with hydrogen
peroxide or hypochlorite
Ammonia NH, Recovery, scrubber system
Ammonium chloride Aerosol Recovery by sublimation,
scrubber system
Hydrazine N,H, (possble Scrubber or acfivated carbon
carcinogen)
Sodium borohydride Hydrogen (explosion Avoid If possble in PGM
hazard) processing (especidly Os, Ru)
Formic acid Formadehyde Caustic scrubber system
Sodium chiorae/HCI ClI; oxides (exploson Control of process end point
hazard)

Overview of chemical treatment methodsfor some gaseous components

Emissions to water

Emissions to water arise from a number of sources and a variety of minimisation and trestment
options are applicable depending on the source and the components present. In genera the
wastewaters can contain soluble and non-soluble metal compounds, oil and organic material.
The following table summarises the potential wastewaters, the metals produced, minimisation
and trestment methods.
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Sour ce of Associated process | Minimisation methods | Treament Methods
wastewater
Processwater | Alumina production, Returnto processasfar | Neutralisation and
Lead-acid battery aspossible. precipitation.
breaking. Electrolysis.
Fickling.
Indirect cooling | Furnace cooling for Use of sealed or air Settfement.
water most metals. cooling system.
Electrolyte cooling for System monitoring to
Zn detect leaks.
Direct cooling | Al, Cu, Zn caslings. Settfement Settlement.
water Carbon electrodes. Closed cooling system. Precipitation if needed.
Sag Cu, NI, P, Zn, precious Settlement.
granulation metdls, ferro dloys Precipitation if needed.
Electrolyss Cu, Ni, Zn Sedled system. Neutralisation and
Electro-winning of precipitation.
electrolyte bleed.
Hydro- Zn, Cd Sedled system. Settlement.
metallurgy Precipitation if needed.
(blow-down)
Abatement Wet scrubbers. Re-use of weak acid Settlement.
system (blow- | Wet EPs and scrubbers | streamsif possible. Precipitation if needed.
down) for acid plants.
Surface water | All Good raw materias Settlement.
storage and prevention of | Precipitation if needed.
fugitive emissions Filtration.

Overview of BAT for wastewater streams

Wastewater treastment systems can maximise the removal of metals using sedimentation and
possibly filtration. The reagents used for precipitation may be hydroxide, sulphide or a
combination of both, depending on the mix of metals present. It is aso practicable in many
cases to re-use treated water.

Main components [mg/l]
Cu Pb As NI Cd Zn
Process <01 <0.05 <0.01 <0.1 <0.05 <0.15
water

Note: The associated emissions to water are based on a qualified random sample or a 24-hour compositesample.
The extent of wastewater treatment depends on the source and the metal s contained in the wastewater.

Example of emissionsto water associated with theuse of BAT
Process Residues

Process residues are produced at various stages of the process and are highly dependent on the
congtituents of the raw materials. Ores and concentrates contain quantities of metals other than
the prime target metal. Processes are designed to obtain a pure target metal and to recover other
vauable metals as well.

These other metals tend to concentrate in the residues from the process and in turn these
residues form the raw material for other metal recovery processes. The following table gives an
overview of some process residues and the options available to deal with them.
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Sour ce of the Associated Residue Optionsfor dealing with them
residues Metals
Raw materials All metals Dust, sweepings | Feed for the main process
handling etc.
Smelting furnace All metals Slag Construction material after slag
treatment. Abrasive industry
Parts of slag may be used as refractory
material e.g. slag from the production
of chromium metal
Ferro-alloys Rich slag Raw material for other ferro-alloy
processes
Converting furnace | Cu Slag Recycle to smelter
Refining furnaces Cu Slag Recycle to smelter
Pb Skimmings Recovery of other valuable metals
Precious metals | Skimmings and Internal recycle
(PMs) slag
Slag treatment Cuand Ni Cleaned slag Construction material. Matte produced
Melting furnace All metals Skimmings Return to process after treatment.
Slag and salt Metal recovery, recovery of salt and
slag. other material
Electro-refining Cu Electrolytebleed | Recovery of Ni.
Anoderemnants | Return to converter
Anode slime Recovery of precious metals
Electro-winning Zn, Ni, Co, PMs | Spent electrolyte | Re-usein leaching process
Fused salt Al Spent Pot Lining | Carburant or disposal
electrolysis Excess bath Sale as electrolyte
Anode stubs Recovery
NaandLi Cell material Scrap iron after cleaning
Ditillation Hg Residues Re-use as process feed
(Hallines)
Zn,Cd Residues Return to process
Leaching Zn Ferrite residues Safe disposal, re-use of liquor
Cu Residues Safe disposal
Ni/Co Cu/Feresidues Recovery, disposal
Sulphuric acid plant Catalyst Regeneration
Acid sludges Safe disposal
Wesak acid L eaching, disposal
Furnace linings All metals Refractory Use as slagging agent, disposal
Milling, Grinding Carbon Carbon and Use asraw material in other processes
graphite dusts
Pickling Cu, Ti Spent acid Recovery
Dry abatement Most — using Filter dust Return to process
systems fabricfiltersor Recovery of other metals
EPs
Wet abatement Most — using Filter sludge Return to process or recovery of other
systems scrubbers or wet metals (e.g. Hg). Disposal
EPs
Wastewater M ost Hydroxide or Safe disposal, re-use
treatment sludge sulphide sludges. | Re-use
Digestion Alumina Red mud Safe disposal, re-use of liquor

Overview of residues and available optionsfor dealing with them

Filter dusts can be recycled within the same plant or used for the recovery of other metals at
other non-ferrous metal installations, by athird party or for other applications.
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Residues and dags can be treated to recover valuable metals and render the residues suitable for
other uses e.g. as congruction material. Some components can be converted into saleable
products.

Residues from water treatment may contain valuable metals and can be recycled in some cases.

The regulator and operator should satisfy themselves that the recovery of residues by a third
party is carried out to high environmenta standards and does not cause negative cross-media
effects.

Toxic Compounds

Specific toxicity of some compounds that may be emitted (and their environmental impact or
consequences) varies from group to group. Some metals have toxic compounds that may be
emitted from the processes and so need to be reduced.

Energy recovery

Energy recovery before or after abatement is applicable in the maority of cases but loca
circumstances are important, for example, where there is no outlet for the recovered energy. The
BAT conclusions for energy recovery are:

Production of steam and electricity from the heat raised in waste heat boilers.

The use of the heat of reaction to smelt or roast concentrates or melt scrap metalsin a
converter.

The use of hot process gases to dry feed materials.

Pre-heating of a furnace charge using the energy content of furnace gases or hot gases
from another source.

The use of recuperative burners or the pre-heating of combustion air.

The use as afuel gas of CO produced.

The heating of leach liquors from hot process gases or liquors.

The use of plastic contents in some raw materials as a fuel, provided that good quality
plastic cannot be recovered and VOCs and dioxins are not emitted.

The use of low-mass refractories where practicable.

6. Degree of Consensus and Recommendations for Future Work

This BREF has met a high level of support from the TWG and participants at the 7" meeting of
the Information Exchange Forum. Critica remarks have mainly related to information gaps and
presentational aspects (cals for more BAT associated emission and consumption levels to be
included in the Executive Summary).

It is recommended that this document be revised in 4 years time. The areas where additional
efforts should be made to establish a sound basis of information include, above dl, fugitive
emissions and also specific emission and consumption data, process residues, wastewater and
aspects related to smal and medium-sized companies. Chapter 13 contains further
recommendations.

XViii



Preface

PREFACE
1. Status of this document

Unless otherwise stated, references to “the Directive” in this document means the Council
Directive 96/61/EC on integrated pollution prevention and control. This document forms part of
a series presenting the results of an exchange of information between EU Member States and
industries concerned on best available techniques (BAT), associated monitoring and
developments in them. It is published by the European Commission persuant to Article 16(2) of
the Directive and must therefore be taken into account in accordance with Annex IV of the
Directive when determining "best available techniques'.

2. Relevant legal obligations of the IPPC Directive and the definition of BAT

In order to help the reader understand the legal context in which this document has been drafted,
some of the most relevant provisions of the IPPC Directive, including the definition of the term
“best available techniques’, are described in this preface. This description is inevitably
incomplete and is given for information only. It has no legal value and does not in any way ater
or prejudice the actua provisions of the Directive.

The purpose of the Directive is to achieve integrated prevention and control of pollution arising
from the activities listed in its Annex |, leading to a high level of protection of the environment
as a whole. The legd bass of the Directive relates to environmental protection. Its
implementation should aso take account of other Community objectives such as the
competitiveness of the Community’ s industry thereby contributing to sustainable development.

More specifically, it provides for a permitting system for certain categories of industria
ingtalations requiring both operators and regulators to take an integrated, overall look at the
polluting and consuming potentia of the ingdlation. The overal am of such an integrated
approach must be to improve the management and control of industrial processes so as to ensure
a high level of protection for the environment as a whole. Central to this approach is the genera
principle given in Article 3 that operators should take al appropriate preventative measures
againg pollution, in particular through the application of best available techniques enabling
them to improve their environmental performance.

The term “best available techniques’ is defined in Article 2(11) of the Directive as “the most
effective and advanced stage in the development of activities and their methods of operation
which indicate the practica suitability of particular techniques for providing in principle the
basis for emission limit values designed to prevent and, where that is not practicable, generaly
to reduce emissions and the impact on the environment as a whole.” Article 2(11) goes on to
clarify further this definition as follows:

“techniques’ includes both the technology used and the way in which the ingalation is
designed, built, maintained, operated and decommissioned;

“available” techniques are those developed on a scale which dlows implementation in the
relevant industrial sector, under economically and technicaly viable conditions, taking into
consderation the costs and advantages, whether or not the techniques are used or produced
inside the Member State in question, as long as they are reasonably accessible to the operator;

“best” means most effective in achieving a high general level of protection of the environment
asawhole.

Furthermore, Annex IV of the Directive contains a list of “considerations to be taken into
account generally or in specific cases when determining best available techniques ... bearing in
mind the likely costs and benefits of a measure and the principles of precaution and prevention”.
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These condderations include the information published by the Commission pursuant to
Article 16(2).

Competent authorities responsible for issuing permits are required to take account of the general
principles set out in Article 3 when determining the conditions of the permit. These conditions
must include emission limit values, supplemented or replaced where appropriate by equivaent
parameters or technical measures. According to Article 9(4) of the Directive, these emission
limit vaues, equivalent parameters and technica measures must, without prejudice to
compliance with environmental quality standards, be based on the best available techniques,

without prescribing the use of any technique or specific technology, but taking into account the
technical characteristics of the ingalation concerned, its geographica location and the local

environmental conditions. In al circumstances, the conditions of the permit must include
provisons on the minimisation of long-distance or transboundary pollution and must ensure a
high level of protection for the environment as a whole.

Member States have the obligation, according to Article 11 of the Directive, to ensure that
competent authorities follow or are informed of developments in best available techniques.

3. Objective of this Document

Article 16(2) of the Directive requires the Commission to organise “an exchange of information
between Member States and the industries concerned on best available techniques, associated
monitoring and developments in them”, and to publish the results of the exchange.

The purpose of the information exchange is given in recital 25 of the Directive, which states that
“the development and exchange of information a Community level about best available
techniques will help to redress the technologica imbaances in the Community, will promote the
world-wide dissemination of limit values and techniques used in the Community and will help
the Member States in the efficient implementation of this Directive.”

The Commission (Environment DG) established an information exchange forum (IEF) to assst
the work under Article 16(2) and a number of technical working groups have been established
under the umbrella of the IEF. Both IEF and the technical working groups include
representation from Member States and industry as required in Article 16(2).

The aim of this series of documents is to reflect accurately the exchange of information which
has taken place as required by Article 16(2) and to provide reference information for the
permitting authority to take into account when determining permit conditions. By providing
relevant information concerning best available techniques, these documents should act as
vauable tools to drive environmental performance.

4. I nformation Sources

This document represents a summary of information collected from a number of sources,
including in particular the expertise of the groups established to assist the Commission in its
work, and verified by the Commission services. All contributions are gratefully acknowledged.

5. How to understand and use this document

The information provided in this document is intended to be used as an input to the
determination of BAT in specific cases. When determining BAT and setting BAT based permit
conditions, account should aways be taken of the overdl god to achieve a high level of
protection for the environment as awhole.

The rest of this section describes the type of information that is provided in each section of the
document.
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Chapter 1 provides general information on the industrial sector concerned. Chapter 2 provides
information on the common industrial processes, abatement systems and general techniques that
are used across the sector. Chapters 3 to 12 give the applied processes, current emission and
consumption levels, techniques to consider in the determination of BAT, the techniques that are
considered to be BAT and emerging techniques for the metal groups that represented by these
chapters.

For each of the chapters 3 to 12, data is provided for the group of metals in that chapter
according to the following sections: -

Section 1 describes the applied processes and techniques used for the particular group of metals.

Section 2 provides data and information concerning current emission and consumption levels
reflecting the Situation in existing ingtallations at the time of writing.

Section 3 describes in more detail the emission reduction and other techniques that are
considered to be most relevant for determining BAT and BAT based permit conditions. This
information includes the consumption and emission levels considered achievable by using the
technique, some idea of the costs and the cross-media issues associated with the technique, and
the extent to which the technique is applicable to the range of ingalations requiring IPPC
permits, for example new, existing, large or smal ingtalations. Techniques that are generaly
seen as obsolete are not included.

Section 4 presents the techniques and the emission and consumption levels that are considered
to be compatible with BAT in a general sense. The purpose is thus to provide genera
indications regarding the emisson and consumption levels that can be considered as an
appropriate reference point to assist in the determination of BAT-based permit conditions or for
the egtablishment of general binding rules under Article 9(8). It should be stressed, however,
that this document does not propose emission limit vaues. The determination of appropriate
permit conditions will involve taking account of local, ste-specific factors such as the technical
characteristics of the ingallation concerned, its geographical location and the loca
environmenta conditions. In the case of existing ingtallations, the economic and technica
viability of upgrading them also needs to be taken into account. Even the single objective of
ensuring a high level of protection for the environment as a whole will often involve making
trade-off judgements between different types of environmenta impact, and these judgements
will often be influenced by local considerations.

Although an attempt is made to address some of these issues, it is not possible for them to be
consdered fully in this document. The techniques and levels presented in the BAT sections
therefore not necessarily be appropriate for all instalations. On the other hand, the obligation to
ensure a high level of environmenta protection including the minimisation of long-distance or
transboundary pollution implies that permit conditions cannot be set on the basis of purely loca
considerations. It is therefore of the utmost importance that the information contained in this
document is fully taken into account by permitting authorities.

Since the best available techniques change over time, this document will be reviewed and
updated as appropriate. All comments and suggestions should be made to the European |PPC
Bureau at the Institute for Prospective Technological Studies at the following address:

World Trade Center, Idade la Cartuja g/n, E-41092 Seville— Spain
Telephone: +34 95 4488 284 Fax: +34 95 4488 426
e-mal eippch@jrc.es

Internet: http://eippchb.jrc.es
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Glossary of Terms

Associated emissions to air are given as daily averages based on continuous monitoring and
standard conditions of 273 K, 101.3 kPa, measured oxygen content and dry gas without dilution
of the gases with air. In cases where continuous monitoring is not practicable the vaue will be
the average over the sampling period.

Emissions are quoted as the daily average unless stated to the contrary.

Vaues for the emission of total carbon to air does not include carbon monaoxide (CO).

Associated emissions to water are based on a qualified random sample or a 24-hour composite
sample.

ppm is parts per million. Concentrations of metals or other substances in water or wastewater
are given as atota of soluble and insoluble materid.

ppb is parts per billion

An afterburner is - A specifically designed additiona @mbustion unit with burner system (not
necessarily used al of the time) that provides time, temperature and turbulence with sufficient
oxygen to oxidise organic compounds to carbon dioxide. Units can be designed to use the
energy content of the raw gas to provide most of the heat input required and are more energy
efficient.

BAT is Best Available Techniques according to Article 2 (11) of the Directive.

B(@)P is benzo(a@)pyrene and is used as an indicator of PAH content.

Blast furnace is a vertical furnace using tuyeres to blast heated or cold air into the furnace
burden to smelt the contents. (also known as a hearth shaft furnace, a water jacket furnace and a
lead shaft furnace).

CWPB is a centre worked pre-baked anode cell.

DEV$4 - Leaching test according to German DIN 38 414.

Dioxins means polychlorinated di-benzo para dioxins and polychlorinated di-benzo para furans
(PCDD and PCDF).

I-TEQ isthe PCDD/F toxicity equivalent.

EU is the European Union

EFTA isthe European Free Trade Area

EP means an Electrostatic Precipitator.

Fugitive emissions are un-captured or diffuse emissions,

GWP is globa warming potentidl.

Irony materia (Al, Cu) is materia that includes discrete iron components.

"If necessary" - meansiif a pollutant is present and has an environmental impact.

Launder — A channel used to convey molten metd or dag.
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Liquation is a refining technique that involves heating a molten metal to temperature where the
solubility of impurities decreases so that they can be separated.

n.a. means not available.

n.d. means not detectable.

PFC means poly fluorinated hydrocarbon.

Recuperation is the recovery of heat. In this sector, it can be the use of process heat to pre-heat
raw material, fuel or combustion air. Recuperative burners are designed to circulate hot gases
within the burner system to achieve this.

PB is pre-baked anode.

SPL is spent pot lining.

Semis are semi finished products such as rod, wire, extrusions, ingots etc that are used as an
input for the production of other finished products.

Shaft furnace is a vertical furnace used to melt metal.
SWPB is a side worked pre-baked anode cell.
Tapping is the opening of a furnace outlet to remove molten metal or dag.

VSSisvertical stud Soderberg anode cell.

Units

ny Microgram kg Kilogram Nn? Normal cubic metre (NTP) 273 K
€ Euro (0° C) 101.3 kPa (1 atmosphere)
a Y ear kwh Kilowatt hour ng Nanogram

cm Centimetre I Litre ppm Parts per million

Cts |Cents (United|lb Pounds weight| Rpm Revolutions (rotations) per

(US) | States) (avoirdupois) minute

d Day m’ Cubic metre t Tonne

DM | Deutsche Mark | mg Milligram Wt.-% Weight-percent

g Gram mm Millimetre °C Degree Celsius

GJ Giggoule MJ Meggoule K Absolute temperature - Kevin

h Hour MWh | Megawatt hour




Chemical Symbols

Ag Silver HCI Hydrogen chloride Pb Lead

Al Aluminium HF Hydrogen fluoride PO Lead oxide

ALO; [ Aluminium oxide Hf Hafnium S Sulphur

As Arsenic Hg Mercury 0O, Sulphur dioxide

Au Gald Ir Iridium O, Sulphur trioxide

B Boron H,0, |Sulphuricacid Se Selenium

Be Beryllium K Potassium Sn Tin

Bi Bismuth K,O Potassium oxide Sr Strontium

C Carbon Li Lithium b Antimony

Ca Cdcium Mg Magnesium S Silicon

Ca0 | Cdcium oxide, lime MgO | Magnesium oxide, S0, Silica, glicon
Magnesia oxide

Co Cobat Mn Manganese Ta Tantalum

Cd Cadmium MnO | Manganous oxide Ti Titanium

Cl Chlorine Mo Molybdenum T Tdlurium

Cr Chromium Na Sodium Re Rhenium

Cs Caesium Nb Niobium (columbium) | Rh Rhodium

Cu Copper NO, Nitrogen dioxide Ru Ruthenium

F Huorine Ni Nickel Vv Vanadium

Fe Iron NO, Sum of dl nitrogen W Tungsten
oxides

FeO | lronoxide Os Osmium Zn Zinc

Ga Gdlium Pd Palladium ZnO Zinc oxide

Ge Germanium Pt Patinum Zr Zirconium

PMs are precious metals: - Ag, Au and PGMs

PGMs are platinum group metds. - Ir, Os, Pd, Pt, Rh, Ru
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1 GENERAL INFORMATION

1.1 Processes covered in the scope of the work

There are many similarities between primary and secondary production of non-ferrous metals
and in some cases it is impossible to distinguish between the techniques used. Secondary
production of non-ferrous metals includes the production of metal from secondary raw materias
(including scrap) and the re-melting and aloying processes. This BREF document covers the
techniques for the production of both primary and secondary non-ferrous metals.

The production of carbon and graphite anodes (Section 6.8 of Annex | of the IPPC-Directive) is
included because of the production of anodes at some auminium smelters as an integral part of
the production process.

The production of 42 non-ferrous metals and the production of ferro aloys were identified in
countries who are obliged to implement IPPC. 10 groups of metas with smilar production
methods were identified. The study gathered data on the basis of these groups and this
document is structured on this basis.

The Groups are;

Cu and itsalloys, Sn and Be

Al and its alloys

Zn, Pb, Cd, Sb and Bi

Precious Metals

Mercury

Refractory Metalse.g. Cr, W, V, Ta, Nb, Re, Mo.

Ferroalloyse.g. FeCr, FeSi, FeMn, SiMn, FeTi, FeMo, FeV, FeB.
Alkali Alkaline Earth MetalsNa, K, Li, Sr, Ca, Mg and Ti

Ni and Co

Carbon and graphite electrodes

The production of radioactive metals is excluded from the work. The production of components
such as semi-conductors is also excluded.

Installations under 21 of Annex |, of the directive — sintering and roasting are covered by this
document. Roasting and sintering operations are covered in two areas. - a) those which are part
of the 2.58) process to produce the metal, - b) where roasting and sintering are crried out
independently, for example the roasting of molybdenum sulphide.

There are interfaces with the Chemicals Sector but there are specific issues and differences that
must be taken into account when these processes are associated with metal production, or when
metal compounds are produced as by-products of the production of metal. The following
processes are included in the scope of thiswork: -

The production of sulphur products such as elementa sulphur, sulphur dioxide and sulphuric
acid when associated with the production of a non-ferrous metal. In the case of sulphuric acid,
it is produced from the sulphur dioxide in gases emitted from various stages of the process. The
gas concentration, temperature and trace contaminants influence process design and the choice
of catalyst.

The production of zinc oxide from fume during the production of other metals,

The production of nickel compounds from liquors produced during the production
of ametd,
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The production of CaS and S which takes place in the same furnace as the
production of ferro-slicon,

The production of duminium oxide from bauxite prior to the production of primary
aduminium. Thisis a pre-treatment stage, which could be carried out a the mine or
a the smelter. It is an integra part of the production of the metal when performed
a the smelter and is included in the BREF.

Rolling, drawing and pressng of non-ferrous metas, when directly integrated with the
production of metal would be covered by a permit and are therefore included by this document.
Foundry processes are not included in this work and will be covered elsewhere.

1.2 Industry Overview

The European non-ferrous Metals Industry has an economic and strategic importance greater
than employment, capital and turnover satistics indicate. For example high purity copper is
essentia for eectricity generation and distribution and smal amounts of nicke improve the
corrosion resistance of steel.

Non-ferrous metals and their dloys therefore lie a the heart of modern life and many high
technology developments, particularly in the computing, electronic, telecommunications and
transport industries are dependent upon them.

1.2.1 Non-ferrous metals and alloys

All the non-ferrous metas considered in this document and listed in 1.1 above have there own
individual properties and applications. In severa cases however, eg. copper and auminium,
aloys are used in more applications than pure metals because they can be designed to have
specific strength, toughness, etc., to meet the requirements of particular applications.

Metals are inherently recyclable and can be recycled time after time without losing any of their
properties. They thus make a significant contribution to sustainable development. It is normally
not possble to distinguish between refined metal that has been produced from primary or
secondary raw materials and that produced from secondary raw materials (i.e. scrap etc.).

1.2.2 Scope of the industry

The output of the industry is derived from a variety of primary and secondary raw materials.
Primary raw materials are derived from ores that are mined and then further treated before they
are metalurgically processed to produce crude metal. The treatment of oresis carried out close
to the mines as, increasingly, is meta production. Secondary raw materials are indigenous
scrap and residues.

In Europe, ore deposits containing metals in viable concentrations have been progressively
depleted and few indigenous sources remain. Most concentrates are thus imported into Europe
from avariety of sources worldwide.

The output of the industry is either refined metal or what is known as semi manufactures, i.e.
metal and meta alloy cast ingots or wrought shapes, extruded shapes, fail, strip, rod etc.

For this BREF Document the non-ferrous foundries that produce cast metal products have not
been included but are covered by the Smitheries and Foundries BREF Document. The
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collection, sorting and supply of secondary raw materials for the industry lies within the metals
recycling industry, which again is not considered in this BREF.

Although an apparent contradiction in terms, the production of ferro-aloys, which are mainly
used as master dloys in the iron and steel industry, is considered part of the non-ferrous metals
industry.  Their aloying elements, i.e. refractory metas, chromium, silicon, manganese and
nickel are al non-ferrous metals.

The precious metals sector is also considered part of the non-ferrous metals industry for the
purposes of this document.

1.2.3 Structure of the industry

The structure of the industry varies metal by metal. There are no companies that produce all, or
even a mgority of, non-ferrous metals although there are a few pan European companies
producing severa metals, e.g. copper, lead, zinc, cadmium etc.

The size of the companies producing metals and metal aloys in Europe varies from a few
employing more than 5000 people and a large number having between 50 and 200 employees.

Ownership varies between pan European and national metals groups, industria holdings groups,
stand-alone public companies and private companies.

1.2.4 Economics of the industry

The key datistics of the European Non-Ferrous Metas Industry as defined for the purpose of
this document are:

Output 18 - 20 million tonnes
Sdes 40 - 45 billion €
Employees more than 200000

Many refined non-ferrous metals are internationa commodities. The maor metals (aluminium,
copper, lead, nickel, tin and zinc) are traded on one of two futures markets, the London Metal
Exchange and Comex in New York. The collectively named ‘minor’ metals have no central
market place; price levels are imposed by either producers or by merchants trading in the free
markets. In most applications non-ferrous metals are in competition with other materias,
notably ceramics, plastics and other ferrous and non-ferrous metals.

The profitability of each metal or metals group, and thus the economic viability of the industry
varies, both absolutely and on a short term basis, depending upon the current metal price and a
wide range of other economic factors.

The general economic rule applies however, i.e. that the nearer a material or product approaches
globa market conditions and international commodity status the lower is the return on the
capita invested.

There are thus severe congtraints on the availability of capital for non-productive expenditure on
environmental protection improvements. These are generdly a part of overal process
development and improvement. Investments in environmental and process mprovements in
genera need to be competitive in a globa environment as the European industry is in
competition with smilar plants in other developed and developing countries.
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1.2.5 Environmental performance

There has been a steady, and in some cases a very Sgnificant, improvement in the
environmenta performance and energy efficiency of the industry over the last twenty five years
since the adoption of Directive 84/360/EEC ‘On the Control of Pollution from Industria
Plants. The requirement to use Best Avalable Techniques to minimise pollution is well
understood by the industry in most Member States.

The recycling performance of the industry is unmatched by any other industry.
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1.3 Copper and its’ Alloys

1.3.1 General

Copper has been used for many centuries; it has avery high thermal and electrical conductivity
and is relatively corrosion resistant. Used copper can be recycled without loss of quality. These
properties mean that copper is used in diverse sectors such as electrica engineering,
automobiles, condruction, plumbing, machinery, shipbuilding, arcraft, and precison
instruments. Copper is frequently alloyed with Zn, Sn, Ni, Al and other metals to make a range
of brasses and bronzes [tm 36, Panorama 1997].

Copper production is based on grade A copper cathodes i.e. 99.95% Cu. The grade A
designation comes from the London Metal Exchange vocabulary for cathodes and refers to a
British Standard. This has been replaced recently by a European CEN Standard - EN 1978,
where the quality is designated as Qu CATH1 or in the new European aphanumeric system
CROO1A.

The maximum tolerable impurities in% are as follows: -

Ag 0.0025 - As 0.0005 - Bi 0.00020 - Fe 0.0010 - Pb 0.0005 - S0.0015 - Sb 0.0004 - Se
0.00020

Te 0.00020 with As+Cd+Cr+Mn+P+Sh 0.0015
Bi+SetTe 0.0003
Set+Te 0.0003
Agt+AstBi+Cd+Cot+Cr+Fe+tMn+Ni+P+Po+S+Sh+Set+Si+Sn+Tet+Zn 0.0065

1.3.2 Sources of materials

Refined copper is produced from primary and secondary raw materias by a relatively small
number of copper refineries; their product is copper cathode. Thisis melted, alloyed and further
processed to produce rods, profiles, wires, sheets, strips, tubes, etc. This step may be integrated
with the refinery but is frequently carried out at another site.

About 55% of the feed supplies to the copper refineries are purchased on the international
market in the form of copper concentrates, blister, anodes or scrap. The remaining 45% come
from domestic copper concentrates as well as domestic copper bearing residue or scrap.

The EU possesses few primary copper resources, but its copper metalurgica activities are
highly significant. Sizeable copper mine production can only be found in Portuga (start-up of
mining a Neves Corvo in 1989, 106500 tonnes of copper in 1997) and in Sweden (86600
tonnes). With about 239000 tonnes of copper extracted from domestic ores in 1997, the EU
accounts for around 2% of the total worldwide copper mine output.

Refining and semis manufacturing capabilities have developed in line with the requiremerts of
its large consumption, using imported primary raw materials and domestic as well as imported
scrap. Access to primary supplies has become increasingly difficult over the past few years, as
copper mining countries have developed their own refining facilities close to their mines,
thereby reducing raw materials availability on the international market.

Recycling congtitutes an important component of the raw material supplies to the copper
refining and manufacturing facilities. Altogether, secondary raw materials account for about
45% of the use of copper and it’'s aloys in Europe, either by refineries as the whole or part of
their feed or by the semis manufacturers directly.
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The quality of secondary raw materials varies greatly and many sources of these materials are
not suitable for direct use by the Semis manufacturers. The scrap industry is relied upon to
provide graded materia of adequate cleanliness for the Industry and athough there are agreed
specifications for scrap, wide variations are encountered. Additiona trestment or abatement
systems may be needed.

1.3.3 Production and consumption

Annua production of copper cathode at the time of writing is 959000 tonnes from primary
sources and 896000 tonnes from secondary sources. Beryllium is not produced in EU and is not
thought to be present in sufficient amounts in scrap to present any environmental issues.

Three of the secondary smelters and nearly al of the primary smelters have increased their
production output.  This dgnificant increase in production capacity has been made
simultaneously with environmental improvements. Computer scrap and printed circuit boards
are becoming more common secondary sources even though the copper content is low. The
scrap is pre-treated by both the scrap industry and by some smelters. This provides an outlet for
these materials.

Recycling is a a high level as copper can be reprocessed without 1oss of its intrinsic properties
and many secondary materias are available. EU copper refining activity has been able to grow
primarily by securing raw materials on the international market and making use of copper or
brass scrap and residues generated by consumers and processors.

EU copper semis manufacturers have an output that is three times that of EU refinery output.
They use the international market to secure adequate volumes of supplies of copper and brass,
together with alloying materials (mainly zinc, tin and nickel). This part of the industry is a net
exporter of about 500000 tonnes per year.
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Figure1.1: Worldwide copper production in 1997




Chapter 1

Country Mine Primary Secondary Semis

production | cathode(Anode) cathode Production
(anode)

Austria 4 23

Belgium 203 (35) 183 (126) 392

Denmark

Finland 9 116 (I71) 120

France 6 29 64

Germany 296 378 1406

Greece 81

Ireland

[taly 6 80 990

L uxembourg

Netherlands

Portugal 108

Spain 37 729 (+61) 63 (+28) 268

Sweden 87 95 A 206

UK 9 58 183

Iceland

Norway 7 3

Switzerland 70

Notes:

* Current ore production will cease in 2000.

Table1.1: E U (and EAA) Production of copper and it’salloysin 000’ stonnesin 1997
Oreproduction in Europe accountsfor ~30% of primary feed

1.3.4 Production sites

There are ten mgjor refineries in the EU. Five use primary and secondary raw materials and the
others use secondary raw materias only. It is estimated that the copper refining industry
employed more than 7500 people in 1997. Three companies have capacities of over 250000
tonnes refined copper cathode per year capacity: Atlantic Copper (E), Union Miniére (B) and
Norddeutsche Affinerie (D). Four others, MKM Hettstedt (D), Hittenwerke Kayser (D),
Boliden (SW) and Outokumpu (FIN), each produce more than 100000 tonnes per year.
Production capacity at the other facilities in Italy, Spain, Austria, the United Kingdom and
Belgium range between 35000 and 100000 tonnes of copper cathode per year.

There are many more companies in the Semis manufacturing industry. They use refined copper
and high quality secondary raw materials as feed materials. About 100 companies are involved
throughout the EU, employing some 40000 people. The industry can suffer from over-capacity
and is vulnerable to cyclicd movements in demand. EU copper demand follows the dow
growth pattern of a mature market.

The electrica wire-rod sector accounts for around haf of semis production. Some 20
companies, employing around 3000 people, are involved in this sector. A significant part of this
activity is attached to the cable sector as an integrated upstream input source (Alcatel, Pirdli,
BICC etc.) whilst another part is attached to the refinery sector as integrated downstream output
(Deutsche Giessdraht, Norddeutsche Affinerie, Union Miniére, Atlantic Copper etc.).

There are many more companies in the other copper semis manufacturing industry, producing
copper and copper aloys rods, bars, wires, sections, tubes, plates, sheet and strip: about 80
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companies are involved throughout the EU, employing some 35000 people. The industry is
however dominated by three large groups. KME-Europa Meta (D), with major manufacturing
activities in France, Germany, Ity and Spain; Outokumpu (FIN) in Finland, Sweden,
Netherlands and Spain; and Wieland Werke (D) in Germany and UK. Other major independent
companies include Boliden (S), with plants in Sweden, Netherlands, Belgium and the UK, Carlo
Gnutti (1), and IMI (UK).

There has been considerable rationalisation of and subsequent investment in the copper industry
in Europe over the past two decades. This has been in response to the creation of the single
market in the EU and economic pressures, such as increased energy costs, the need for
substantial investment in pollution abatement and frequent changes in exchange rates.




Chapter 1

<
% PRIMARY
" SECONDARY %

4  WIREROD
& SEMIS PRODUCTION

[uny

26 , 14
it

& 64
&65

'.,'!

PRIMARY
1 Boliden, Rénnskar
2 Outokumpu, Harjavalta
3 Norddeutsche Affinerie, Hamburg
4 Union Miniere, Olen
5 Atlantic Copper, Huelva

SECONDARY
11 IMI Refiners, Walsall
12 Norddeutsche Affinerie, Hamburg
13 Huttenwerke Kayser, Lunen
14 MKM, Hettstedt
15 Metallo-Chimique, Beerse
16 Montanwerke Brixlegg
17 Union Miniere, Hoboken
18 Enirisorse, Porto Marghera

WIREROD
21 Electrokoppar, Helsingborg
22 BICC, Prescott
23 RODCO, Skelmersdale
24 BICC, Enfield
25 Norddeutsche Affinerie, Hamburg
26 Lacroix & Kress, Bramsche
27 MKM, Mansfeld
28 Deutsche Giessdraht, Emmerich
29 Kemper, Duisburg
30 Union Miniere, Olen
31 Alcatel, Lens
32 Alcatel, Chauny
33 SIA, Santa Barbara
34 Lacambra, Barcelona
35 Metalcable (Atl.Copper), Cordoba
36 Cavi Rivest, Padova
37 Metalrame, Avelino
38 Colata Continua, Pizzighetone
39 Halcor, Inofita
40 Fulgor, Athens

SEMIS (with foundry)
51 Outokumpu, Pori
52 Outokumpu, Vasteras
53 Outokumpu, Finspang
54 Boliden, Gusum
55 IMI Copper Tubes, Kirkby
56 Boliden MKM, Walsall
57 Wednesbury, Bilston
58 Delta Extr., W.Bromwiich
59 B. Mason, Birmingham
60 HME, Drunen
61 KME, Osnabruck
62 MKM, Hettstedt
63 KME, Berlin
64 Diehl, Rothenbach
65 Wieland Werke, UIm
66 Sundwiger, Hemel
67 Trefimetaux, Givet
68 Trefimetaux, Boisthorel
69 Trefimetaux, Serifontaine
70 Griset, Villers Saint Paul
71 Lego, La Ferté Bernard
72 CLAL-MSX, Bornel
73 Trefimetaux, Pt deCheruy
74 Bonmartin, Domene
75 Locsa, Cordoba
76 Outokumpu, Zaratamo
77 Halcor, Athens
78 Europa Metalli, Serravalle
79 Carlo Gnutti, Chiari
80 Eredi Gnutti, Brescia
81 Europa Metalli, Fornaci di Barga
82 Buntmetall, Amstetten

Figure 1.2: European Production Sites
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Figure1.3: Copper SemisProduction 1995. Total for 1995 = 4700000 tonnes

1.3.5 Environmental issues

Historically the mgor environmenta problem associated with the production of copper from
primary sources was the emission of sulphur dioxide to air from the roasting and smelting of
sulphide concentrates. This problem has been effectively solved by the EU smelters who now
achieve on average 98.9% fixation of the sulphur and produce sulphuric acid and liquid sulphur
dioxide.

The main environmental issues associated with the production of secondary copper are also
related to the off gases from the various furnaces in use. These gases are cleaned in fabric
filters and so can reduce the emissions of dust and metal compounds such aslead. Thereisaso
the potentid for the formation of dioxins due to the presence of small amounts of chlorine in the
secondary raw materials and the destruction of dioxinsis an issue that is being pursued.

Fugitive or uncaptured emissions is aso an issue that becoming increasingly important for both
primary and secondary production. Careful plant design and process operation is needed to
capture process gases.

The control of emissions to air and discharges to water from the production of copper wire-rod
and copper and copper dloy semisis well developed. The control of the emissions of carbon
monoxide from shaft furnaces especialy those operating under reducing conditions is achieved
by burner optimisation.

Recycling congtitutes an important component of the raw materid supplies of the copper
refining and manufacturing facilities. Copper can be recovered from the maor part of its
applications and returned to the production process without loss of quality in recycling. Having
very limited access to domestic primary sources of copper, the EU industry has traditionally
given much attention to so-caled "surface mines’, relying to a large extent on scrap feed to
reduce the large deficit of its copper raw materials trade balance.

Almost 100% of new or process copper scrap is recycled and according to some studies it has
been estimated that 95% of old copper scrap that becomes available is aso recycled.

10
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Overal, secondary raw materials account for the production of about 45% of EU copper but in
some cases, such as brass rods, the product is made entirely from recycled copper and brass,
with only asmal input of primary zinc.

The EU copper industry has developed advanced technologies and made considerable
investments so as to be able to process a wide range of copper scrap, including complex, low-
grade residues, and to comply a the same time with increasingly stringent environmental
constraints.

The ability of the industry to increase this high recycling rate depends on a number of complex
factors.

11
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1.4 Aluminium

1.4.1 General

Aluminium [tm 36, Panorama 1997] is a material with a large range of applications, in the
transportation, construction and packaging industries, the eectricity sector, in al high voltage
electricity distribution systems, household appliances, and the mechanica and agricultura
sectors. It is light, has good electrical conductivity and forms a surface oxide layer when
exposed to air that prevents further corrosion.  Aluminium is highly reactive particularly in the
form of powder and is used in dumino-thermic reactions to produce a variety of other metals.

The auminium industry is the youngest and largest of the non-ferrous metal industries,
auminium smdting only began about a century ago. The EU aduminium industry directly
represents a workforce of about 200000 people and its annual turnover is in the order of 25
billion€. Tota production of un-wrought metal amounted to 3.9 million tonnes in 1997. About
43% of this output is accounted for by the processing of recycled scrap, which has been
congtantly increasing.

1.4.2 Sources of materials

Primary auminium is produced from bauxite that is converted into alumina. 100 tonnes of
bauxite produces 40 - 50 tonnes of adumina (aluminium oxide) which then produces 20 - 25
tonnes of duminium. Mogt of the bauxite is mined outside Europe but there are severa aumina
production facilities within Europe.

The secondary industry is dependent on sources of scrap. Scrap can be termed “New Scrap”
that is generated during the production and fabrication of wrought and cast products or “Old
Scrap” that is recovered from articles at the end of their useful life. The recycling rate of “New
Scrap is 100% of the amount produced. The supply of raw materials to the EU primary and
secondary industry is largely met by domestic alumina production and scrap recycling. The total
metal output however, fals short of the processing industry needs and at present it meets only
55% of the EU demand.

1.4.3 Production and consumption

The European auminium industry features mining and aumina production, primary and
secondary smelting and meta processing into semi-finished products (e.g. bars, profiles, wires,
sheets, fails, tubes, pipes) or specidity products (e.g. powders, specia aloys).

Area Production | Consumption
Europe 3216 o603
USA 3003 5390
Russia 2907 509
Canada 2327 642
China 1776 2013
Australia 1495 362
Brazil 1189 479
Venezuela 643 193

Table1.2: Primary aluminium production by country 1997 (thousand tonnes)

12
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Figure 1.4: Primary aluminium production by country 1997 (thousand tonnes)

Many of these activities are integrated, but a number of EU manufacturers focus their activity
on one particular segment only, such as recycling and secondary smelting or semis fabrication.

The EU accounted for 10% of the total world production in 1997. Production of aluminium
from secondary raw materias in the EU is one of the highest in the world at about 1.7 million
tonnesin 1997. It represented 23% of the Western world output from recycled materials.

1.4.4 Production sites

At the beginning of 1998, twenty-two primary auminium smelters were operating in the EU,
and a further 8 in the EEA. The number of producer companies is, in fact, much smaler: the
major ones are Aluminium Pechiney (F), VAW auminium (D), Alcoa Spain (E), Alcoa Itay
(1), Hoogovens (NL), British Alcan (UK), Hydro (N) and Alusuisse (CH). Some of these
companies operate plants in different European countries or have subsidiaries or branches in
other parts of the world, or are part of international corporations.

The number of companies involved in secondary auminium production is very much larger.
There are about 200 companies whose annual production of secondary aduminium is more than
1000 tonnes per year [tm 116, Alfed 1998]. There is a good integration of the rolling activity
with the production processes but the extrusion industry is much less integrated, with about 200
production sites scattered on the EU territory.
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Country Bauxite Alumina Primary Secondary Semis
Production Production Aluminium Aluminium Production
in 1000's of in 1000's of in 1000's of in 1000's of in 1000's of

tonnes tonnes tonnes tonnes tonnes
Austria 98 139
Belgium 353
Denmark 14 18
Finland 33 35
France 0600 399 233 41
Germany 730 o572 433 1797
Greece 2211 640 133 10 213
Ireland 1250
[taly 880 188 443 862
L uxembourg
Netherlands 232 150 200
Portugal 3
Spain 1110 360 4 330
Sweden 98 26 131
UK 120 248 25/ 507
Iceland 173
Norway 919 59 250
Switzerland 27 6 131
EuropeTotal 2211 5350 3216 1803 5757

Table 1.3: European aluminium production in 1997

1.4.5 Environmental issues

The main ewironmentd issues for primary duminium are the production of poly fluorinated
hydrocarbons and fluorides during eectrolyss, the production of solid waste from the cells and
the production of solid waste during the production of dumina. Similarly for the production of
secondary auminium there are potentia emissions of dust and dioxins from poorly operated
furnaces and poor combustion and the production of solid wastes (sat dag, spent furnace
linings, dross and filter dust). The industry has made progress to reduce these emissions. They
have been reduced over the last fifteen years by a factor of between four to ten, depending on
the type of emission and the process used.

The man cost of producing primary auminium is eectricity and production tends to
concentrate where low cost electricity is available, this influences the distribution of sites. The
European duminium industry has made considerable efforts to reduce its dectricity
consumption, bringing it down from 17 kWh per kg produced in 1980 to 15 kWh per kg in
1998. The production and refining of secondary auminium is much less energy demanding and
consumes less than 5% of the energy needed to produce primary auminium.

There are many initiatives involved in improving the return of scrap auminium and the industry
is an active player in this area. The recycling of used beverage cans (UBCs) is an example of
this. Collected materid is recycled in a closed loop to produce more beverage cans to the same
aloy specification. Much attention is paid by the secondary industry to producing the correct
aloy compostion and pre-sorting of scrap types is important. An example of this is the
segregation of extrusion scrap to preserve the particular aloy.
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1.5 Zinc, Lead and Cadmium

1.5.1 Zinc
1.5.1.1 General

Zinc [tm 36, Panorama 1997; tm 120, TU Aachen 1998] has the third highest usage of non-
ferrous metal, behind auminium and copper. It has a rdatively low melting point and is used in
the production of a number of aloys such as brass. It can easily applied to the surface of other
metals such as steedl (galvanising) and when it is used as a meta coating, zinc corrodes
preferentially as a sacrificid coating.  Zinc is dso used in the pharmaceutical, nutrient,
construction, battery and chemical industries.

Commercial useof zinc| World-wide | World-wide | World-wide Europe
1975 1984 2005 1995
[%] [%] [%] [%]
Galvanising 38.0 48.5 4.8 43
Brass 19.8 17.6 16.6 23
Die casting 18.3 14.3 10.5 13
Semi-finished products 8.5 7.3 6.4 12
Chemicals 12.7 9.6 8.0 8
Others 2.8 2.7 3.7 1

Table1.4: World and European uses of zinc.

Zinc is supplied to the market in various qudities, the highest qudity is specid high grade
(SHG) or Z1 which contains 99.995% zinc while the lowest qudity good ordinary brand (GOB)
or Z5 is about 98% pure. Extrusion products such as bars, rods and wires (mainly brass); rolling
products such as sheets and strips, casting aloys; and powders and chemical compounds, such
as oxides are produced.

Grade Colour | Nominal 1 2 3 4 5 6 Total of 1

Classification| code Zinc Pb Cd* Fe Sn Cu Al to6

content | max. | max. | max. | max. | max. | max. max.
Z1 white 99.995 [ 0.003 | O.003 ] 0.002 | 0.00I | 0.001 T 0.001 0.005
Z2 ydlow 99.99 0.005 | 0.005| 0.003 | 0.001 [ 0.002 - 0.01
Z3 green 99.95 0.03 | 0.01 | 0.02 | 0.001| 0.002 - 0.05
Z4 blue 99.5 045 | 001 | 0.05 - - - 0.5
Z5 black 98.5 14 | 001 | 0.05 - - - 15
Notes:

*For a period of five years after the date of ratification of this standard the max. Cd contents of grades Z3, Z4
and Z5 shall be 0.020, 0.050 and 0.050 respectively

Table1.5: Primary zinc grades
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Grade | Nominal | 1 2 3 4 5 6 | Total of
Zinc Pb | Cd* | Fe Sn Cu | Al 1to6 Remarks
content | max. | max. | max. | max. | max. | max. | max.

ZS1 98.5 14 10051005 %) - - 15%F) | Grades made

YASY) 98 1.6 | 007 | 012 | *) - - 20**) [ mainly by recycling

Z3S 97.75 1.7 | 009 | 0.17 - - - 2.25 | of scrap and used
products
Grade made mainly

ZSA 98.5 13 | 0.02 | 0.05 - - - 15 |from Zn containing
residues, ashes

Notes:
*) Sn max 0.3% for brass making, 0.7% for galvanising. When present at these levels the actual Zn content may be

lower than the nominal Zn content.
**) Excluding Sn when present at the levels givenin *)

Table1.6: Secondary zinc grades

End-uses include a wide range of applications, the most important being steel protection against
rust for the automobile, appliance and building industries. Zinc aloys (e.g. brass, bronze, die
casting dloys) and zinc semis are respectively the second and third major consumption areas
with applications aso in the building, gppliance and car industries.

1.5.1.2 Sources of materials

The meta is produced from a range of zinc concentrates by pyrometalurgical or
hydrometallurgical processes. Some concentrates contain high proportions of lead and these
metals are also recovered. Zinc is aso associated with cadmium and the concentrates are a
source of this metal.

EU concentrates used to meet more than 45% of the EU refinery requirements 10 years ago but
they now account for less than 25% of these. The deficit is filled in by increased imports, as
mine production capacity is currently increasing in North America, Australia and some South
American countries.

Secondary raw materias such as galvanising residues (ashes, skimmings, dudges etc), flue dust
from sted plants and brass processing and die-casting scrap are also sources of zinc. Metal
production from secondary sources accounted for more than 8% of the total EU refined zinc
output in 1994. The recycling of zinc and zinc containing products is a key issue for the
industry.

1.5.1.3 Production and consumption

The EU mine output is essentidly accounted for by Ireland and Spain and was 383000 tonnes of
zinc concentrates in 1994, This was a fal from 397000 tonnes in 1993, as a result of the
exhaustion of reserves and the lower ore grades at some mining operations. Metal production
stepped back below the 1.8 million tonnes mark which it had overstepped in 1992, while
consumption of refined zinc increased from 1640000 tonnes to 1770000 tonnes, accounting for
30% of the demand for zinc in the market economy countries.
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Country Productionin 1992 | Production in 1993 | Production in 1994
(in 1000’ s of tonnes) (in 2000's of tonnes) (in 2000's of tonnes)
Canada 1325 1004 1008
Audtralia 1014 1007 928
Peru 0626 [$565S] 682
USA 951 513 o001
European 500 411 383
Union

Table 1.7: Production of zinc concentrates
[tm 36, Panorama 1997]

Production in 1994.
('000s tonnes as zinc content)

European Union

11% Canada

27%
USA

17%

Peru
19% Australia

26%

Figure 1.5: World production of zinc from concentratesin 1994

The EU stands as the world leader in zinc production, far ahead of Canada and Japan, which
rank second and third respectively. In 1994, the EU output was recorded at 1749000 tonnes
metal, accounting for nearly 33% of the market economy countries total of 5376000 tonnes.
The EU is aso the mgjor consumer area for zinc among the market economy countries. The
1770000 tonnes zinc consumed in 1994 was 49% above the second largest consumer market,
(USA) and 145% above the third (Japan).
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Country Production in 1992 | Production in 1993 | Production in 1994
(in 1000's of (in 1000's of (in 1000's of
tonnes) tonnes) tonnes)
European Union 1644 1819 1749
Canada 672 662 693
Japan 729 696 666
USA 400 332 356
Australia 333 317 318
CIS 431 390

Table 1.8: Production of refined zinc

1.5.1.4 Production sites

Zinc is produced by roast-leach-electro-winning processes and by the Imperia Smelting
Furnace — ditillation process. The following tables show the location and capacities of the sites

in EU.

E = electrolytic plant;
ISF= imperial smelting furnace;
RT = firerefining. Source: industry statistics

Country Company L ocation Process | Capacity
[t/a]
Belgium Union Miniere Balen-Wezel E 200000
Germany Ruhr-Zink Datteln E 96000
MIM Huttenwerke Duisburg-Wanheim ISF-RT 100000
Duisburg
Metaleurop Weser Zink | Nordenham E 130000
Spain Adturiana de Zinc Sun Juan de Nieva E 320000
Espaiiola del Zinc Cartagena E 60000
France Union Miniere France Auby E 220000
Metaeurop Noyelles Godault ISF-RT 100000
Finland Outokumpu Zinc Oy Kokkda E 175000
[taly Enirnsorse Porte Vesme (Sardegna) | TSF-RT 75000
Porte Vesme (Sardegna) | E 100000
Pertusola Sud Crotone (Cdabria) E 80000
Netherlands [ Budeco (Pasminco) Budel-Dorplan E 210000
Norway Norzink E 140000
UK Britannia Zinc (MIM Avonmouth ISF-RT 105000
Holdings)
Notes:

Table1.9: Top European producersin termsof annual capacity, 1994
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= 19%
16%

Figure 1.6: Production of zinc metal in EU (1994)

1.5.1.5 Environmental issues

Higtorically the mgor environmental problem associated with the production of zinc from
primary sources was the emission of sulphur dioxide to air from the roasting and smelting of
sulphide concentrates. This problem has been effectively solved by the EU smelters who now
achieve a high fixation of the sulphur and produce sulphuric acid and liquid sulphur dioxide.

The leaching of cacine and other materia produces liquor that contains iron. The removal of
iron results in the production of significant quantities of solid waste that contains a variety of
metals. The disposal of this waste requires a very high standard of containment and monitoring.

Fugitive emissions from roasting and calcining are aso very important and need to be
considered for all of the process stages. The fugitive emissions of acid mists from the electro-
winning of zinc is a particular example of this.

Zinc and zinc containing products can be recycled largely. Estimates based on historica
consumption and product life cycles indicate that a recovery rate of 80% of recoverable zinc has
been reached. The recycling system of zinc is far advanced, not only as zinc metal but also in
severa different forms.

15.2 Lead
1.5.2.1 General

Lead [tm 36, Panorama 1997] is the most abundant heavy meta in the earth's crust and has been
used for many centuries. It is found in pure sulphide ores or nowadays more in mixed ores
where it is associated with zinc and small amounts of silver and copper. Lead is a soft metal, it
has a low melting point and is resistant to corrosion. These properties give it great functiona
value, both in its pure form and in as alloys or compounds.

Lead is classfied in terms of the composition of the product, the following table shows the
chemical composition of lead according to the new European Standard.
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Grade 1 2 3 4 5 6 7 8 9 Total
Design| Pb Bi Ag Cu Zn Ni Cd S Sn As |of 1to
ation | min. | max. | max. | max. | Max. | max. | max. | max. | max. | max. | 9 max.

PB 990 | 99.990 | 0.010 | 0.0015 | 0.0005 | 0.0002 | 0.0002 | 0.0002 | 0.0005 | 0.0005 | 0.0005 | 0.010
PB 985 | 99.985 | 0.015 | 0.0025 | 0.0010 | 0.0002 | 0.0005 | 0.0002 | 0.0005 | 0.0005 | 0.0005 | 0.015
PB 970 | 99.970 | 0.030 | 0.0050 | 0.0030 | 0.0005 | 0.0010 | 0.0010 | 0.0010 | 0.0010 | 0.0010 | 0.030
PB 940 | 99.940 | 0.060 | 0.0080 | 0.0050 | 0.0005 | 0.0020 | 0.0020 | 0.0010 | 0.0010 | 0.0010 | 0.060

Notes:
The German standard DIN 1719 is the basis for the new European Standard EN 12659,

Table1.10: Lead grades

There have been major changes in the pattern of use of lead. The battery industry creates up to
70% of the demand and is fairly stable but other uses for lead which include pigments and
compounds, protection againgt radiation, rolled and extruded products for the building industry,
cable sheathing, shots and gasoline additives are in decline.

Commercial use 197311983 | 1993 | 1994

% % % %
Batteries 38 43 56 59
Chemicals 24 27 22 22
Semi-finished products. and casting 17 17 16 16
Cables 15 5 25 | 20
Alloys 2 3 11| 08
Others 4 - 16 | 02

Tablel1.11: Usesof lead Worldwide

1.5.2.2 Sources of materials

Refined lead is derived from primary material in the form of lead ores and concentrates, and
secondary materia in the form of scrap and residue. Primary production requires the smelting of
lead-bearing ores to produce lead bullion that is then refined. The economics of primary lead
ore production is linked to the silver and zinc contents of the ore bodies. Lead metal production
requires the sulphur content of the ores to be treated to produce sulphuric acid. Most primary
lead smelters have a complex refining process associated with them and associated processes to
recover the silver content as an Ag-Au dloy. Primary refining is therefore linked to the
economics of mining leadkzinc ore-bodies. The zinc and silver content of the ores are the
principa profit makers.

The EU possesses few lead mine resources but lead production is a large and important
industry. During the last 10 years, EU consumption and production have experienced only
modest growth, resulting in a decrease in the EU's share in world markets.

The secondary refining industry now supplies more than 50% of lead consumed. Lead acid
accumulators in cars are the main source of scrap for secondary refining. The industry makes
positive steps to encourage recycling of these batteries, this proportion is increasing as the world
car population increases and the return rate of old batteries increases. Secondary production may
also require refining facilities if the secondary raw materials contain unwanted compounds.

1.5.2.3 Production and consumption

EU lead production is high, ranking first among the market economy countries with 1398000
tonnes in 1994, of which 52% was from secondary feed materials. The industry is responding to
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ecological concern by recovering ever increasing amounts of lead so that primary production is
seadily declining.

The EU is the largest lead producing area worldwide, ahead of the United States. In 1994, these
two regions together accounted for 59% of the market economy countries total refined
production of 4.5 million tonnes. The United Kingdom, Germany, France and Itay are the
major producers and, on average, 49% of their output is based on secondary feed supplies. The
EU average of 52% is in this respect significantly lower than the US average of 72%, whichis
the highest world-wide, but it remains well above that in any other market economy country.

The EU ranks second to the United States in terms of consumption, accounting for 28% of the
market economy countries lead consumption in 1994, whilst the US share is close to 30%. The
four mgjor producing member states of the EU are aso the mgjor consuming market.

1.5.2.4 Production sites

Within the EU there are 7 primary smeltersg/refiners whose production capacity ranges in size
from 40000 tonnes per year to 245000 tonnes per year. The primary refineries are mostly
multinational, and are spread throughout the United Kingdom (Britannia refined metals), France
(Metaleurop), Germany (Ecobat, Metaeurop), Belgium (Union Miniére) and Italy (Enirisorse).
All plants smelt lead or lead/zinc concentrates before refining lead bullion and aso refine crude
bullion from other sources to recover precious metals. Britannia refined metals aso refines
crude lead bullion imported from its parent company MIM in Austrdia. With the exception of
Union Miniere, all of these primary refiners are involved in secondary recycling/refining as
well.

The secondary industry is characterised by a large number of smaller refineries, many of which
are independent. There are approximately thirty secondary smelters/refiners in the EU
producing from 5000 to 65000 tonnes per year. They recycle and refine scrap generated in their
local area. The number of these refineries is decreasing as the large multinational companies,
and the mgjor battery manufacturing groups as well, acquire the smaller secondary facilities or
Set up their own new recycling operations.

Country | Lead blast furnace Direct smelting Secondary rotary Total lead
annual capacity * annual capacity * furnaces refining
t/a t/a annual capacity capacity
t/a t/a
Austria 32000 22000
Belgium 115000 20000 175000
France 110000 162000 299000
Germany 35000 220000 130000 507000
Greece 12000 12000
ltaly 90000 125000 235000
Netherlands 20000 20000
Spain 14000 62000 76000
Sweden 20000 65000 155000
United 40000 107000 307000
Kingdom (200000 t/arefining
capacity)
Notes:

* Primary and/or secondary raw materials.

Table1.12: Annual capacitiesfor European lead processes
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Total Lead refining capacity t/a
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Figure 1.7: European lead refining capacity

1.5.2.5 Environmental issues

Higtorically the major environmental problem associated with the production of lead from
primary sources was the emission of sulphur dioxide to air from the roasting and smelting of
sulphide concentrates. This problem has been effectively solved by the EU smelters who now
achieve a high fixation of the sulphur and produce sulphuric acid and liquid sulphur dioxide.

The main environmental issues associated with the production of secondary lead are also related
to the off gases from the various furnaces in use. These gases are cleaned in fabric filters and so
can reduce the emissions of dust and metad compounds. There is aso the potential for the
formation of dioxins due to the presence of small amounts of chlorine in the secondary raw
materials and the destruction of dioxinsis an issue that is being pursued.

Lead is of great environmental concern and many lead compounds are classified as toxic.
Generd policy is normally to restrict emissions to the lowest practicable levels given the state of
technology, and recycling is normally conducted whenever appropriate and economic. Most
control measures are concerned principally with human exposure (humans are most affected by
lead exposure) athough there are certain instances in which animas can be exposed to
environmental lead.

Environmenta legidation will require investment to reduce lead in ar emissons. In recent
years several new technologies have been developed and implemented which offer more
efficient methods of smelting lead concentrates. These processes have aso reduced emissions
to the environment. Existing processes have been improved by using up to date control and
abatement systems.

Batteries, which created 52% of lead consumption in the EU in 1994, are recycled with more
than 90% efficiency.

Regulations affecting lead fall into three main categories. occupational exposure, emissions
(ambient air quality) and controls on food water and products. Occupational exposure is
addressed under EU directive 82/605/EEC of July 28, 1992 on the protection of workers from
risks related to exposure to metallic lead and its ionic compounds at work. This directive sets
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limitson the levd of lead in air in the workplace and on certain biological indicators which
reflect the level of exposure of individual workers. The limit vaues are complemented by rules
on the protection of the workforce providing for the use of protective clothing, respirators,
washing facilities or specifying rules on eating, drinking, smoking, etc.

Lead in the generad amosphere is limited under directive 82/844/EEC of December 3, 1982,
which sets a limit for levels of lead in air throughout the EU. These limit vaues are currently
being revised. Levels of lead in water are aso controlled in a number of directives relaing to
water depending on its type and use e.g., water intended for human consumption, water for
bathing, fishing waters, etc.

1.5.3 Cadmium

1.5.3.1 General

Cadmium belongs to the zinc subgroup of the periodic table and was discovered by Strohmeyer
in 1817 during an investigation into ZnCQO;. It is associated with zinc in mineras at a ratio of 1
: 200 Cd to Zn. It is physicdly smilar to zinc but is more dense fter and can be polished.
Unlike zinc it is dso resistant to akais. Cadmium is aso a good absorber of neutrons and is
therefore often used in nuclear reactors.

In its compounds it has an oxidation state of 2. Cadmium is widely distributed Worldwide
with a content between 0.1 and 1 ppm in the topsail.

1.5.3.2 Source of materials

There are only a few cadmium-minerals, such as Greenockite (CdS) or Otavite (CdCO,) and as
CdO. None of these mineras is industrialy important. Zinc minerals, which contain cadmium
as an isomorphic component at concentrations of about 0.2% have economic significance for
cadmium recovery. In addition, lead- and Cu-ores may contain small amounts of cadmium.

1.5.3.3 Production and consumption

Unlike other heavy metals, cadmium has been refined and utilised only relatively recently;
production and use have risen only during the last 40 - 50 years. The main uses today are: -

electroplated cadmium coatings,

nickel-cadmium batteries,

some pigments and stabilisers for plastics,

dloys for solders, in fire protection, for control rods in nuclear reactors, for eectrica
conductors.

Small amounts are used for solar cells.

Since 1970 the cadmium-production of the Western World remained fairly constant between
12000 and 16000 t/a. The World production has been around 20000 t/a. The use of cadmium in
various applications has varied since 1970 and has been affected by technical, economic and
environmental factors. This has influenced the metal prices. Metal prices in the Seventies
reached 3 US $/lb, and in the eighties varied between 1.1 and 6.9 US $/lb. Since that time the
cadmium-price fell to 1 US $/lb and even went as low as 0.45 US $/lb, which is equivaent to
the zinc-price level.
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Main producer and user countries are shown in the falowing table.

Country Production Use
t/a t/a

Canada 2832 107
Japan 235/ 6527
Belgium 1579 2017
PR China 1300 600
United States 1238 1701
Germany 1145 750
Finland 600 -
France 205 1276

Table1.13: Main cadmium producersand usersin 1996

Cadmium is recovered: -
From pyro-metallurgica Pb-Cu recovery in the flue dust from the smelting operation.

From pyro-metallurgical Pb-Zn recovery in the flue dust from the sinter/roast operation and
from crude zinc.

Flue dusts are generally leached with H,SO, to separate the cadmium which is afterwards
precipitated as CdCO; or reduced to cadmium sponge with more than 90% cadmium. The
sponge may be either smelted under NaOH, or vacuum distilled, or dissolved and electrolysed
to produce cadmium of high purity

[0 99.99% cadmium].

Crude zinc may be distilled in New Jersey columns to produce pure zinc and a Cd-Zn-aloy with
more than 60% cadmium. The Cd/Zn aloy from the New Jersey distillation operation has to be
distilled twice, before pure cadmium is produced.

Recycling takes place, but only very few companies take part. Mainly used batteries are
recycled to recover cadmium and Ni.

1.5.3.4 Environmental issues

The status of cadmium compounds has a significant impact on the assessment of emissions and
nickd is listed in the Directive 76/464 Dangerous Substances Directive for Water in List [1. A
technical working group under Directive 96/62/EC Air Quality Assessment and Management is
developing an environmenta air quaity standard for cadmium. These factors need to be taken
into account.

Cadmium has been ubiquitoudy distributed in the natural environment for millions of years.

Industrial  production has affected the total digtribution only inggnificantly, but in some
restricted areas environmental problems have been developed. A typica zinc production
process can produce 600tonnes per year of cadmium. Cadmium production is closely controlled
to prevent fugitive emissions and remove dust to a very high standard.

More than 90% of the non-smoker intake of cadmium is reported to be by food. Consequently
cadmium contamination of cultivated soil has to be lowered and controlled. Limiting emisson
values for cadmium to air are < 0.2 mg/Nn?® and for water < 0.2 mg/l.
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The critical effect of cadmium is rena tubular dysfunction. The tubular damage is irreversible,
S0 prevention is more important than diagnoss. The long biologicd haf-life of cadmium can
lead to a continuous increase in renal levels over many years and so past exposure is often more
important than present exposure.

In many applications, cadmium alloys are essentid and cannot be substituted with other
materials. Similarly the use of cadmium in rechargeable batteries can aso be an environmental
benefit.
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1.6 Precious Metals

1.6.1 General

Precious metals [tm 36, Panorama 1997] include such well-known metals as gold and silver as
well as the sx plainum group metds. platinum, paladium, rhodium, iridium, ruthenium and
osmium. They are termed precious metals because of their rarity and corrosion resistance.

The EU has the largest refining and fabricating capacity for precious metals in the world, even
though its actual minera resources of such metals are very limited. The recycling of precious
metals from scrap and industria residues has aways been an important raw material source for
the EU industry.

Consumption of gold in the EU is manly for jewdlery, with smaler amounts used in
electronics and other industrial and decorative applications. The principal users of silver are the
photographic and jewellery indudtries. The platinum group metals are used extensively as
cataysts and the imposition of gtrict emissions limits on vehicles sold in the EU has stimulated
demand for their usein catalytic converters.

1.6.2 Sources of materials

Mines in al @rts of the world consign large quantities of precious metals, in crude ore or by-
product forms, to the EU refineries. Refineries with significant precious metal capacities are
found in Belgium, Germany, Sweden, Finland and the United Kingdom. These typically recover
precious metals from lead and zinc, copper or nickel ores, as well as low-grade scrap materias
of al kinds, and they supply the pure metalsin bars or plates, grain or sponge.

There are small deposits of precious metal ores in Europe, the following table shows the
primary resources in 1997. These resource account for approximately 4.5% of world primary
silver, 1.1% of world primary gold and 0.08% of world primary PGM. Deposits of gold are
being developed in Greece and their contribution will be significant in coming years.

Country Silver t/a Gold t/a PGM t/a
Finland 11.0 10 0.1
France 0.1 57

Greece 12

Ireland 04

[taly 0.3

Portugal 11

Spain 6.2 54

Sweden 8.8 6.3

Table1.14: Precious metal - primary resour ces 1997

Europe has a number of companies who specidise in the collection, pre-processing and trading
of scrap and secondary materias before the actual assay and refining stages take place. Typica
items are discarded printed circuit boards, obsolete computers, old photographic film, Xray
plates and solutions, spent electro-plating baths etc.
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1.6.3 Production and consumption

The cost of recovery and recycling is more than justified by the high intrinsc value of the
precious metals contained in these scrap and residues. It is not just the economic aspects that
encourage the recycling of precious metals but aso the environmenta issues where stricter
limits on the tolerable metal content of waste materias sent for dumping are being set.

The refining of gold, silver and the platinum group metas in the EU takes place either at the
specidist precious meta refining and fabricating companies or at base meta refineries. Tota
precious metd refining capacity of the EU firmsis the largest in the world.

Country Silver Gold PGM
t/a t/a t/la
Austria 190 10 1
Belgium 2440 60 45
France 1520 1% 12
Germany 2700 193 92
[taly 1050 115 15
L uxembourg
Netherlands 130 15 1
Spain 830 30 5
Sweden 250 15 T
UK 2320 300 100
Switzerland 620 565 14
Other EU Countries 50 10 5

Table1.15: Annual capacity of European refineries (tonnes)

Silver t/a + Gold t/a + PGM t/a
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Figure 1.8: Total European precious metal refining capacity

The refinery capacity is approximately double the amount actually processed so that a rapid turn
round of processed metal can be maintained.
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Most of the precious metals are fairly easily fabricated either as pure metals or as dloys. Gold in
particular is usualy turned into specific aloys for jewellery or dental purposes in order to
improve its wear-resistance or colour. Because of the high intrinsic value and the wide range of
forms and alloys required, such metals are usually fabricated or processed in relatively small
quantities compared with base metals. One of the few precious metal products manufactured in
tonnage quantities is silver nitrate for the photographic industry.

European demand for precious metals is high. The jewellery trade has the highest consumption
of gold and the photographic trade for silver. The highest consumption of platinum is in the
production of auto catalysts. Other principa uses are in chemicals, dentistry and investment
such as coinage. The demand in 1996 for precious metals is shown below.

Silver Gold PGM

t/a t/a t/a

‘Total European Demand 5710 85l 35
Tota World Demand 19600 2621 360

Table1.16: Precious M etal Demand 1996

1.6.4 Production sites

The principa precious metals refiners and fabricators of the EU operate on an internationa
scale and are world leaders in their field. Prominent names are Degussa and Heraeus in
Germany and Johnson Matthey in the United Kingdom. The US precious metas firm,
Engelhard Corporation, has been operating in the EU for a number of years and in late 1994
announced a joint venture with the French precious metals company CLAL.

Magor EU base meta refiners with significant precious metal involvement include Union
Miniere in Belgium, Norddeutsche Affinerie in Germany, Outokumpu in Finland and Boliden in
Sweden.

1.6.5 Environmental issues

The EU precious meta refineries form an advanced technology, high performance industry that
is very strongly focused on research and development. The processes often use hazardous
reagents such as HCI, HNO;, Cl, and organic solvents. Advanced processing techniques are
used to contain these materials and the small scale of production allows these techniques to be
used effectively to minimise and abate potential emissions. This encompasses not merely new
uses for the precious metals but aso the discovery of techniques for economising the quantities
of precious metas used in existing applications. The raw materias are subject to intensive
sampling and assay and any process wastes are analysed to the same standard.

The recovery of these metals from secondary raw materias is particularly important and many
of these materials are classified as wastes from other industries. There are delaysin moving raw
materials because of the Trans-boundary Shipment of waste legidation and this can be an
obstacle to recycling.
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1.7 Mercury

1.7.1 General

Mercury is the only meta that is liquid a room temperature and has the lowest fuson and
bailing points of all metals. It dso has a high dectrica conductivity and these features are used
in avariety of applications such as electrica switch-gear and battery production. Mercury forms
aloys easily with a number of other metals and these are known as Amalgams, which are
extensvely used in dentistry. The mgor use of mercury is as a flowing cathode in the Chlor-
Alkai process. This process exploits mercury’s high conductivity and the formation of an
amalgam with sodium.

Mercury is characterised by the toxicity of the metal and its' vapour and the extreme toxicity of
some of its compounds. The result is that mercury is being replaced by aternative materials in
many of its' uses and so the demand and production of mercury has declined rapidly. There are
implications in the future as it is likely that some existing inventories of mercury will come on
the market or may even become wastes.

1.7.2 Sources of materials

Mercury appears in nature in the form of cinnabar (sulphide of mercury), which is associated
with very hard gangues such as the quartzite and the basalts. It is also present in the form of
other compounds such as oxides, sulphates, chlorides or selenides. These are rare and are
always associated with the cinnabar and generally have a low relevance. There are exceptions
such as livinstonite (HgSbS), which has been used in Mexico. The quality of primary ores varies
considerably from 0.1% mercury to more than 3%.

Other sources of mercury are the ores and concentrates of other metals such as copper, lead and
zinc etc. Mercury is produced from the purification of gases emitted during the production of
these metals. Mercury is also recovered from secondary materials such as dental amalgam and
batteries and it is aso obtained from the refining of ail.

1.7.3 Production and consumption

The decomposition of the cinnabar is complete at temperatures of 600° C shown by the formula
below. Mercury metal is condensed at room temperature. The heating can be carried out in
either “Herreschoff”, “Muffle’ or rotating furnaces. The last two are not frequently used.

HgS+ O, ® Hg+ SO,

Sour ce Mercury content in the ore Production
[%] [t/a]
Almaden, Spain >3 390
Mc Dermitt, USA 05
Nikitovska, Ukraine 01

Table1.17: Sourcesof mercury

In the case of rich ores, above 2% mercury, pre-treatment by crushing and grading is only
required and the crushed ore can then be fed directly into the furnace. In the case of poor ores
with 0.5% mercury, differentia flotation is used to separate the dlica rock to obtain
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concentrates with an average mercury content of 70%. For minerals below 0.1% of mercury, the
oreisroasted after crushing. Furnaces of large capacity (1000 t/day) are used.

Mercury production from the production of other non-ferrous metas in Europe for 1997 is
estimated at 350 tonnes. These processes generally produce mercury or caomel in the range
0.02 to 0.8 kg of mercury per tonne of metal produced depending on the mercury content of the
concentrate.

The decline in mercury production can be seen in the European production for 1960, 1970 and
1980.

Y ear Production
[t/a]
1960 2250
1970 3700
1980 1100

Table 1.18: Production of mercury in Western Europe

1.7.4 Environmental issues

The toxicity of mercury and its compounds is a significant factor. Mercury in the environment
can interact with various organic compounds to produce very toxic organo-mercury compounds.
Current legidation is therefore imposing more stringent standards on the industry to prevent
emissions, to curtail its' use in various processes and to remove mercury from the environment.

Mercury is a List 1 Substance under the 76/464 Directive on Pollution covered by the section
Dangerous Substances Discharged to the Aquatic Environment of the Community. Directive
84/156 set EU wide discharge limit values for mercury.
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1.8 Refractory Metals

1.8.1 General

The term refractory metals refers to a group of metals (in some cases rare earth metals) that can
mostly be characterised by the same physical properties. These properties, are for the mgority
of refractory metals, a high melting point, high density, specia electrical properties, inertness
and in particular, the ability to confer in small additions to steel and other metals exceptiona
increases in physical performance. Selected physical properties of some refractory metals are
shown below.

Metal Symbol Atomic Atomic Melting Boiling Density
Number M ass Point [°C] Point [°C] | [g/cm’]
Chromium Cr 24 51.99 1857 2672 7.19
Manganese Mn 25 54.94 1220 2150 7.44
Tungsten w 74 183.85 3410 5900 193
Vanadium V 23 50.4 1929 3450 6.11
Molybdenum Mo 42 95.94 2610 5560 10.22
Tantalum Ta 73 180.95 2996 5425 16.65
Titanium Ti 2 47.88 1725 3260 4.5
Niobium Nb 41 92.90 2468 4927 8.57
Rhenium Re 75 186.2 3180 5900 2102
Hafnium Hf 72 1784 2230 4602 13.09
Zirconium Zr 40 91.22 1857 3580 6.5

Table1.19: Physical propertiesof refractory metals

Refractory metals and hardmetal powders are used for a wide range of industrial applications.
Chromium metd is important in steel dloying and as a meta coating in the galvanic industry.
Among a variety of other uses like steel dloying, manganese is the key component of certain
widdy used duminium aloys and is used in oxide form in dry cell batteries [tm 174, T.S. Jones
USGS 1997]. The largest use of tungsten is as cemented carbides, which are also called
hardmetals. Cemented carbides are wear resistant materials used by the metalworking, mining
and congtruction industry. Tungsten meta wires, electrodes, and /or contacts are used in lighting
electronic, heating and welding applications [tm 175, K.S. Shedd USGS 1997]. Molybdenum
finds dgnificant usage as a refractory meta in numerous chemica applications, including
catalysts, lubricants, and pigmentgtm 176, JW. Blossom USGS 1997]. Tantalum and its twin
element niobium as used as tantalum and niobium powder and carbides. Tantalum powder is
mainly used for the production of tantalum capacitors.

Niobium and columbium are synonymous names for the same element. Columbium was the
first name given, and niobium was the name officially designated by the International Union of
Pure and Applied Chemistry in 1950 [tm 172, L.D. Cunningham USGS 1997]. As a metdl,
titanium is wel known for corroson resistance and for its high strength-to-weight-ratio.
However, approximately 95% of titanium is consumed in the form of titanium dioxide (TiO,), a
white pigment in paints, paper, and plastics [tm 177, J. Gambogi USGS 1997]. Rhenium is used
in petroleum-reforming catalysts for the production of high-octane hydrocarbons, which are
used in the production of lead free gasoline [tm 178, JW. Blossom USGS 1997].

Zirconium is the 18" most abundant element in the Earth’s crust with an average crystal
abundance of 165 parts per million. Martin-Heinrich Klaroth discovered the element in 1789 by
analysing zircon. Hafnium free zirconium is used as cladding for nuclear fuel rods. Commercial
grade zirconium, unlike nuclear grade, contains hafnium and is used in the chemica process
industries because of its excellent corroson resistance. Hafnium is a bright silver, ductile,
lustrous metallic element with a very high melting point. Hafnium metal was first produced in
19925 by Anton Edward van Arkel and Jan Hendrik de Boer by passing hafnium tetrachloride
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over a tungsten filament. Hafnium is used in nuclear control rods because of its high thermal
neutron absorption cross section [tm 179, JB. Hedrick USGS 1997]. Other applications of
refractory metals include the use as mixing elements for the production of metal containing
ceramics.

Due to their refractory nature the metals are sometimes processed in different ways from more
common metas. The production generally requires hydrometalurgica methods for extraction
and purification [tm 8, HMIP 1993] and hydrogen reduction and carburisation for the
production of hardmetal powder and hardmetal carbides. The crude refractory metals and metal
powders often need powder metdlurgica techniques in order to produce finished or semi-
finished products.

Processes for the manufacturing of refractory metas that includes the production of hardmetal
powder and metal carbides will cover the metals chromium, manganese, tungsten, vanadium,
molybdenum, titanium, tantalum, niobium, rhenium as well as the production of zirconium and
hafnium.

1.8.2 Sources of materials

Refractory metals can be produced from a wide range of primary and secondary raw materials.
Refractory metals are produced from primary raw materials by hydrometallurgical trestment of
oxidic and sulphide ores and concentrates and further hydrogen reduction and carburisation in
order to produce cemented carbides.

The production from secondary raw materia is normally based on hardmetal scrap and residues
from other production processes like spent catalysts. The fact that recycling plays an important
role can be demondtrated by the point that about 30% of the world tungsten supply is produced
from secondary raw materials. The tungsten processing industry is able o treat almost every
kind of tungsten containing scrap and waste to recover tungsten and, if present, other valuable
constituents.

The following table gives an overview about the most important primary and secondary raw
materials that are used for the production of refractory metals. It provides aso information
about the mineral deposits within the European Union.

A number of other raw materials such as coke, coal, charcoal, slicon, aluminium, cacium and
magnesium as reducing agents are also used. Different e.g. sulphuric acid chemicals are needed
for leaching, purification, precipitation, ion exchange and el ectrolytic operations.
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Metal Primary raw material Secondary raw
(Resour ces) material
Minerals Content Other Deposits
metals within
the EU
Chromium Chromite Cr < 50% Fe, Mg, Al Finlandand Chromium scrap
Greece
Manganese Pyrolusite Mn 63% Si Greece”
Braunite Mn 66% and
Manganite Mn 62% Italy 2
Psilomelane Mn 45 - 60% Ba
Tungsten Wolframite WO; 76% Fe, Mn Austria, Tungsten scrap
Scheelite W O3 80% Ca France, (grinding wheel swarf
Ferberite W O3 76% Fe Portugal and dust)
Hubnerite W O3 76% Mn and UK Hardmetal scrap
Vanadium Titanomagnetite® | V 1.5% Fe, Al, Ti, Cr Boiler residues
Montroseite V 45% Fe Fly ashes from
Corvusite V 40% incinerators
Roscoelite V < 14% Al, Si Spent catalysts from
the petrochemical and
chemical industry
Waste salts from the
production of alumina
Molybdenum Molybdenite Re Molybdenum
Wulfenite Pb containing spent
Powelite Ca W catalysts from
Ferrimolybdite Fe petroleum refining
Chal ocpyrite® Cu
Titanium Rutile TiO, 94% Titanium scrap mostly
IImenite TiO, <70% from the production of
L eucoxene TiO, 80% semi-finished products
TiO; rich slag Titanium swarf
from ilmenite
Tantalum Tantalite Ta,0542-84% | Fe, Mn, Nb Unoxidised metallic
Wodginite Nb,Sn,Mn,Fe tantalum scrap
Microlite Ta,0560- 70% | Na,Ca,Nb Tantalum anodes
Columbite Ta,051 - 40% Fe,Mn,Nb Capacitors
Sintered pellets
(Cassiterite)® Oxidised tantalum
scrap related with
other oxidised metals
Tantalum anodes
coated with oxidised
manganese
Niobium Tantalite Nb,Os2-40% | Fe, Mn, Ta Hardmetal scrap
Columbite Nb,Os40 - 75% | Fe, Mn, Ta
Microlite Na, Ca, Ta
Rhenium Molybdenite Mo Platinum-rhenium
catalysts used in the
petroleum industry
Zirconium Zircon® Hf
Hafnium Zircon® Zr
Notes:

! Thelist contains not all possible raw materials, it only provides an overview of the most important material sources.
2 The manganese deposits in Greece and Italy contain |ow-grade minerals and havebeen used only fromtimetotime.
3The vanadium-bearing titanomagnetite deposits are of magmatogenic origin and occur in many parts of the
world [tm 107, Ullmanns 1996]. From the titanomagnetite ore a vanadium slag can be produced, which is the
first source to produce vanadium compounds.
4A copper-molybdenum sul phide concentrate which is used as a secondary ore.
5 The production of tin from cassiterite ore led to atantalum and niobium containing slag, which isamain raw material
source of tantalum and niobium production
6Zirconium and Hafnium sometimes are by-products from heavy sand deposits, which always contain
titanium and other rare earth metals.

Table1.20: Primary and secondary raw materialsfor the production of refractory metals
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1.8.3 Production and consumption

The World European refractory meta production and market is very senstive to the political
and economic situation of the raw materia producing countries. The world consumption of
primary tungsten for instance was strong in 1997 and remained well above world mine
production. An estimated one-third of world supply was from tungsten mineral released from
stockpiles in Russia and Kazakhstan The stockpile releases have maintained an oversupplied
market and have kept the price of primary tungsten below the operating cost of most mines. As
a result, many mines have closed, and world tungsten production capacity has fallen to around
75% of world consumption. Also China continues to be a strong competitor in case of
increasing their refractory metal production. However, due to the advantageous properties of
refractory metals and the growing understanding how to use refractory metals the production
will increase at least on a long-term basis. Future consumption of tungsten cemented carbides
for instance, the largest end-use sector is estimated to increase by more than 5% on the 1998
basis [tm 175, K. B. Shedd USGS 1997]. The world production of chromium metal is presented
in the following table.

Country Production capacity
[t/a]
Brazl 00
China 4000
France /000
Germany 1000
India 500
Japan 1000
Kazakhstan 1000
Russia 13000
United Kingdom 10000
USA 3000

Table1.21: World chromium metal production capacity
[tm 173, J.F. Papp USGS 1997]

1.8.4 Production sites

The production of refractory metals in the European Union is based on a limited number of
companies. Mainly two maor companies for instance produce chromium metal. These are
London and Scandinavian Metalurgical Co Limited who operate a new modern chromium plant
built in 1997, and Delachaux in France who just reported the completion of its chromium meta
plant in VVaenciennes.

The following companies, Kennametal Hertel AG, Widia GmbH and HC Stark GmbH in
Germany, Treibacher Industrie AG and Plansee AG in Austria, Sandvik and Seco Toals in
Sweden and Eurotunsténe Poudres in France [tm 182, ITIA 1999] are producing tungsten metal
powder and carbides in Europe.

The companies nentioned above for the production of tungsten metal powder produce some
other refractory metals. An overview of the worlds largest tantalum and niobium producing
companies and their products is shown in table 1.22. Unfortunately there is no information on
Chinese producers available and therefore missing in the table.
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Country Company Products (N 1)
Austria Tretbacher Chemische Werke AG Nb and Ta oxide/carbide, FeNDb, NIND.
Brazil Cia Braslerade Metalurgiae NDb oxide/meta, FeNDb, NIND.
Mineracao (CBNM
Cia Tndugtnia Fluminense (N 2) Nb and Ta oxide.
Mineracao Catdao de Goias SA. FeNbD.
(Catalao)
Canada Canbior Tnc., and Teck Corp. FeNb.
(Niobec)
Estonia Simet Nb oxide/metd.
Germany: | Gesdlschait Fur Elekirometalurgie FeNDb, NiNb.
mbH (GFE) (N 2) Nb and Ta oxide/metal/carbide, K-sdlt,
H.C. Stark GmbH & Co. KG FeNb, NiNb,
Ta capacitor powder.
Japan Mitsui Mining & Smelting Co. Nb and Ta oxide/metal/carbide.
Showa Cabot Supermeta’s (N 3) Ta capacitor powder.
H.C. Stark-V Tech Lid. (N 4) Ta capacitor powder.
Kazakstan | UlbaMetallurgical Ta oxide/metd.
[rtysh Chemica & Metdlurgica Nb oxide/metd.
Works
Russia Solikamsk Magnesum Works Nb and Ta oxide.
Thailand H.C. Starck (ThaiTand) Co. Lid. (N 4) | K-sdlt, Tametd.
United Cabot Corp. NDb and Ta oxide/metd, K-Sdt, FeNDb,
States NiNb,
Ta capacitor powder.
H.C. Starck Inc. (N 5) Nb and Tameia, Ta capacitor powder.
Kennametd, Tnc. NDb and Ta carbide.
Reading Alloys, Tnc. FeNDb, NiND.
Shidddloy Metdlurgica Corp. (N 2) | FeNb, NiNb.
Wah Chang (N 6) Nb oxide/metal, FeNb, NiNb.
H.C. Starck-T 1T, Inc. (N 4) Ta capacitor powder.
Notes:

(N 1) Nb, niobium; Ta, tantalum; FeNb, ferroniobium; NiNb, nickel niobium; K-salt potassium
fluotantal ate; oxide, pentoxide.
(N 2) A wholly owned subsidiary of Metallurg Inc., New Y ork-.
(N 3) A joint venture between Showa Denko and Cabot Corp.
(N 4) A subsidiary of H.C. Starck GmbH & Co. KG.
(N 5) Jointly owned by Bayer USA and H.C. Starck GmbH & Co. KG.

(N 6) A subsidiary of Allegheny Teledyne Inc.

Table1.22: Principal world producers of niobium and tantalum producers
[tm 172, L.D. Cunnigham USGS 1997]

1.8.5 Environmental issues

The main environmental impact by producing refractory netals is metal containing dust and
hardmetal powder as well as fume from the smelting processes for instance by producing
chromium metal. Dust emissions occur from storage, handling of raw materials and products
and the furnace operation, where both stack and fugitive emissions play an important role.

The use of hydrogen as a reducing agent contains the possible risk fire hazards. Hydrogen
fluoride, which is used in severa processes, is highly toxic and needs therefore to be handled
very carefully to avoid any health problems for the plant staff. Another environmenta impact of
the production of hardmetals is the high radioactive level of some raw materids (eg.
Pyrochlore), and the toxicity of metal compounds such as cobalt and nickel.
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Process residues and by-products are dag, metal containing dudge, filter dust and spent
refractories. These materials are aready recycled and reused to a large extent where it is
possible. Due to the radioactive levels of several raw materials, residues of such metal processes
might be radioactive.

Water emissions are produced from cooling, granulation and other process and site related
effluents. An important issue is the wastewater that is generated by wet cleaning abatement
systems.

The emissions to air, water and soil and therefore the environmental impact is relaively low
compared with other sectors of the non-ferrous metal industry. This is due to the smal
quantities of refractory metals produced and the high value of these metals. This makes it very
importart to collect, filter and recycle as much as possible from an economic point of view.
The treatment of small off-gas volumes is dso less difficult because high performance bag
filters for instance may advantageously be used.
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1.9 Ferro-Alloys

1.9.1 General

Ferro-aloys are master aloys containing some iron and one or more non-ferrous metals as
aloying dements. Ferro-aloys enable aloying elements such as chromium, silicon, manganese,
vanadium, molybdenum etc. to be safely and economicaly introduced into metalurgica
processes, thus giving certain desirable properties to the aloyed metal, for instance to increase
the corrosion resistance, hardness or wear resistance.

Their importance grew with progress of stee metalurgy, which implied more diversified
alloying dements, in better controlled quantities, in purer steel. The ferro-aloy industry became
akey supplier to the stedl industry.

The ferro-dloys are usualy classified in two groups:

Bulk ferro-aloys (ferro-chrome, ferro-silicon together with silicon-metal, ferro-manganese
and silico-manganese), which are produced in large quantities in electric arc furnaces;
Specia ferro-dloys (ferro-titanium, ferro-vanadium, ferro-tungsten, ferro-niobium, ferro-
molybdenum, ferro-boron and ternary/quaternary alloys) which are produced in smaller
quantities, but with growing importance.

Bulk ferro-aloys are used exclusively in steel making and steel or iron foundries. The uses of
specid ferro-aloys are far more varied, and the proportion used in steel making has diminished
over recent years in favour of those used in the auminium and chemical industries, especially
slicon products. The following figures presents the use of ferro-aloys, bulk and specid ferro-
aloys as a breakdown by sector for 1994.

Ferroalloys. Breakdown by sector, 1994

Miscellaneous

1.6% Aluminium

5.3% Iron Foundries

Chemicals
4.1%

2.3%

Steel Production
86.7%

Figure1.9: Useof ferro-alloysin different industrial sectorsin 1994
[tm 36, Panorama 1997]
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Bulk alloys. Breakdown by sector, 1994

Iron Foundries
1.7%

Miscellaneous
0.9%

Steel production
97.4%

Special Alloys. Breakdown by sector, 1994

Miscellaneous
6.4%

Chemicals

Aluminium 16.4%

37.4%

Iron Foundries
18.7%

Steel production
21.1%

Figure1.10: Use of bulk- and special ferro-alloysin different industrial sectorsin 1994
[tm 36, Panorama 1997)

1.9.2 Sources of material

The raw materials (alloying elements) for the production of ferro-alloys are either mined for
themselves (quartzite for silicon, chromite for chrome...) or by-products of another production
(e.g. molybdenite from copper mining). Of course the two sources can exist smultaneoudly.

They can also be recovered from scrap, which is most often the case for the iron share of the
composition, which comes from iron and sted scrap, but aso for the adloying eement itsdlf,
titanium for example. Residues from steel mills like electric arc furnace and converter filter
dust, as well as shot blasting and grinding dust is an important secondary raw materia with
increasing significance. The main raw material sources and mineral deposits for the aloying
dementsare:

Chromite that is concentrated in two big deposits, which are mainly located in South-Africa
and Kazakhstan. Smaller deposits are found in other places in the world, and especidly in
Europe (Finland, Turkey, Albania, Greece);
Raw material to produce ferro-silicon and slicon-metal is available everywhere in the
world, athough not al sources alow the production, under economic and quality
conditions, of al the ranges of silicon dloys,
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Manganese containing ore is mainly found in South Africa, Ukraine, Gabon and Austraia
Smaller occurrences are found in Brazil, India, Mexico and Burma. The quality (content of
manganese and level/nature of the impurities) of the ore can influence greatly the economic
of the ferro-aloy production;

The specid aloying eements are very often concentrated in few countries (molybdenum in
North America, Chile and China, niobium in Brazil) and prices and availability are very
sengitive to economic conditions.

1.9.3 Production and consumption

Over the last 15 to 20 years, the world pattern of the ferro-alloy market has deeply changed:

The consumption of the developing countries has vastly increased with the development of
their stedl production;

Their production has even more increased because they have taken a growing share of the
traditional markets of the industrialised countries, where the steel production was gagnant
or growing a asow rate.

The ferro-dloy industry is facing a growing proportion of imports, at first from the new
industrialised countries and in recent years from the countries of East Europe and the CIS.

As a consequence, EU ferro-dloy production has been submitted to a difficult competition that
results in a decreasing trend of the total amount of ferro-alloys produced. Although the last
years showed some stabilisation, even a dightly increase of the production, the European
industry remains very sensitive. The actua production rate of bulk ferro-aloys in the EU
expressed in tonnes per year is shown in the graphic below and by the table on the next page.
Information’s on the production figures are taken from [tm 180, M. Tenton USGS 1997] and
have been supplied by the ferro-alloy expert group.

Ferroalloys Production by country in volume
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Figure1.11: Production of bulk ferro-alloysin Europe
[tm 36, Panorama 1997]

The tota European production of bulk ferro-adloys split into the different adloys and the
furnaces where they are being produced is seen in the following table. The figures presented
might not give the exact production capacities and should be seen more like an indication
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Production 1993 1994 1995 1996 1997
Austria: Electric furnace:
Ferronickel 1/ 8000 5250 6200 5000 5000
Other e/ 5900 5900 5900 5900 5900
Total 13900 11150 12100 10900 10900
Belgium:Electric furnace, ferromanganese e/ 25000 25000 25000 25000 25000
Finland: Electric furnace, ferrochromium 218370 229000 232300 236100r/ 236652 6/
France:
Blast furnace, ferromanganese 300000 294000 384000 r/ 337000 r/ 326000
Electric furnace:
Ferromanganese 57000 66200 46000 r/ 65000 r/ 60000
Ferrosilicon 84000 111000 108000 130000 r/e/ 130000
Siliconmanganese e/ 2/ 80000 66000 r/ 71000 r/ 61000 r/ 66000
Silicon metal 59000 66000 71450 r/ 73800 r/ 74000
Other e/ 29000 20000 20000 20000 20000
Total e/ 609000 623000 r/ 664000 r/ 687000 r/ 676000
Germany: e
Blast furnace, ferromanganese 3/ 100000 -- -- -- --
Electric furnace:
Ferrochromium 16400 6/ 17283 6/ 21665 r/6/ 25303 r/6/ 25856 6/
Ferromanganese 4/ 20000 20000 20000 20000 20000
Ferrosilicon 20000 20000 20000 20000 20000
Silicon metal 500 500 500 500 500
Other 5/ 30000 30000 30000 30000 30000
Total 187000 87800 92200 r/ 95800 r/ 96400
Greece
Ferronickel 10930 16190 17170 17800 17610
Iceland: Electric furnace, ferrosilicon 67375 66003 71410 70520 r/ 71000
Italy: Electric furnace: e/
Ferrochromium 53504 6/ 22650 6/ 51017 6/ 29915 6/ 11295 6/
Ferromanganese 17000 16000 20216 r/6/ 25143 r/6/ 16000
Siliconmanganese 50000 40000 103961 r/6/ | 100353 r/6/ 100000
Silicon metal 10000 -- 10000 r/ 14000 r/ 15000
Other 6/ 12000 12000 12000 10000 10000
Total 143000 90700 197000 r/ 179000 r/ 152000
Norway: Electric furnace:
Ferrochromium 80000 120000 148000 r/ 108900 r/ 145124 6/
Ferromanganese 226018 248648 213000 r/ 215000 r/ 215000
Ferrosilicon 399559 452984 474875 r/ 462423 r/ 470000
Silicomanganese 218566 197328 210000 r/e/ | 210000 r/e/ 210000
Silicon metal 81000 92000 101000 110000 e/ 110000
Other e/ 2/ 14000 14000 15000 15000 15000
Total ef 1020000 1120000 1160000 r/ 1120000 1170000
Spain: Electric furnace: e/
Ferrochromium 2390 6/ 2300 6/ 1320 6/ 805 6/ 490 6/
Ferromanganese 40000 35000 25000 30000 r/ 35000
Ferrosilicon 30000 25000 30000 30000 30000
Silicomanganese 35000 35000 50000 70000 r/ 100000
Silicon metal 5000 3000 5000 5000 15000
Other e/ 10/ 5000 4000 5000 5000 5000
Total ef 117000 104000 116000 141000 r/ 185000
Sweden: Electric furnace
Ferrochromium 127543 134076 130170 138110 101842 6/
Ferrosilicon 20381 21392 21970 21287 r/ 22000
Total 147924 155468 152140 159397 r/ 124000
Switzerland: Electric furnace
Ferrosilicon 3000 -- -- -- --
Silicon metal 2000 -- -- -- --
Total 5000 -- -- -- --
United Kingdom:
Blast furnace, ferromanganese 45000 -- -- -- --
Electric furnace, other e/ 10000 -- -- -- --
Total e/ 55000

Notes: ef estimated; r/ revised; 1/ Reported figure; 2/ Includes silicospiegeleisen, if any. 3/ Includes spiegeleisen, if any; 4/
Includes silicomanganese, if any; 5/ Includes ferrochromiumsilicon and ferronickel, if any; 6/ Series excludes cal cium-dlicon.

Table 1.23: European production of bulk ferro-alloysin tonnes per year

[tm 180, M. Tenton USGS 1997]
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The total world woduction capacity of bulk ferro-aloys split into the different aloys and the
furnaces where they are being produced is seen in the following table. The figures presented
might not give the exact production capacities and should be seen more like an indication.

Furnacetype, 1/2/ and alloy type 3/ 1993 1994 1995 1996 1997 e/
Grand total: 15700000 r/ 16300000 r/ 17700000 r/ 17900000 r/ 17600000
Of which:
Blast furnace:
Ferromanganese 4/ 1210000 1010000 874000 r/ 927000 r/ 871000
Spiegeleisen 5/ 12000 10000 9500 9500 9500
Other 28/ 225000 230000 230000 220000 220000
Total, blast furnace 1450000 1250000 1110000 r/ 1160000 r/ 1100000
Electric arc furnace:
Ferrochromium 6/ 3270000 r/ 3530000 r/ 4550000 r/ 4010000 r/ 4470000
Ferrochromiumsilicon 62500 89500 90700 52200 50000
Ferromanganese 7/ 8/ 2320000 2770000 r/ 2780000 r/ 3050000 r/ 2900000
Ferronickel 755000 r/ 772000 r/ 964000 r/ 923000 r/ 913000
Ferrosilicon 4010000 r/ 3830000 r/ 4070000 r/ 4370000 r/ 4130000
Silicomanganese 8/ 9/ 2740000 r/ 2850000 r/ 3010000 r/ 3110000 r/ 3000000
Silicon metal 564000 559000 588000 r/ 649000 r/ 662000
Other 10/ 575000 r/ 635000 r/ 589000 r/ 589000 r/ 383000
Total, electric furnace 14300000 r/ 15000000 16600000 r/ 16700000 r/ 16500000

Notes:

(tonnes, gross weight). e Estimated. r/ Revised.

1/ Production of manganese ferroalloys, ferrosilicon, and silicon metal began in 1996 for Saudi Arabia, but data for actual
production were not available.

2/ To the extent possible, ferroalloy production of each country has been separated according to the furnace type from which
production is obtained; production derived from metallo-thermic operation is included with electric furnace production.

3/ To the extent possible, ferroalloy production of each country has been separated to show the following individual major types of
ferroaloys: ferrochromium, ferrochromiumsilicon, ferromanganese, ferronickel, ferrosilicon, silicomanganese, silicon metal, and
spiegeteisen. Ferroalloys other than those listed that have been identified specifically in sources, as well as those ferroalloys not
identified specifically, but which definitely exclude those listed previoudly in this footnote, have been reported as " Other." Where
one or more of theindividual ferroalloys listed separately in this footnote have been inseparable from other ferroalloys owing to a
nation's reporting system, deviations are indicated by individual footnotes.

4/ Spiegeleisen, if any, for Germany is included with blast furnace ferromanganese.

5 Includes ferrophosphorus and data contained in "Blast furnace: Other."

6/ Ferrochromium includes ferrochromiumsilicon, if any, for Japan, South Africa, and the United States.

7/ Ferromanganese includes silicomanganese, if any, for countries carrying footnote 12 on "Ferromanganese” dataline. 31/ U.S.
production under "Other."

8/ Includes silicospiegeleisen, if any, for France.

9/ Includes calcium-silicon, ferromolybdenum, ferrovanadium, and data contained in "Electric furnace:

10/ Other for each country indicated.

Table1.24: World production of bulk ferro-alloys
[tm 180, M. Tenton USGS 1997]

Due to the technica and metalurgica developments and changes in the iron and sted
production aso the consumption pattern of ferro-aloys has changed, especidly in the
industrialised countries:

A stagnant carbon steel production is increasingly produced in eectric arc furnaces from
scrap, which alow recovery of the aloying dements, reducing the relative consumption of
ferro-dloys,

A more efficient carbon steel production (continuous casting, for example) and a more
advanced metalurgy led to a significant drop of the specific consumption of manganese
(from 7 kg/tonne of stedl, to 5 kg/tonne in 20 years) and of ferro-silicon (from 5 kg/tonne of
stedl, to 3.5 kg/tonne in 20 years).

A growing need for medlurgically sophisticated dloying eements (niobium,
molybdenum), and for treatment elements (calcium), led to an increased consumption of
specia dloys,

An increasing production of stainless steel led to a significant increase of the consumption
of chromium aloys (mainly high carbon ferro-chrome).
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All taken into account, Western Europe consumption, has been more or less staghant, around
4.2 millions tonneslyear, and its production went down from 4 millions tonnes to 3 millions
tonnes over the last 10 years.

1.9.4 Production sites

There are a number of companies producing different ferro-dloys in about 60 industrial
production sites in Europe. The largest European ferrc-alloy producing countries are Norway
for the production of bulk ferro-aloys and France and Spain especiadly for the production of
manganese- and slicon-aloys. Finland is a magjor producer of ferro-chrome from aloca chrome
ore mine. In Sweden mainly ferro-chrome and ferro-silicon is produced. Specid ferro-aloys
like ferro-molybdenum, ferro-vanadium and ferro-titanium are produced in the UK, in Belgium,
Austriaand Germany.

1.9.5 Environmental issues

Production of ferro-aloys generaly involves the use of eectric arc furnaces and reaction
crucibles into which natura products (e.g. quartz, lime, various ores, wood etc.) with relatively
fluctuating physica compostions are loaded. Due to this, the main environmenta impact by
producing ferro-aloys is the emisson of dust and fume from the smelting processes. Dust
emissions occur as well from storage, handling and the pre-treatment of raw materials where
fugitive dust emissions play an important role. Depending on the raw material and the process
used other emissions to ar are SO,, NOx, CO-gas CO,, polycyclic aromatic hydrocarbon
(PAH), VOCs, and volatile metds. The formation of dioxins in the combustion zone and in the
cooling part of the off-gas treatment system (de-novo synthesis) may be possible.

Process residues and by-products with a significant amount is dag, filter dust and dudge and
spent refractories. These materials are already recycled and reused to a large extent where it is
possible. Rich dag, that means dag with a relatively high proportion of meta oxides, is used as
raw material in other ferro-aloy productions. For instance rich dag from the production of
ferroomanganese is one of the most important raw materials for the production of slico-
manganese.

Water emissions are produced from cooling, granulation and other processes and Site related
effluents. The wastewater generated by awet cleaning abatement system plays a so an important
role.

The ferro-dloys industry, whose basic tool is an electric arc furnace in which metal oxides are
reduced by carbon, is a mgor consumer of energy and a producer of carbon dioxide (CO,). It
has therefore, aways regarded reduction of energy consumption as a vital priority. The laws of
thermodynamics, which govern the reactions used, limit the reduction of energy necessary for
the smdlting process. The reduction of the overall energy consumption is therefore in most cases
only possible by using an efficient energy recovery system. The recovered energy can be
transferred into electrical energy or used as heat for various purposes. CO-rich off-gas from
closed furnaces can as well be used as secondary fuel or raw materia for chemical processes.
The recovery of energy reduces the use of other natural energy resources and therefore the
impact of globa warming.
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1.10 Alkali and Alkaline Earth Metals

1.10.1 General

Alkali metas, which belong chemically to the first group of the periodic table of the elements
includes metads such as lithium, sodium, potassum, as well as the extremely rare radioactive
substance - francium. Alkali metals are characterised by their low melting point and density.
They have a silvery-white colour and are softer than other metals. Alkali metals have only one
sngle, highly mobile eectron in the outermost shell. Due to this fact akai metas are highly
reactive especialy with oxygen or water where they also can react violently by producing
gaseous hydrogen and heat.

Alkdine-earth metals resemble akali metals in severa ways but they react less vigoroudy with
water. Alkaline metals are elements in the second group of the periodic table. In order of their
increesing aomic number and their metalurgicd and technica importance, they are
magnesium, calcium and strontium.

1.10.2 Sources of materials

Sodium as sodium compounds and meta are widely used in industry for manufacturing of
chemicals and pharmaceuticals, in metalurgical processes and a variety of other everyday
products. Sodium meta is commonly produced by the electrolysis of fused sodium chloride.

Lithium meta is produced in a very similar way to sodium metal. The production occurs by the
electrolysis of a molten eutectic mixture of lithium chloride and potassum chloride at about 450
°C in aDowns cell.

Potassium, which was discovered in 1807 by the English chemist Humphry Davy occurs in
many silicate rocks and mineras, where the mgjor commercial source is salt deposits. Potassium
metd is slvery-white in colour and was the first metal to be isolated by electrolysis. On
industrial scale potassum meta will only be produced by the reduction of potassum chloride
with sodium metal.

Like potassum, Humphry Davy discovered magnesium as a metalic element in 1808. It is a
silvery—white ductile chemicaly active metd that depends to the group of akaline metals.
Magnesium can be produced either by dectrolysis of magnesium chloride based on raw material
as dolomite and sea water, magnesite, carndite or brines or from dolomite that will be reduced
by ferro-slicon and/or aduminium in a therma reduction process. Magnesium will aso be
recovered and produced as secondary magnesium from a wide range of magnesium containing
residues and metallic magnesium scrap.

The mgority of magnesum is used in duminium dloying, while the fastest rate of growth is
experienced in the use of magnesium aloys in die casting of parts for use wherever the light
weight is of importance, e.g. in the automotive industry. Another large area of application is
stedl desulphurisation using magnesium powder The increasing use of secondary magnesium
resdues for steel desulphurisation is reducing the growth in the production of primary
magnesium powder. The world use of magnesium metal in the different markets is shown below
[tm L,HMIP 1993
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Figure1.12: World use of magnesium metal

Calcium and strontium meta are used for a variety of purposes. Cacium as an dloying element
improves the quaity of steels especially the mechanica properties like formability, drawing and
machinability. Because of its strong ability to form oxides and sulphites calcium is important in
the production of ultraclean stedl. Calcium metal may also be used for lead de-bismuthation.
Strontium metal is needed in duminium refining as well as for the rafination of steel dag.

1.10.3 Production and consumption

The production of dkdi- and dkaline metas especidly for the production of sodium, lithium,
calcium and strontium metal is related to only a few companies. The world capacity for primary
magnesium productions in the order of about 400000 tonnes per year, where the European
production is about 57000 tonnes per year. The following tables gives an overview about the
primary magnesium production capacity and the world wide produced amounts of primary and
secondary magnesium by country [tm 189, D. Kramer, USGS 1997].
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Continent and country Capacity Number of
producers
North America:
Canada 49000 2
United States 80000 2
Europe:
France 17000 1
Kazakhstan (N 3) 10000 1
Norway 35000 1
Russia (N 3) 45000 2
Serbia and Montenegro 5000 T
Ukraine (N 3) 24000 1
Others
China ~I50000 - 200000 ~200
India 900 1
Brazl 10000 1
[ srael 27500 1
World total (N 1,2) 203400 ~215
Notes:
N 1llncludes capacity at operating plants, as well as at plants on standby basis.
N-2Data are rounded to three significant digits; may not add to totals shown.
N 3 Excluding magnesium production capacity that is used exclusively for titanium production.

Table1.25: World primary magnesium production capacity by country
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Country 1993 1994 1995 1996 1997 e/
Primary production:
Brazil ef 9700 9700 9700 9000 9000
Canada ¢ 23000 28900 48100 54000 57700
China e/ 11800 24000 95000 731001/ 92000
France 10082 12280 14450 14000 ¢ 12000
I srael - -- - - 8000
Japan 471 A2 - -- --3/
Kazakstan e/ 2000 -3 9000 r7 9000 17 89723
Norway 27300 27635 28000 & 280007 ¢ | 28000
Russia ef 4/ <0000 35400 o/o00 30000 39000
Serbia and | - €/ - 2560 2500 & 2500
Montenegro
Ukraine e/ 14900 12000 10000 1/ 10000 17 10000
United States 132000 | 128000 142000 133000 125000 3/
Total 209000 | 282000 395000 r/ 368000 r/ 392000
Secondary production:
Brazil e/ 1600 1600 1600 1600 1600
Japan 13215 19009 11767 21243 1] 22797 3/
USSR e/ 5/ 0000 o000 0000 0000 n.a
United Kingdom e/ 6/ | 1000 1000 1000 1000 1000
United States 58900 62100 65100 70200 17 80200 ¥
Total aU/00 oo/ SS00) 100000 17 106000
Notes:
1/ World totals and estimated data are rounded to three significant digits; may not add to totals shown.
2/ Tableincludes data available through July 22, 1998.
3/ Reported figure.
4/ Includes secondary.
5/ Dissolved in December. 1991; however, information is inadequate to formulate reliable estimates for
individual countries of the former USSR.
6/ Includesalloys.
r/  revised
e/ estimated

Table 1.26: Produced amounts of primary and secondary magnesium in tonnes per year

1.10.4 Production sites

There are only a few production sites of sodium, lithium and potassum within the European
Union. Sodium meta is produced by Associated Octel, a company located in the United
Kingdom and a company who operates a sodium production in France. For the production of
primary magnesium there are two companies in Europe. Hydro magnesium (NHM) operates an
eectrolytic magnesium plant in Porsgrunn, Norway, based on dolomite and seawater as raw
material. Pechiney Electrométallurgie (PEM) operates a thermal reduction plant in Marignac in
France, based on the Magnetherme process being a Pechiney developed process. There are some
mostly smaller companies within the European Union producing secondary magnesium. In the
European Union only one plant each produces calcium and strontium metal. Both plants are
operated by Pechiney Electrométalurgie (PEM) in its factory at La Roche de Rame in France.

1.10.5 Environmental issues

The main environmental input by producing akdi and adkaine metads are air and water
emissions. The generation of air emissions is due to dusty nature of some processes and unit
operations that are used in the akai and akaine metd production. For instance unloading,
crushing and calcining of raw materias are related to the generation of dust. Another main
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environmental issue is the emission of chlorine and chlorine related compounds like chlorinated
hydrocarbons and dioxins. Chlorinated hydrocarbons and dioxin are mainly emitted in the
chlorination process that is used in the eectrolysis of magnesium. These pollutants need to be
removed from the off-gas, which can be done by using a wet-cleaning system. This
consequently results in pollulated washing water that itself needs an efficient wastewater
treatment. Emissions to water are also be produced be washing the filter cake from a sodium
process. To prevent the magnesium metal from re-oxidation by the surrounding air, sulphur-
hexafluoride (SF;) is used in the casting equipment, where it is also emitted to the atmosphere.
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1.11 Nickel and Cobalt

1.11.1 Nickel
1.11.1.1 General

Nickel [tm 36, Panorama 1997; tm 94, Nickd Expert Group 1998] is a silver white meta with
typicd metalic properties. Although it was only discovered as a metd in 1751 its aloys have
been used for severa centuries eg. the Chinese had been making "white copper” which
resembled silver in appearance. Between 1870 - 1880, nickd's use in aloy stedls was
demonstrated and electrolytic nickel plating was successfully devel oped.

The great importance of nicke liesin its ability, when aloyed with other elements, to increase a
metal's strength, toughness and corrosion resistance over a wide temperature range. Nickel is
therefore an extremely important commercial dement. Given these beneficia properties, nickel
isused in a wide variety of products. Most primary nickd is used in aloys; the most important
of which is stainless steel. Other uses include electroplating, foundries, cataysts, batteries,
coinage, and other miscellaneous applications. Nickel is found in transportation products,
electronic equipment, chemicals, construction materials, petroleum products, aerospace
equipment, durable consumer goods, paints and ceramics. Nickd is a vitd metd to
industrialised societies.

Chemicdly, nickd resembles iron and cobalt, as well as copper. Nicke can form severa
compounds e.g. sulphate, chloride, oxide, and hydroxide. One property of nickd is its ability to
react directly with carbon monoxide to form a binary carbonyl complex that is volatile at
ambient temperatures. At moderate temperatures nickel is corrosion resistant against air,
seawater, and non-oxidising acids. Another property of nickel is its corroson resistance to
akalis. In contrast, nicke is attacked by aqueous ammonia solutions.

1.11.1.2 Sources of materials

Nickd is a naturaly occurring element that exists in nature mainly in the form of sulphide,
oxide, and silicate minerals. The deposits are of two main types: -

Nickel sulphides often occur together with economicaly recoverable amounts of copper,
cobalt, gold, silver, platinum group metals and severd other metals. The most important
occurrences are in Africa, Australia, Canada and Siberia.

Nickel laterites are products of weathering of ultra-basic rocks that originaly contained
very small amounts of nickel. Over time impurities were washed out of the deposits and
nickel is present as a complex oxide of slicon, iron and magnesum. Cobat and iron are
commonly associated with nickel, but laterites do not contain other valuable congtituents.
The most important occurrences are in the tropical areas in Southeast Asia, Australia,
South-America, Caribbean Ocean and the Balkans area especially Greece, which is the only
source of nickel ore in Europe at the time of writing.

The complex metallurgy of nickd is reflected in the wide range of extraction and refining
processes in operation. Every plant presents a unique set of process features and environmental
issues. The nickel content of sulphide ores usualy can be concentrated several times by
relatively economical ore dressing techniques before the concentrate is smelted and refined to
nickel products.

Laterite ores, in contrast, are amenable to only limited benefication by physicad methods e.g.
magnetic or heavy media techniques, and therefore amost the entire volume of ore must go
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directly to metalurgica plants. Thus, laterite processing tends to be more cost intensive, but
mining costs are usualy much lower than for sulphide ores.

These differences, plus the availability of by-product vaue, can have an important influence on
the viability of a specific deposit and whether refined metal or ferro-nicke is produced fromit.

1.11.1.3 Production and consumption

Nickel products can be divided into three groups based in the Industry classification that is
recognised internationaly:

Class | - Refined nickel, nickel content 99% or more. The group includes eectrolytic nicke,
pellets, briquettes, granules, rondelles and powder/flakes.

Class Il - Charge nickel, nickel content less than 99%. The group includes ferro-nicke, nickel
oxide sinter and utility nickel.

Class |11 - Chemicas - nickel oxides, sulphate, chloride, carbonate, acetate and hydroxide, etc

The world production of nickel remained below 1000 tonnes per year until 1876; currently it is
gpproximately 1 million tonnes per year. The world's primary nickel production in 1996 was
approx. 950000 tonnes and the production capacity approx. 1200000 tonnes. In Europe the
production capacity is approximately 200000 tonnes and the consumption is approximately
330000 tonnes therefore Ni is imported.

Others

Foundry 6%

4%

Alloy Steel
5%

Plating
8%

Non-Ferrous
Alloys
11% Stainless Steel

66%

Figure1.13: Western World uses of Ni in 1996

Western World nickel consumption increased by an average of 6.5% per annum from 1945 to
1974. Consumption dropped sharply in 1975, and the demand for nickel remained flat for the
next ten years. Western-world nickel consumption increased respectively in 1987. The new
recovery of nickel demand started in 1993 growing about 15% in 1995 in is continuing today.
The world's nickel consumption in 1996 was approx. 940000 tonnes and demand is expected to
remain strong.
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1.11.1.4 Production sites

Nickel is produced in Europe at the following sites.

Producer Sour ce of Raw Production By Products
Material Capacity t/aNi
Outokumpu, Finland, Norway and 30000 Cu, Co Sulphuric
Finland Audrdia Acid
Eramet, France New Caedonia 16000 Cobdt Chioride,
Ferric Chloride.
Falconbridge, Canada & Botswana 85000 Cu, Co, Sulphuric
Norway Acid
INCO, UK Canada 41000 (N1 powder | Nickd Sulphate
and pellets)

Trelbacher, Austria | Secondary 4000 FeNi is produced
Larco, Greece Greece 20000 FeNI is produced
Total 202000

Table1.27: Nickel production sites

The actua production in total from the above sites was 167900 tonnes for 1996 compared to

144800 tonnes for 1994.
Larco, Greece
10% Outokumpu,
Finland
Treibacher, 18%
Austria
2%
Eramet, France
8%

INCO, UK

20%

Falconbridge,

Norway
42%

Figure 1.14: European nickel production

1.11.1.5 Environmental issues

The emission of sulphur dioxide to air from the roasting and smelting of sulphide concentrates
is a potentially serious environmental issue. This problem has been effectively solved by the
EU smelters who now achieve on average 98.9% fixation of the sulphur and produce sulphuric
acid and liquid sulphur dioxide. Fugitive emissions of dust, metals and solvents are dso an
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issue and need to be prevented and controlled. The use of chlorine in some processes is coupled
with robust leak prevention measures and alarms.

The main environmental issues associated with the production of secondary nickel are aso
related to the off gases from the various furnaces in use. These gases are cleaned in fabric
filters and so can reduce the emissions of dust and metal compounds such aslead. Thereisaso
the potentia for the formation of dioxins due to the presence of smal amounts of chlorine in the
secondary raw materials and the destruction of dioxinsis an issue that is being pursued.

The status of some nickel compounds has a significant impact on the assessment of emissions
and nickd is listed in the Directive 76/464 Dangerous Substances Directive for Water in List 11.
A technicad working group under Directive 96/62/EC Air Quality Assessment and Management
is developing an environmental air quality standard for nickel. On the other hand, nickel has
shown to be an essential element in certain micro-organisms, animals, and plants.

Nickel is a sustainable commodity. Stainless steel and other nickel bearing aloys are the
primary sources of secondary nickel. It is estimated that around 80 per cent of the nickel is
recycled from new and old stainless stedl scrap and returns to that end use. Other nickel bearing
materials such as precipitates and residues are recycled to primary production.

In many applications, nickel aloys are essential and cannot be subgtituted with other materials.
The use of nickd in applications where its properties of strength, corrosion resistance, high
conductivity, magnetic characteristics, and catalytic properties are exploited is seen as a positive
environmental benefit. Similarly the use of nickel in rechargeable batteries is aso of
environmental benefit.
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1.11.2 Cobalt
1.11.2.1 General

Cobalt [tm 36, RPanorama 1997; tm 94, Nickel Expert Group 1998] is a silver white metal with
typica metalic properties, it was first isolated in 1735. Pure metalic cobalt has few
applications, but its use as an aloying element for heat or wear resistant applications and as a
source of chemicals makesiit a strategically important metal.

Although very little cobalt metal was used until the 20" century, its ores have been used for
thousands of years as blue colouring agents for glass and pottery eg. on Egyptian pottery
around 2600 BC and on Chinese pottery around 700 AD for instance. The use of cobdt as
metal dates from 1907 when E. Haynes patented a series of cobalt-chromium aloys named
Stellites that were the forerunners of modern super aloys. Its ability to enhance the properties of
permanent magnets was shown in 1930.

Cobalt is used in aloys including super aloys for arcraft engines, magnetic aloys for powerful
permanent magnets, hard metal aloys for cutting tool materias, cemented carbides, wear- or
corrosion resistant aloys, and electro-deposited aloys to provide wear and corrosion resistant
metal coatings. Its use in rechargeable batteries has been a fast growing application over the
last few years.

Cobalt chemicals are used in rechargeable batteries; as pigments in the glass, ceramics and paint
industries; as catalysts in the petroleum industry; as paint dryers; and as trace metd additives for
agricultural and medical use.

1.11.2.2 Sources of materials

From the beginning of the 20" century the world's main supply of cobalt moved from Europe to
Africa, Audtralia, Russia and Canada. Production today is around 30000 t/a.

Cobdlt is produced mainly as a by-product of the mining and processing of copper and nickel
ores. Silver, gold, lead and zinc ores may aso contain considerable amounts of cobalt, their
processing does not always lead to recovery. The sources of ores are: -

the copper-cobalt deposits in Congo and Zambia
the nickel sulphide ore bodiesin Austrdia, Canada, Finland and Russia
the nicke oxide ore bodiesin Cuba, New Caledonia, Australia and Russia

Recovery from secondary sources can occur through introduction of the recycled material at an
appropriate stage in a primary refining or transformation process, depending on its technical and
economical capabilities.  Additiond or pre-treatment steps may be necessary. The fina
products can be cathodes, powders, oxides, salts or solutions.

1.11.2.3 Production and consumption

Primary cobalt always occurs associated with other metals, particularly copper and nickel, and
these usually are predominant. Depending on the feed material severa processes have been
developed which can involve pyrometdlurgica as well as hydrometallurgica steps. These
steps produce either: -

acobalt-rich solution in integrated plants
a cobdt-rich sulphide, hydroxide or carbonate if further refining is done elsewhere
acobalt-rich dloy.
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Further refining is hydrometallurgical, athough the fina stage, the production of a commercial
product, can be a high temperature process; especially when the product is a powder and the
refining activity integrated in the transformation process. Worldwide production capacity is
approximately 30000 tonnes.

Cobalt is used for variety purposes and these are shown in the following table.

Uses Breakdown of thetotal
cobalt production
Alloys A%
Ceramics 2%
Hard meta 11%
Magnets 10%
Catdyss 8%
Cutting todls 6%
Batteries 6%
Magnetic tapes 2%
Others 9%

Table 1.28: Breakdown of thetotal cobalt production to the different sectors of use

Demand for cobat in the western world is around 25000 t/year, Europe accounts for
approximately 25% of this. The use of cobalt in batteries is a growth area and this requires
cobalt meta, oxide ar hydroxide powder, the morphology of the powder is an important factor.

1.11.2.4 Production sites

Cobalt and cobalt compounds are mainly produced at the same sites that produce nickel. The
dtes are shown in table 1.27 (under nickel). Additionadly Union Miniere in Belgium aso
produces cobalt.

The Worldwide production is shown in the following figure.

Cobalt refined production 1996

China Finland
Russia 4% 15%
14%

France
1%

Norway
11%

Canada (2)
13%

South Africa
3%

Japan
1%

Congo (1)
Zambia 21%
(1) incl. Belgium 17%

total 28500 tonnes
(2) incl. UK

Figure 1.15: Worldwide cobalt production
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1.11.2.5 Environmental issues

The status of some cobalt compounds has a significant impact on the assessment of emissions
and cobdlt is listed in the Directive 76/464 Dangerous Substances Directive for Water in List 1.
There are potential dust and metals emissions from grinding operations, and to a lesser extent
from the hydrometallurgical operations, chlorine in eectro-winning and VOC's in solvent
extraction; metals in the effluents of hydrometalurgica purification and recovery operations;
solid waste from purification and effluent treatment. The industry uses avariety of techniquesto
recover and produce cobalt depending on the raw materials and end products mix essentialy,
and the actual occurrence and significance of these issuesis therefore site specific.

The use of cobalt in rechargeable batteries is an environmenta benefit.
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1.12 Carbon and Graphite

1.12.1 General

Thereisavast range of carbon and graphite products that are in use at the time of writing. They
range from large electrodes to small bushes and bearings. Other specialist products such as
carbon fibres and carbon composites are also made for high technology industries that require
the very high strength and low weight of these materials.

Carbon exigts in three forms, diamonds, graphite and amorphous carbon. The difference
between the dlotropes is essertidly the structure of the carbon atoms and the structure
determines the properties of the resulting material. Carbon and graphite products are applied in
multiple applications because they can be designed to have specific strength, toughness,
electrical and mechanica properties and especialy highly purity and chemical resistance under
oxygen free conditions etc., to meet the requirements of particular applications [tm 207, TGI
1999.

Carbon and graphite materids are mainly applied for the conduction of electrica power
(cathodes and graphite eectrodes) and as chemica reducing agent in the auminium industry
(anodes).

Carbon and graphite products can basically divided into for product groups.

Green mix and paste Manly used in the duminium-, ferro dloyss and
for blast furnaces in the steel industry.

Anodes Mostly used in the auminium industry as reducing
chemical agent.

Carbon and graphite Mostly used for recycling of sed in the ac sed

furnace and as cathodes as not consumed electrode
in the duminium industry.

Specidity carbon & graphite A wide range of products ranging from very high
purity to very high mechanica strength and thermal
resistance

The application of carbon specidities can roughly divided into

high purity carbon and graphite

highly mechanical and thermal applications
engineered products like carbon and graphite fibres,
graphite foils and process equipment

Carbon or graphite anodes and furnace linings are produced for a variety of ferrous and non-
ferrous metal production processes and are consumed during the production of the metals.

More than 2000 other products of varying sizes, shapes and properties are produced for other
gpplications. Carbon and high purity graphite materials are essentia for the production of semi-
conductors and microchips, graphite electrodes for the recycling of stedl scrap and highly
chemical resistant carbon and graphite are used for the recovery of residuals and the treatment
of pollutants.

1.12.2 Sources of materials

The production of carbon and graphite materials are mainly based on petroleum coke and coal
and a highly annealed coke based on coa tar. Petroleum pitch and coa tar-pitch are used as a
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binder materid, which is finaly converted to inert solid carbon or graphite. Resin based binder
systems are used, which are cured before application.

The qudity of coke varies depending on the source but the most important factor is the sulphur
content of the coke as this will be emitted as sulphur dioxide diring manufacture or use.
Normally petroleum based cokes of a low or medium sulphur content are used for the major
product like paste, anodes and electrodes.

The properties of the raw materias have to be very constant and are controlled by physical and
chemical tests. New raw materials are tested in production trials to check their suitability and to
adjust the production parameters to the new material. The fina quality of raw materiasis only
based on the performance and acceptance of the manufactured carbon and graphite product.

Other materias are used in the production of specialist carbons and include metal and meta
powders and a variety of resins.

1.12.3 Production and consumption

Coke or carbon is usually bound with pitch (14 to 18% by weight) © produce a green paste.
This paste then undergoes a number of shaping, baking, impregnation and graphitising stages to
produce the final product. Green paste is also used directly for Salerberg electrodes. The
baking process results in a loss in weight of ~ 5% of the mass of the material. Packing coke is
used in certain furnaces and in these cases is consumed at the rate of ~14 kg/t of product.

Carbon and graphite are mostly consumed during their application and converted into carbon
dioxide (i.e. anodes for duminium and steel electrodes). Steel production consumes electrodes
a the rate 1.5 to 3 kg per tonne of sted. Due to the significant reduction of the consumption
rates in some industries, the quantities of carbon and graphite used for the production of
aluminium and steel has been reduced.

The processing stage and size of the process varies according to the product. The auminium
industry is by far the largest user of carbon materials as pre-bake anodes, Salerberg paste and
cathode blocks. Generally the specialist graphite products are smaller in scale than electrode
producers. The following table shows the size of the various production aress.

Product type Production
t/a
Green mix for Sederberg electrodes or 410000
paste.
Anodesfor primary Al. 1380000
Electrodes. 4720000
Speciality carbon and graphite. 25000

Table1.29: Annual production of carbon and graphitein EU and Norway
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1.12.4 Production sites

Carbon and graphite products are made at 88 sites in EU with an annua capacity of ~ 2 million

tonnes.
Country Green mix | Anodes | Electrodes, large Carbon &
pate shapes graphite
specialities
Austria 15(1) 0.2(1)
Belgium 18(D)
Denmark
Finland
France 214(7) 62(2) 16(3)
Germany 450(4) 1T7(3) 6.2(4)
Greece 77(2) 81
Ireland
[taly 851D 8902 0.2(0)
L uxembourg
Netherlands 17902
Portugal
Spain 81(D) 100(0) 52(2)
Sweden 37D 1300 A
UK 7D 148(3) 11(0) 2.2(D)
Iceland
Norway 221(3) 162(2)
Switzerland
Notes:
The number in brackets presents the number of producersin the EU

Table1.30: E U Production of carbon & graphitein 1000's of tonnesin 1998

The following figure shows the distribution of the Industry throughout Europe.
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Green Mix / Paste 410 Kt/a
Anoden for Al 1380 Kt/a
Elektroden (I.s.) 420 Kt/a
Spec. Carbon (s.s.)| 25 Kt/a

Figure 1.16: European production stesfor carbon and graphite

There is a strong tendency to close on-site anode production and to switch to an off site supply.
Some of the larger on-site producers with capacities up to 150000 t/a supply aso smdler
primary aluminium smelters with anodes. The biggest carbon producing plant in Europe and
probably in the world is located in Netherlands with a production capacity of 340000 t/a and
will be extended to 375000 t/a. Nevertheless the mgjor quantities of anodes is still produced in
nUMerous on-site units.

A few companies only produce cathodes due to the fact that there is a very high life time cycle
demanded by the auminium industry. The life cycle of a cathode block ranges from 6 to 10
years. The properties have to guarantee a very good performance in respect of lifetime,
electrical resistance and abrasion.

1.12.5 Environmental issues

The main environmental impact of these processes is the impact of emissions to air of tars and
PAHSs, sulphur dioxide from coke and fuels and VOCs from impregnating agents. A variety of
new abatement processes have been developed to destroy tars and PAHs using novel after-
burning systems.

The main environmental issue for the production of carbon and graphite is the use of poly-
aromatic, complex mixtures of binder and impregnation pitches.

The pitches release poly-nuclear hydrocarbon compounds while being carbonised.
Benz(a)pyrene is used as an guideline substances to monitor the character of the emissions.

58



Chapter 1

Emissions occur during the storage of pitch, mixing and shaping, while carbonising in the
baking furnaces and during impregnation.

If cokes with increased sulphur content or sulphur additives are used during the production of
carbon speciality products sulphur dioxide might be formed and released.

Dust or particulate emissons are potentialy significant. Fine-grained materias are normally
not used for paste, anode and electrode production, but are for other products.

The progress in the applied techniques to control the impact on the environment has been
sgnificant.

Water pollution isin general a minor issue of the carbon industry, production processes are dry
and generaly e contained cooling water systems. Exceptionally, surface water for cooling
may be used where it is suitable due to local conditions.

Most successfully are the efforts of the carbon and graphite industry in recycling carbon
materials (used and unused) and to open new fields of applications of these materials, replacing
other natural sources.
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2 COMMON PROCESSES AND EQUIPMENT

2.1 Organisation of the chapter

There are many processes, variations in equipment and techniques that are used for the
production of non-ferrous metals. These processes and variations need to be treated in alogica
manner to alow the information to be presented clearly. Many of the techniques and individual
stages of the production processes are common for most of the non-ferrous metal's produced and
these common stages can be described together to avoid too much repetition. These common
stages can be divided asfollows: -

Management, design and training;

Receipt, storage and handling of raw materials,

Pre-processing and pre-treatment of raw materials and transfer to production processes;
Furnace types and process control techniques,

Fume collection and abatement techniques,

Water reuse and effluent treatment;

Prevention, minimisation, recycling and treatment of process resdues (including by-
products and waste).

In addition the following common issues are covered in this chapter.-

Emission measurement and use of emission data;
Energy and waste heat recovery;

Cross media issues,

Noise and vibration;

Odour;

De-commissioning;

Techniques for reducing the environmental impact of an ingdlation can be described in three
categories. -

management techniques:. - relating to the systems and procedures for designing and
operating a process and for training operators and other staff;

process integrated techniques. - relating to the use of techniques to prevent or reduce
emissions from activities such as storage, reaction, separation and purification;

energy reduction and abatement techniques. - relating to end-of -pipe techniques to reduce
emissions to air, water and land.

This chapter briefly describes the common techniques covering these three categories that are
used in this sector. An indication is given where possible of the techniques that are able to
prevent or reduce emissions to each environmental media. This chapter aso indicates where
these techniques can be used in the various process stages to improve existing processes. This
theme is developed in the metal specific chapters that follow.

The metallurgical production processes for the 10 Groups identified by the Technica
Working Group are covered in chapters 3 to 12 respectively. The techniques to consider in the
determination of BAT in these chapters include more detailed process descriptions, examples
and diagrams. They aso provide more detail of how the integrated process operates and where
the variations in the techniques described in Chapter 2 are used e.g. the way furnaces differ from
the generic description. This approach has been used to minimise repetitive descriptions and to
allow the transfer of information and techniques across the ten groups.

Best Available Techniques are not specified for al of the common processes described in this
chapter but the various common processes and techniques will contribute to the Best Available
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Techniques described in chapters 3 to 12. Additiondly, the techniques described in this chapter
are also suitable for reducing the overall emissions and will therefore influence the way existing
plants are improved.

Chapter 2 should be used in conjunction with chapters 3 to 12 to give the complete production
cycle e.g. chapters 2 and 3 will give the overall range for the production of copper and its aloys.

2.1.1 Installations that produce a number of metals or have associated
processes on-site.

A dggnificant number of instalations produce a number of metals from different groups or may
have associated processes integrated with them. Examples are the processing of bauxite at an
auminium smédlter, the presence of an anode production plant at an duminium smelter or the
production of arange of different metals from complex raw materials in particular Cu, lead, zinc
and precious metals.

The elements of Integrated Plants may be found in different parts of the BREF e.g. anode dime
details in precious metals, prebaked anode details in Chapter 12 and other metals within their
metal specific chapter. The chapter describing the main metal will contain some references to
these processes e.g. anode slime production in Cu chapter and the presence of an anode plant in
Al chapter. This section on integration will explain where these sections and cross-references

are and will advise how a complex plant can be approached.

Materials produced | Chapterscontaining | Chapters containing Comment
in the same process and other overview
Installation details

Aluminafrom bauxite | Chapter 4 Aluminium | Chapter 4 Aluminium | Integrated with afew
in an Al smelter Ingtallations
Prebaked anodes Chapter 12 Carbon & | Chapter 4 Aluminium | Factors of common
produced in an Al Graphite abatement taken into
smelter account.
Lead, zinc, precious Chapter 5 Lead, Zinc | Chapter 3 Copper Some duplication
metals with the and Chapter 6 (plusthe main Cu between Cu and the
production of copper | Precious Metals detall) other chapters.
Nickel, cobdt and Chapter 3 Cu and Chapter 171 Ni, Co
copper Chapter 11 Ni, Co
Mercury during the Chapter 7 Mercury Chapter 3Cu Mercury removal
production of other Chapter 2 Chapter 5 Pb, Zn from smelter gases
metals before acid plant.
FeCr, FeSi, FeMn elc | Chapter 9 Ferro Chapter 9 Factors of common

Alloys abatement taken into

account. Energy
recovery

Refractory metals Chapter 8 Refractory | Chapter 8

metals
Ferro alloys and Chapters 8 and 9 Chapters 8 and 9

refractory metals

Table2.1: Processesthat may form integrated installations
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2.2 Emission measurement and use of emission data

This section is intended to ensure that the emissions reported in this document are measured in
such a way that the results are representative, mutually comparable and clearly describe the
relevant operating state of the plant. The methods and instruments used should be the relevant
National or International Methods (e.g. European Committee for Standardisation [CEN]; 1S0;
VDI Richtlinien; Netherlands Emisson Regulations - Ch4 [NER]; UK Guidance Notes: British
Standards etc.). Genera principles are given below.

2.2.1 Measurement of emissions

The measurement of emissions is used to determine the substances in the clean gas or
wastewater so that they can be reported, used to control the process or abatement plant or used
to predict environmental impact. Fugitive (uncaptured) emissions can aso be estimated using
measurement. Prior to measurement plans can be made to take account of: -

the mode of operation,

the operating state of off-gas purification or effluent treatment plants,

operating conditions in the plant (continuous, discontinuous, start-up and shut-down
operations, load change) and

the effect of thermodynamic interference factors.

These factors can then form the basis for the selection of operating conditions at which: the
highest emissions may be recorded; the number and duration of the measurements chosen; the
most appropriate method of measurement chosen; and the position of the measurement locations
and points determined. For wastewater emissions these qualified random samples can be used
or 24 hour composite samples based on flow proportional or time averaged samples taken.

For continuous operations, a minimum sample collection time or measurement time of half an
hour (half-hour mean value) is usualy necessary. If dust contents are low or if PCDD/PCDF
are to be determined, longer measurement times and consequently, other reference times may be
necessary because of the limitation of detection. Sampling or measuring should take place only
during the operation of the process and dilution air should be excluded. For continuous
operation when only dight fluctuations in the emisson characterigtics, 3 individud
measurements can be performed at the highest emission level. If it is anticipated that the
emission level will be very variable during continuous operation, more measurements can be
carried out; the sampling and averaging time being limited to the emission phase.

For batch operation, the measurement time and the averaging time should be modified so that a
sample or samples over the whole batch can be taken. These results can be used to calculate
averages or to show where peaks occur during the cycle. Again sampling or measurements
should only be made during periods of operation and dilution air should be excluded.

2.2.1.1 Sampling locations

The sampling points should meet the requirements of the relevant National Guidelines. The
sampling points should normdly: -

be clearly marked,

if possible, have a disturbance-free flow in the measurement section,
have monitoring points that can be closed,

have the required energy supplies,

have sufficiently large working platforms, and

ensure that the requirements for safety at work are met.
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2.2.1.2 Components and parameters.

The most common components that are measured in the Non-ferrous Metals Sector include
dust, metals, sulphur dioxide, tota carbon (also VOC, tars and hydrocarbon), dioxins, oxides of
carbon and nitrogen oxides. Acids such as HCI and HF are determined for some processes as
are chlorides and fluorides. Specific determinands includes PFC and PAH for primary
aluminium, PAH for carbon and graphite and some determinands that are specific to some of
the reagents used for precious metals production. The components are reported in the Metal
Specific chapters, methods of analysis are given in the relevant Nationa and International
Guidelines on monitoring and anaysis.

The analysis of some parameters may be covered by methods established by other bodies for
example OSPARCOM. In this particular case at the time of writing, severa of the methods
used in the sampling and measurement of emissions from the primary production of aluminium
and the production of pre-bake anodes are defined by OSPARCOM or are subject to
assessment.  The measurement and determination of PAHSs in particular is the subject of a
review. The number of PAHSs to be determined and the protocol for reporting some or al of
them is not certain at the time of writing and the future recommendation from OSPARCOM
may resolve this.

2.2.1.3 Reference conditions

For emissions to air, the following off-gas parameters should aso be determined to convert the
emission concentrations obtained to standard conditions of 273 K, 101.3 kPa, measured oxygen
content and dry ges. -

the volumetric off-gas flow (in order to calculate the concentration and emission mass
flow),

the off-gas temperature,

the water vapour content of the off-gas,

the static pressure in the off-gas duct and

the atmospheric pressure.

The production rate can aso be reported so that the emissions can aso be reported as specific
emissions per tonne of metal. The specific gas volume ni per tonne of meta can aso be
calculated.

2.2.1.4 Continuous measurement

Continuous measurement of several components in gases or in wastewater is possible and in
several cases accurate concentrations can be reported continuously or as mean values over
agreed time periods (half hourly, daily etc). In these cases an analysis of the averages and the
use of percentiles can dlow a flexible method of demonstrating compliance with permit
conditions and the averages can be easily and automatically assessed.

Methods are available to continuously measure: -

Dust

O,

NO,

CO

FHuorine and its compounds
Chlorine and its compounds
Total Carbon
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Competent authorities may require continuous measurement depending on the mass flow of the
pollutant. Conductivity, turbidity, pH and some ionic species can be continuously monitored
for water.

Even in cases where absolute values may not be agreed as reliable the use of continuous
monitoring can be used to give trends in emissions and as control parameters for the process or
abatement plant and are therefore very important.

Some physical parameters can aso be used to give an indication of the presence of certain
components in the gas stream. For example the presence of an anode effect can indicate the
production of PFCs in primary aduminium production and the temperature, oxygen and dust
content of the gas can give an indication of the destruction of dioxins. pH can aso be used to
indicate the effective precipitation of metals.

2.2.2 Reporting emission data

Any measurement report and measurement protocol drawn up should conform to the relevant
National and International Guidelines.

The report can contain:

- theobjective,

- genera information on the measurements,

- adescription of the plant, its state and operating data,

- operating conditions during the measurement,

- information on the measurement planning,

- sampling locations,

- methods of measurement,

- tabular presentation of the individua measurements including temperatures, gas flow rates
or volumes,

- evauation of the results,

- congderation of errors,

- presentation of the quality assurance measures, and

- an abstract.

Present emission data in this document is normally reported as hourly or daily averages or as
mass emissions per unit tonne of production, dilution of the gases or wastewater is not
considered to be acceptable. Both methods of reporting are useful in defining the performance
and impact of a process. Competent authorities normally use concentration units (mg/Nn or
mg/l) and/or specific emissions factors (g/t of meta) in their permits or in the data reported for
emissions. The two forms of data can be linked provided data is available for the gas volumes
of all of the process stages. This is not adways the case and therefore in this document the
emissions associated with the use of BAT are normally given as daily concentration averages
based on continuous monitoring during the operating period. The standard conditions of 273 K,
101.3 kPa, measured oxygen content and dry gas are used.

In cases where continuous monitoring is not practicable the value will be the average over the
sampling period. Concentrations of metals or other substances in water or wastewater are given
as atota of soluble and insoluble material. The emissions to water that have been reported or
are associated with BAT are based on a quadlified random sample or a 24-hour composite
sample.

At the time of writing there has been insufficient reliable data reported to alow specific
emissions associated with BAT to be reported in parallel with concentrations

65



Chapter 2

2.2.2.1 Interrelationship between concentration and specific emissions.

Where information is available, an interrelationship can be provided to transform concentration
units into specific emissions factors. Emisson data in both forms is very useful for the
regulator and operator. However when comparing or converting data in these forms, great care
is needed to take account of fugitive (uncaptured emissions). Fugitive emissions can form the
major portion of the total emissions, depending on the process.

In the following example a smple converson of annualy averaged emissions is used to show
how to convert the concentration of the pollutant of concern (mg/Nn?) into the specific
volumetric loading (mP/t of metal) and the specific emission factor (g/t of metal). For a
complex dte the tota of al metals produced would be normaly used to present the specific
emissions.

a) Measured dust concentration on an annual basis, which is normaly available as a range
from continuous monitoring (mg/Nnv’)

b) Annua average dust concentration (mg/Nnr)

c) Volumetric off-gas flow rate on a hourly basis (Nnv/h)

d) Yearly operating time (h/a)

cxd=e
€) Annud off-gas volume (Nm/a)

bxe=f mga
f) Annua dust emission (kg of pollutant/a)

g Annua production capacity (t of metal /a)

e+g=h
h) Specific off-gas volume (NmP/t)

f+g=ikglt
i) Specific emission factor (kg/t of metal)

This calculation is based on thereliable knowledge of the following data:

Dust concentration on an annual average basis (mg/Nnv)
Volumetric off-gas flow rate on a hourly basis (Nnv/h)

Y early operating time (h/a)

Annua production capacity (t of metal /a)

The above interrelationships are based on the knowledge of measured vaues for instance the
range of annua dust concentrations and actual volumetric flow rate, which then need to be
transferred into annual averages. The results of these calculations are only vaid for captured
emissions and are based on average values.

In the case of a new plant or a substantial change of an existing ingtalation, the above
interrelation may be based on theoretically calculated or estimated values. The data should take
account of any uncertainties in measurement, for example the volume of the off-gases from any
single process may vary with the composition of the concentrate. Reliance on the designed fan
capacities can lead to errors in the estimates as variable speed fans are commonly used. This
problem of volume measurement is aso encountered in the estimation of uncaptured or fugitive
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emissions, the sampling and measurement of fugitive gases is adso uncertain at the time of
writing.

2.2.2.2 Uses of emission data

Where information is available, the cdculation of the annua dust emissions (kg/a) and the
specific emissions factors of a pollutant (g/t of metal produced) alows:-

The magnitude of individual sources of emissions to air and water can be identified either
within an ingtalation or between ingtallations.

Fugitive emissions can be reported as mass emissions per unit of time or as Mass per tonne
of metal produced. See section 2.7.

The provision of a basis for setting priorities for the future environmental management of a
plant or the application of a "bubble concept" for emissions to air or water over a complex
steif thisisdesred.

The following table gives figures of annua dust emissions from some parts of a primary copper
production process [tm 213, PRAM 1999] producing 170000 t/a blister copper.

System Specific emission factor
for dust
[g/t of Cu]
Dryer 0.2
Roaster 15
Converter shaft Tilter 0.7
Pdletisation 0.1
Sag granulaion 7.2
Anode caster 30.7
Hal ventilation 193

Table2.2: Exampleof priority setting data

In this particular case the equation [b x e =f] alows the specific emission of dust to be
caculated and leads to the conclusion that the anode caster and the hdl ventilation are the
largest single sources of dust emissions and can be given priority.

The long term and long range effects of emissions can be determined by using dispersion
modelling and other techniques.

The use of tall chimneys is used to improve the dispersion of gases and this can result in
environmental impacts far beyond the instalation. Components such as sulphur dioxide can
have very long range, accumulative effects and in some cases "critical loads" for some species
can be exceeded for some pollutants. Dispersion is therefore not a substitute for low emissions.
The use of concentrations based on defined parameters and methods of measurement allows
many parameters to be monitored continuoudy. These parameters can be linked to the
abatement system that is used. Concentration measurement allows:-

Easy demonstration of compliance.

Demongtration of "red time" performance.

A high degree of abatement control and an early warning of equipment failure.
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2.3 Management systems

Effective management is important in achieving good environmental performance. It is an
important component of BAT and forms part of the definition of techniques given in Article 2
of the Directive.

The work undertaken in preparing this document has shown that there are many significant
differences between the environmental performance of a process that is managed and operated
well and an identical process that is managed and operated poorly. Management and
communication systems are some of the most significant factors in this difference.

Achievement of a good performance requires commitment at al levels within a company staring
a Board or policy level and include the site management, supervision and operators. The
system needs to establish objectives, set targets and communicate instructions and results.
Environmental management systems such as 15014001 and EMAS or a quality management
system such as 1SO 9000 can assist by formalising the system.

Although they are rot a requirement of the Directive, an ingtalation should consider the benefits
that can arise from adopting such a system. The techniques used can aso improve economic
performance by improving operating efficiency, reducing costs such as energy or disposal costs
and improving metal yields. These techniques are therefore essentia factors for a modern
ingtallation.

2.3.1 Management policy and commitment

An effective management system can include the following factors: -

Identification of al hedth, safety and environmental impacts of activities, products and
Processes.

A commitment to develop and implement the measures identified.

The communication of the policy to employees and contractors to ensure that they are aware
of the commitment and are involved in its delivery.

The use of a clear structure for managing environmental issues that is fully integrated with
the wider company and site decision- making systems.

The environmental performance of the process is highly dependent on the attention and
awareness of the process operator. Awareness of this and their role in the environmental
performance is important.

The overal environmental performance can be monitored on a regular basis and the results
can form part of the management assessment process. Environmental performance
indicators can be devised and disseminated to operators, feedback from operators can be
obtained and used.

Contingency plans can be prepared which identify the potentia types of incident that can
occur and provide clear guidance on how they will be managed and who is responsible.
Procedures can be prepared to identify, respond to and learn from al complaints and
incidents.

Where new processes are being commissioned, or where existing processes are being re-
commissioned after dterations, a commissioning plan can be prepared that clearly identifies
the issues and the person(s) responsible for the environmental performance of the process
during the commissioning period.
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2.3.2 Design and maintenance

The Directive requires the achievement of “a high level of protection of the environment as a
whole’. Design and maintenance have the main influence on fulfilling this requirement by
assessing the effect of existing plant and any new or substantially changed processes on the
degree of protection of air, water and land. This requirement can be achievedas follows. -

The environmental implications (including noise) of a new or substantialy modified
process or raw material should be considered at the earliest stages of the project and should
continue to be reviewed at regular intervals thereafter. Thisis the most cost-effective timeto
introduce improvements in overall environmental performance. An audit trail of the design
and decision-making process is a useful method to show how various process and
abatement options were considered. Commissioning issues should be planned for new or
modified plant.

Potential fugitive emissions should be considered at al stages.

A programme of preventive maintenance should be used and be recorded. It should be
coupled with diagnostic testing where appropriate.

Loca extraction systems should be examined regularly and defects or damage repaired
promptly.

All staff can be made aware of the role they can play by maintaining vigilance, for example,
in relation to damage to hoods and duct work or plant failures. Appropriate procedures
should be used to encourage staff involvement and respond to reports.

An internal procedure should be used to authorise modifications and to undertake checks
after modifications before a process starts up.

2.3.3 Training

All staff should be aware of the implications to the environment of the process and their
work activities.

There should be a clear statement of the skills and competencies required for each job.
Training given to daff involved in process operation should include the environmental
implications of their work and the procedures for dealing with incidents.

Records of the training given to process operation staff can be very useful in ensuring
progressive and complete training.

Training of other departments in the environmental issues and consequences that affect the
ingalation can dso be effective in preventing conflicts that affect environmental
performance. For example finance and sdles teams can have significant influences on
environmental performance. For example full accounting measures can identify excess raw
material usage and can identify true energy and disposal costs for process stages,; unplanned
deliveries and sales can lead to production short cuts and cause incidents.
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2.4 Receipt, storage and handling of raw materials and residues

The main raw materias used by the production of non-ferrous metals are ores and concentrates,
secondary raw materias, fuels (oil, gases and solid fuel) and process gases (such as oxygen,
chlorine and inert gases). Other materias such as fluxes, additives and process chemicals (e.g.
for abatement systems) are also used. This variety of materials possesses many handling and
storage problems and the specific technique used depends on the physical and chemica
properties of the material. The study identified that the following techniques are used.

2.4.1 Applied processes and techniques
2.4.1.1 Ores and concentrates

Ores and concentrates may be delivered to site by road, rail or ship. Dust collection and
abatement systems are used extensively at these points.

Process control is becoming more important to improve conversion efficiency, reduce energy
consumption and reduce emissions and is frequently based on effective sampling, analysis and
recording of raw materials to establish optimum process operating conditions. This influences
the choice of techniques for storage and handling.

The unloading, storage and distribution of solid materia is carried out by smilar techniques to
those used for solid fuels. Generally more stringent containment methods are adopted for these
materials as they are generally more reactive, have a smaller particle size and are more easily
suspended in air or washed into water. Automatic quick sealing devices are commonly used.
Fluxing and dagging agents are also received on Site and are handled in a similar manner to ores
and concentrates.

Ores or concentrates (if they form dust) and other dusty materias are usualy stored in enclosed
buildings. Closed, covered stockpiles and silos are aso used. Open stockpiles are used for
large, lumpy materia but are usually formed on a hard impervious surface, such as concrete, to
prevent material losses, land contamination and contamination of the ore. Some large materias
are not stored on a hard surface as damage to surface can frequently occur and cause hidden
problems. Bays are often used to segregate different grades of ore.

Ores and concentrates are normaly used by large instalations and therefore silos are not
frequently used for primary storage but can be used for intermediate storage and the preparation
of orefflux blends. “Loss in weight” silo systems and belt weighers etc. are used to meter ores
and fluxes to achieve effective optimum blends and improved process control.

Water sprays are frequently used to suppress dust but some operators require dry feed to the
processes and are reticent about using water sprays. Alternative methods, such as using
atomising sprays to give fine water mists, are used for dust suppression without over wetting the
material. Some concentrates naturally contain sufficient water to prevent dust formation.

Sedling agents (such as molasses, lime or Poly Vinyl Acetate) can be used to prevent dust
formation in windy conditions. Sealing can prevent oxidation of surface layers and subsegquent
leaching of material to ground or surface waters.

Unloading minerals may be a potential source of significant dust emissions. The main problem
occurs when a rail car or other tipping vehicle dscharges by gravity. The rate of discharge is
not controlled and results in a high volume of displaced air and dust, which can overwhelm dust
extraction systems. Enclosed delivery hals using automatic door closing are used.
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Polycarbonate screens, which seal against the tipping car, are used. In this case, displaced air is
passed to a sprung section and surge container to absorb the energy of the discharge; the
increase in air volume is damped, allowing the extraction system to cope.

Materia can be reclaimed by underfeed conveyor, grab crane or front-end loader, totaly
enclosed conveyors are used to transport dust forming material. Transfer by pneumatic, dense
phase systems is also used. For dust forming materias extraction and filter systems nay be
used to dea with dust from static off-loading points and conveyor transfer points. In case of
using open conveyors dust can be produced if the belt is running too fast (i. e. more than 3.5
m/s). When afront-end loader is used dust can be generated during the whole transport distance.

Solids may adhere to wheels and other parts of vehicles and will contaminate roadways both on
and off site, the use of wheel and under-body washes (or other cleaning techniques if freezing
temperatures are encountered) to decontaminate vehicles are frequently employed.

Road sweepers or other specialised equipment using a combination of water jets and vacuum
collection are commonly used to keep internal roads clean.

Materiads that contain components with a high environmental concern e.g. lead and cadmium
are treated with the most effective of the measures reported.

2.4.1.2 Secondary raw materials

This industry is particularly active in recovering metal from a variety of sources and
consequently uses a wide range of secondary raw materials. Scrap metal, skimmings, flue or
filter dusts and drosses are used as sources of non-ferrous metals and these materials contain a
number of metals or metal compounds. Secondary raw materias are aso used in some primary
Processes.

The source of the secondary raw material may give information of the potential emissions due
to the presence of acids, oils, organic contaminants (that can produce dioxins during melting
processes), anions and components such as ammonia from the reaction of skimmings with
moisture. This directly influences the potential emissions to air, water and land and any of the
components of these materials can be emitted. Materials are checked (e.g. by inspection and
sorting) for unforeseen impurities and contamination and this can be cost effective in
maintaining a cleaner product and reducing emissions..

The physica state of the material adso effects the storage and handling methods. These
materials can be dusty, oily and range in size from fine dusts to entire components. These
factors affect the delivery, handling and storage methods used. The techniques used for primary
raw materials are used together with those below.

Secondary raw materials can be delivered to site as loose materia, in tote bags or in drums. The
physical state of the materia dictates the delivery method and storage method used. The source
of the material aso has a significant impact and there are several methods available for grading
material. Quality control and anaysis of feed material is practised in most cases.

Large components and material such as swarf or grindings are stored on concrete areas that may
be in the open, covered or insde buildings. Some large materids are not stored on a hard
surface as damage to the surface can occur. The material isusually stored in segregated piles to
keep different grades and aloy compositions separate.

Dusty materials and skimmings are also stored in segregated piles, which may be in the open,
covered, or insde buildings. These materials can be pyrophoric or may react with moisture to
form ammonia or other gases such as arsine or stibine, depending on the composition. The
storage method therefore takes these factors into account. Cold dusty material can be coated
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with material such as molasses to form a dry crumb, which is not dust forming. The coating
material does not affect pyrometallurgical processes.

Secondary raw materials may be contaminated with a variety of other materials such as ails,
acids and organic matter which could be washed into drainage systems. The potentia
contamination of rain and other water by such contaminants is taken into account in the design
of storage methods and the treatment of water run-off from these areas. Bunded areas, sealed
floors and ail interceptors are used to prevent emissions to water.

Materias are handled by a variety of methods depending on storage. Grabs, conveyors and
shovels are used. Secondary materials frequently need to be blended prior to processing or pre-
treatment and intermediate storage is used.

Secondary materials that contain components with a high environmental concern eg. lead,
cadmium are treated with the most effective measures.

2.4.1.3 Fuels

The fuel may be used directly as a heat source, as a reducing agent or both. This needs to be
identified for each ingtdlation. Fuels may be ddivered to Ste by pipdine, road, ral or ship.
The methods used for delivery are outside of the scope of this document but the use of road
transport for frequent deliveries can give rise to noise and congestion.

Ddivery and storage of fuel is usualy controlled by the operator to prevent spillage and leaks,
the techniques used include the following: -

a) Liquid fuels

Road and rail tankers are most commonly used for delivery. The site storage systems feature
the use of vented or floating roof storage tanks, which are sited in sealed areas or bunds with
sufficient capacity to contain the contents of the largest storage tank (or 10% of the total volume
of individua tanks if it is greater). Efficient oil interceptors are used to prevent the discharge of
oil in gte run-off water.

Venting of gases from the storage tank back into the delivery tank is frequently practised unless
floating roof storage tanks are used. Automatic resealing of connecting hoses is used when
liquids and liquefied gases are delivered. Delivery connections are sited inside the bund.

Regular checks of the tank contents to identify lesks and safe volume for receipt is common
practice. Alarms are used. Occasionaly the use of inert atmospheres will be encountered.

Pipelines may aso be used for liquid fuel delivery and may incorporate intermediate tank
storage. Fud digtribution from the site storage tanks to the process is usualy by overhead
pipeling, by service trenches or less commonly by buried pipeline. Barriers are used for damage
protection of overhead pipelines. The use of underground pipes hinders the prompt
identification of fuel leaks that can cause contamination of the ground and sub surface water.

If there is arisk of ground water contamination the storage area should be impermeable and
resistant to the material stored.
b) Gaseous fuels

Pipelines are the most common delivery system for gaseous fuels. Although LPG can be classed
asaliquid, the same techniques are used. Process gases are dealt with later.

72



Chapter 2

Some pyrometalurgical processes (i.e. the carbo-thermic production of ferro-aloysin closed
submerged electric arc furnaces) produce a carbon monoxide rich off-gas as a by-product. The
amount of CO varies largely depending on the metal and the production process. The off-gas
can contain CO from lower amounts (low CV gas) up to 90% (high CV gas). Thegasis cleaned
(i. e. acascade wet scrubber) and then distributed throughout the site as a secondary fuel or sold
to neighbouring mills. Excess gas may be used for the production of electricity or flared-off.

The dedlivery of gases is often associated with pressure reduction equipment or occasionally
compression equipment. In al cases the use of pressure and volume monitoring is frequently
practised to identify leaks and gas monitors are sometimes used to monitor the workplace and in
the vicinity of storage tanks.

Once again dite distribution by overhead pipeline or pipelines in service trenches are common,
damage protection methods are adopted.

c) Solid fuels

Road, rail or ship deliveries are used. Storage in silos, closed stockpiles, open stockpiles and in
buildings are used depending on the type of fud (e.g. coke, coal etc) and its' tendency to form
dust.

Open stockpiles are not used frequently but those that exist are designed to give an even,
doping face to the wind and can have retaining walls to reduce the effect of wind and contain
the material. Material can be reclaimed using underfed conveyor, grab crane or front-end loader.

Conveyor systems are designed to minimise the number of direction changes and the drop
height a these changes to reduced spillage and dust formation. Closed, covered or open
conveyors are used depending on the potential for dust formation; extraction and dust filtration
isused if needed. In case of open conveyors dust can be produced if the belt is running too fast
(i. e more than 3.5 m/s). Belt scrapers are used to clean the return section of the belt to prevent

spillage.

The moisture content of the fuel can be controlled to prevent the release of dust. Dust
explosions are possible with dry and fine materid.

Some open stockpiles are treated with water sprays or sealing agents (such as Poly Vinyl
Acetate or molasses) to prevent dust formation in windy conditions, such as sealing agents can
also prevent surface oxidation of the fuel. Solid matter can be washed into drainage systems
and efficient settlement is often used to prevent emissions to water from open stockpiles.

Solid fuel can be distributed on site by truck, conveyor or by pneumatic “dense phase” system.
Day storage or surge storage, usudly in silos or hoppers, is used frequently. These systems
usually incorporate dust extraction and filtration eguipment.

2.4.1.4 Process chemicals and gases

Acids and alkalis and other chemical reagents are often used in the main process, in abatement
equipment and may be produced during the process. They may be used to leach metals,
precipitate compounds or can be used for off-gas or effluent treatment processes. Chemical
compounds may be produced as part of the main process.

The supplier generally specifies the appropriate storage of these materials. Many of these
reagents can react together and the storage and handling methods usualy takes this into account
by segregating reactive materials. Liquids are usually stored in drums or tanks in open or
enclosed bunded areas, acid or chemical resistant coatings are used. Solids are generaly stored
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in drums or bags (big bags) internaly with isolated drainage systems, silos are used for some
materials such as lime. Pneumatic transport systems are used.

Gases are used for a variety of purposes in the production of non-ferrous metals. The industry
can use large quantities of process gases and the consumption of particular gases influences the
method used for transport and distribution.

Oxygen is used to improve combustion, provide oxidation and improve converson processes
and natura gas or propane are used to reduce metal oxides. Carbon dioxide, nitrogen and argon
are used to provide inert atmospheres and to degas molten metal. Chlorine is used in the
chlorination step of the dectrolytic magnesum production, to degas molten meta and to
remove nwanted metallic components (e.g. magnesium). Carbon monoxide and hydrogen are
used in the main processes. Hydrogen and sulphur dioxide are used to reduce oxides and salts.
Chlorine and oxygen are used in leaching processes. Specific applications are discussed under
individual meta production processes.

The operator can produce gases on site athough contract gas production is encountered and
these ingtallations also supply other sites. Severd sites use oxygen to improve combustion and
nitrogen for spark suppression of pyrophoric materials. The same cryogenic or pressure swing
process produces both gases and the low-grade nitrogen produced can be suitable for some
inerting operations. In a similar way, combustion gases which have low oxygen contert, are
used to prevent auto ignition.

Gases can be transported by tanker and pipeline. Chlorine is usudly stored as a liquid in drums
or tanks and is distributed by evaporation and suction line, gas leakage is therefore prevented.
Inventory and pressure control and monitoring can provide leakage detection for al gases.

Flow balancing and pressure decanting are used for the mixing of gases (e.g. argon/chlorine
mixtures). For small volumes, pre-mixed gases can be supplied.

Didribution of gases within the ste is normaly achieved by pipelines, which are carried
overhead using good damage protection systems. Health and Safety regulations govern the use
and distribution of chlorine.

2.4.1.5 Residues

A variety of residues are produced by the processes in this sector. Many form the basis of raw
materials for other parts of the industry. The section above describing secondary raw materials
covers most of the techniques that are used. Later chapters describe in more detail the specific
residues from the processes and the techniques for handling and storage.

2.4.2 Present emissions and consumption levels

Consumption of raw materias is dependent on the metal being produced and this data is
included in chapters 3 to 12.

There are potential emissions of VOCs to ar and of oils to water or land during loading,
storage, unloading and transfer of liquids and gases. There are potential emissions of VOCs to
air from tank breathing and pipdine leaks.

There are potentia emissions of dust and metals to air and land from the loading and unloading
operations, the transfer and storage of solid material and the re-suspension of dust from the
storage areas and conveyors. Suspended solids, metals, cil and various anions such as sulphate
(depending on the ore and its treatment) can be emitted to water.
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Emissions from these sources are usudly fugitive and are hard to quantify. Some estimates may
be made from environmental sampling such as deposit gauges for dust or surface water samples.
This chapter therefore concentrates on the techniques used that prevent emissions from raw
materid handling.

2.4.3 Techniques to consider in the determination of BAT

This section presents a number of techniques for the prevention or reduction of emissions and
resdues as well as techniques reducing the overal energy consumption. They are dl
commercialy available. Examples are given in order to demonstrate techniques, which illustrate
a high environmental performance. The Techniques that are given as examples depend on
information provided by the industry, European Member States and the vauation of the
European |PPC Bureau.

The applied techniques discussed above are al capable of preventing releases to al
environmental media to a certain extent. The techniques that are used depend to a large extent
on the type of material that is being used. For example large, heavy items are treated by a
completely different range of techniques to fine, dusty materia. These issues are specific to
individua sites and materials. There are however, several techniques that are considered more
effective in preventing releases from raw material handling. These techniques are:

The use of liquid storage systems that are contained in impervious bunds that have a
capacity capable of containing at least the volume of the largest storage tank within the
bund. Various guidelines exist within each Member State and they should be followed as
appropriate. Storage areas should be designed so that |eaks from the upper portions of tanks
and from delivery systems are collected and contained in the bund. Tank contents should be
displayed and associated alarms used. The use of planned deliveries and automatic control
systems to prevent over filling of storage tanks.

Sulphuric acid and other reactive materias should aso be stored in double walled tanks or
tanks placed in chemically resistant bunds of the same capacity. The use of leak detection
systems and darms is sensible. If thereis arisk of ground water contamination the storage
area should be impermeable and resistant to the material stored.

Delivery points should be contained within the bund to collect spilled of materid. Back
venting of displaced gases to the delivery vehicle should be practised to reduce emissions of
VOCs. Use of automatic resealing of delivery connections to prevent spillage should be
considered.

Incompatible materials (e.g. oxidising and organic materias) should be segregated and inert
gases used for storage tanks or areas if needed.

The use of oil and solid interceptors if necessary for the drainage from open storage areas.
The storage of material that can release oil on concreted areas that have curbs or other
containment devices. The use of effluent treatment methods for chemical species that are
stored.

Transfer conveyors and pipelines placed in safe, open areas above ground so that leaks can
be detected quickly and damage from vehicles and other equipment can be prevented. If
buried pipelines are used their course can be documented and marked and safe excavation
systems adopted.

The use of well designed, robust pressure vessals for gases (including LPG’s) with pressure
monitoring of the tanks and ddivery pipe-work to prevent rupture and leakage. Gas
monitors should be used in confined areas and close to storage tanks.
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Where required, sedled delivery, storage and reclamation systems can be used for dusty
materials and silos can be used for day storage. Completely closed buildings can be used
for the storage of dusty materials and may not require specid filter devices.

Sealing agents (such as molasses and PVA) can be used where appropriate and compatible
to reduce the tendency for material to form dust.

Where required enclosed conveyors with well designed, robust extraction and filtration
equipment can be used on delivery points, silos, pneumatic transfer systems and conveyor
transfer points to prevent the emission of dust.

Non-dusty, non-soluble material can be stored on sealed surfaces with drainage and drain
collection.

Swarf, turnings and other oily material should be stored under cover to prevent washing
away by rain water.

Rationalised transport systems can be used to minimise the generation and transport of dust
within a site. Rainwater that washes dust away should be collected and treated before
discharge.

The use of whedl and body washes or other cleaning systems to clean vehicles used to
deliver or handle dusty materia. Loca conditions will influence the method eg. ice
formation. Planned campaigns for road sweeping can be used.

Inventory control and nspection systems can be adopted to prevent spillages and identify
leaks.

Materia sampling and assay systems can be incorporated into the materials handling and
storage system to identify raw materia quality and plan the processing method. These
systems should be designed and operated to same high standards as the handling and storage
systems.

Storage areas for reductants such as coal, coke or woodchips need to be surveyed to detect
fires, caused by sdlf-ignition.

The use of good design and construction practices and adequate maintenance.
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2.5 Pre-processing and transfer of Raw Materials

2.5.1 Applied processes and techniques

Ores, concentrates and secondary raw materials are sometimes in a form that cannot be used
directly in the main process. Drying/thawing may be needed for control or safety reasons. The
material size may need to be increased or decreased to promote reactions or reduce oxidation.
Reducing agents such as coa or coke and fluxes or other dag forming materials may need to be
added to control the metallurgical process. Coatings may need to be removed to avoid process
abatement problems and improve melting rates. All of these techniques are used to produce a
more controllable and reliable feed for the main process and are aso used in precious metal
recovery to assay the raw material so that toll recovery charges can be calculated.

2.5.1.1 Thawing

Thawing is performed to alow frozen materia to be handled. This occurs for instance when
ores or concentrates or fossil solid fuels such as coal are discharged from atrain or ship in the
wintertime. Thawing can be achieved by using steam jets in order to just melt the ice and to be
able to unload the raw material.

2.5.1.2 Drying

Drying processes are used to produce a raw material that is suitable for the main production
process. The presence of water is often avoided for several reasons.

It is dangerous when large volumes of steam are produced rapidly in avery hot furnace.
Water can produce variable heat demand in a concentrate burner, which upsets the process
control and can inhibit auto-thermal operation.

Separate drying at low temperatures reduces the energy requirements. This is due to the
energy required to super heat the steam within a smelter and the significant increase in the
overd| gas volume, which increases the fan duty.

Corrosion effects.

Water vapour may react with carbon to form H, and CO.

Drying is usudly achieved by the application of direct heat from a burner or by steam jets, or
indirectly usng steam or hot ar in heat exchanger coils. The heat generated from
pyrometallurgical processes is also often used for this purpose as well as the CO rich off-gas
that can be burned to dry the raw material. Rotary kilns and fluidised bed dryers are used. The
dried materia is usualy very dusty and extraction and abatement systems are used to collect
dusty gases. Collected dusts are returned to the process. Dried ores and concentrates can aso
be pyrophoric and the design of the abatement system usually takes this into account, nitrogen
blanketing or the low residual oxygen in combustion gases can be used to suppress ignition.

Dryer off-gases may contain SO, and treatment of the gases may be considered.

2.5.1.3 Crushing and size reduction

Crushing and size reduction is practised to reduce the size of products, residues or raw material
so that is suitable for sale or further processing. Many types of crusher are used including cone
crushers and ball crushers. Wet or dry materials are crushed and a blending stage can be
included. The specific equipment used will depend on the raw materials to be treated. Dry
crushing is potentially a mgor source of dust emisson and extraction and abatement systems
are used, collected dusts are returned to the process. Damp materials can be crushed where dust
formation can cause problems and where wet pelletising stages follow.
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Granulation is used to produce small particles of dag, which are suitable as shot blasting
material, road fill or a material that can be reprocessed to recover the metal content. Molten
dag is cast into a water bath or poured through a stream of water. Granulation is also used to
produce metal shot. Granulation processes have the potentia to form fine dust and aerosols,
which have to be controlled.

Electronic components are a source of several non-ferrous metals and these may be ground in
shredders or mills to liberate the circuit boards and other material from the metallic components
S0 that separation can take place.

2.5.1.4 Battery breaking

Battery breaking is used to recover lead, nickel, cadmium and other materials from batteries.
For leadtacid batteries, hammer mills are used to break the battery cases to liberate lead (as
grids) and lead compounds (as paste) and alow the recovery of the plastic case materia (mainly
poly-propylene), the electrolyte is also removed and treated or used. Two-stage crushing can be
used to control the particle size and prevent the lead oxide from being impacted into the plastic
during a single stage mill. Plastic materid is separated and washed to improve the qudity and
produce plagtic that is suitable for recycling. The acid content of the batteries can contaminate
land and water if it is not collected and handled properly, sedled acid resistant drainage systems
can be used with dedicated collection and storage tanks. The milling stages can produce an acid
mist, this can be collected in wet scrubbers or mist filters.

Ni/Cd batteries are pyrolised to remove any plastic coating and to open the batteries. Pyrolysis
is carried out at low temperatures and the gases are treated in an afterburner and then a bag
filter. Cadmium and nickel are recovered from the electrodes and steel from the casing material.

2.5.1.5 Blending

Blending is performed to mix ores or concentrates of varying quality and to combine fluxes or
reductants, if necessary, with the ore to produce a stable feed to the main process. Blending can
be achieved in proprietary blending equipment, in the grinding stage or during conveying,
drying and storage stages. Accurate blends are produced using loss in weight storage systems,
belt weighers or by volume from the loading equipment. Blending can be a very dusty
operation and high levels of containment and extraction are used. Collected dusts are returned
to the process. Wet mixing is also used to avoid the production of dusts; durry is produced that
is then de-watered and used in a pelletising process. Coating and binding agents may aso be
used for this purpose. Depending on the process the blended material may be needed to be
pelletised before further processing such as sintering.

2.5.1.6 Briquetting, pelletising and other agglomeration methods

Many techniques are used to treat concentrates, flue dusts and other secondary material and they
include the baling of wire or small scrap, compressing briquettes of materia as mentioned
before and extruding or rolling pastes to produce even sized bals of material. Coating and
binding agents are used for this purpose to reduce dust development in subsequent process

steps.

Briquettes and pellets containing a mixture of fine ore or concentrate, recycled dust and
additional material such a reducing agents are often produced to ensure efficient smelting
conditions. After adding binders or water the mixture is fed into a press, which often produces
pillow shaped briquettes or pelletised in a rotary pelletisng drum or a pdletising disc. The
binding material must be of such properties that the briquettes have sufficient green strength to
enable them to be handled easily and to remain unbroken when they are charged to the furnace.
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Various types of binders can be used, such as molasses and lime, sodium silicate, steel dag or
cement and they also reduce dust formation. Pitch can be added to improve the green strength.
Coarse fractions of filter dust from the furnace bag house filter and filter dust from crushing and
screening operations can be mixed with the other materias to be briquetted.

2.5.1.7 Sintering and calcination

These processes are used to increase the size of the raw material or the chemical composition so
that it is suitable for further processing. Agglomeration and sintering alow a more even gas
flow through a furnace bed and reduce dust formation, gas volume and fugitive emissions [tm
109, UNEP 1993].

Sintering and calcining are also used for this purpose and additiondly it is used to adjust the
chemica form of the mix or to convert any sulphur present eg. cacinaion of dolomite into
dolime in the production of magnesum. The main binding mechanism in ore sintering is
archived by bringing the ore up to a temperature where the gangue minerals start to melt,
whereby individua particles are fused together in a matrix of molten dag. In some case re-
crystalisation, eg. formation of new crystals across former grain boundaries will play some
role in the sintering process. The sinter is usually crushed and classified and the fine materials
are returned to the sintering process, sometimes the returned materia is 2 - 4 times greater than
the sinter produced. The feed particles are then sent to the smelter.

The sintering and roasting of sulphide ores are often carried out together at high temperatures
and in this case the gases produced are high in sulphur dioxide. The oxidation of sulphur
provides the heat necessary for the process. Generally the ore is blended with return sinter and
fluxing agents and may be pelletised before sintering. In the case of oxides, coke is aso added.

Sinter plants use a moving grate, continuous grate or a sted belt to carry the materia through
heating and cooling zones, some plants use sted pallets to contain the feed. The gases are
drawn upwards or downwards through the bed (up-draught or down-draught sintering). A
sintering machine that uses a combination of up-draught and down-draught stages is also used
and is capable of minimising gas volumes and fugitive emissions and recovers heat efficiently.
Sometimes a layer of sintered material is used between the grate and the blend is used to protect
the steel grate.

The sintering of sulphide ores is exo-thermic, other materials use natural gas as afuel. The hot
gases are usually recycled to prehesat the bed or the combustion air. The sinter is cooled by air
draught on the bed or in a water quench. The sinter is then sieved and sometimes crushed to
produce a final feed materia of constant size. The fine materias are returned to the sintering
process.

Cacining is performed in rotary, fluidised bed or multiple hearth furnaces, there are normally
no addition of carbon during the process. Calcination of sulphide concentrates performs the
roasting stage and is discussed in the chapters for metal production.

2.5.1.8 Fuming processes

These processes are used to fume volatile metals such as lead or zinc, from a substrate. The
process uses high temperatures and a source of carbon to produce an inert dag by fuming or
volatilisng metals from the material. This allows the metals to be recovered usualy as an oxide
for further processing. Waelz kilns and dag fuming furnaces are used. Fuming is also achieved
during batch converting processes when volatile metals are removed during the process.
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2.5.1.9 De-coating and de-oiling

These operations are usually performed on secondary raw materials to reduce the organic
content of the feed to some main processes. Washing and pyrolysis processes are used.
Centrifuging can recover oil and reduce the load on the thermal system. Major variations in
organic content can cause inefficient combustion in some furnaces and produce high volumes of
combustion gases that contain residua organic compounds. The presence of coatings can aso
reduce the mdting rate significantly [tm 121, Hoogovens 1998, tm 125, ETSU 1994]. These
events can cause significant emissions of smoke, dioxins and metal dusts to air unless the gas
collection and combustion systems are sufficiently robust. Sparks or burning particles can be
produced that can cause significant damage to abatement equipment. In-furnace de-coating of
contaminated scrap is aso less efficient in most cases than de-coating shredded materia in a
separate kiln due the production of more dross [tm 125, ETSU 1994] but some furnaces are
specially designed to receive organic contaminants.

The remova of oil and some coatings is achieved in a specially designed furnace such as a
swarf dryer. In nost cases a rotary furnace is used at low temperature to volatilise oil and
water. Direct and indirect heating of the materia is used. An afterburner operated at high
temperature (more than 850 °C) is used to destroy the organic products produced in the furnace,
and the gases are usualy filtered in afabric filter.

Mechanica stripping is aso used frequently to remove insulation from cables and coatings from
other materials. Some process use cryogenic techniques to make the coating brittle and
therefore easier to remove. Washing with solvents (sometimes chlorinated) or with detergents
can dso be used. Solvent vapour systems with integral condensers are the most common.
These processes are also used to de-grease production items. Treatment systems to prevent
water contamination are used in these cases.

2.5.1.10 Incineration and pyrolysis

This is normally used to treat photographic film, sweepings, catdysts and other materias to

concentrate the precious metals content or to recover nickel. It isaso used to pre-treat catalysts
to remove the organic content before further treatment. These processes are usually carried out
a low temperature to prevent carry over of the metals. The gases produced from the incinerator
are then treated in an afterburner and bag filter. The potential formation of dioxins needs to be
considered for these processes.

Simple box kilns and rotary furnaces are used for the incineration or pyrolysis stage. Raw
materias are fed into the box kilns in trays. The metal-rich ashes are collected or quenched
before they are processed further.

2.5.1.11 Leaching procedures

Leaching or pre-leaching is used to remove impurities such as akdi and akaine earths,
magnesium, sulphate or chloride from some concentrates and secondary raw materials before
further processing. Leaching is adso used to reduce the content of cadmium, chloride and
sulphate etc in residues or to recover them as by-products. Examples are - Waelz oxide can be
washed to produce materia that is suitable for use in a primary process, - Cadmium in filter dust
can be removed before the dust is recycled to a smelter. Pre-leaching is aso used to remove
metals from complex matrices or to concentrate the precious metals that are used to coat
catalysts. Ores such as quartz are washed and screened before use. Open or closed circuit
washing processes are used, a bleed of liquor is used in a closed circuit system. Wastewater is
treated before discharge.
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2.5.1.12 Separation techniques

These processes are used to remove impurities from raw materias prior to their use. The
separation techniques for ores and concentrates (such as flotation) are generally used at the mine
when the materia is concentrated or “beneficiated”, but these techniques are also used at several
production sites to treat dag to remove meta rich fractions. Magnetic separation is used to
remove items of iron.

Separation techniques are more frequently used for secondary raw materials and the most
common is magnetic separation. Heavy media and density separation (swim/sink) is used by
the scrap processing industry but may be encountered in the non-ferrous metals industry for
example in the processing of battery scrap to remove plastic material. In this case the density
and size difference of the various fractions is used to separate metal, metal oxides and plastic
components using a water carrier. Air classification is also used to separate metals from less
dense materials such as the plastic and fibres from electronic scrap. Flotation is also used to
enrich leach residues.

Magnetic separation is used to remove pieces of iron to reduce contamination of alloys.
Generdly, over-band magnets are used above conveyors. Sloping hearths in a reverberatory
furnace are used to melt zinc, lead and auminium to leave large, higher melting point impurities
(e.g. iron) on the hearth for further processing.

Moving electromagnetic fields (eddy current separation) are used to separate aduminium from
other material. A variation on this technique uses this moving electromagnetic field to pump
molten auminium or other metals without direct contact between the meta and mechanica
components.

Other separation techniques involve the use of colour, UV, IR, X-ray, laser and other detection
systems in combination with mechanical or pneumatic sorters. These are used for example to
separate Ni/Cd batteries from other battery types and the techniques are being developed for
other gpplications.

2.5.1.13 Transfer and charging systems

These systems are used to convey the raw materials between pre-treatment stages and then into
the main process. Techniques, similar to those used for raw materials are used and similar
problems of dust production, containment and extraction exists. Collected materia is reused.

Pre-treated materials may be drier than raw materials and more stringent methods are used to
prevent dust emissions, water spray Systems are generaly not used but high standards of
housekeeping are needed. Conveyors for the transport of dust forming materias are generaly
enclosed and in these cases efficient extraction and abatement systems are employed at exposed,
sensitive areas such as conveyor change points. An aternative is the use of fine water sprays or
mists. Bottom scrapers are used on conveyors to prevent carry over of material on the return
section of the belt. Dense phase, pneumatic conveying systems are also used frequently.

2.5.2 Present emission and consumption levels

The potential emissions to al environmenta media are smilar to those from raw materias
handling. In addition, there are releases to air of smoke, acid gases, fume and dust from thermal
processes and dust from mechanical processes and releases of metals to water from granulating
and filtering systems. The emissions from these processes are usually collected.
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2.5.3 Techniques to consider in the determination of BAT

This section presents a number of techniques for the prevention or reduction of emissions and
resdues as well as techniques reducing the overal energy consumption. They are al
commercidly available. Examples are given in order to demonstrate techniques, which illustrate
a high environmental performance. The Techniques that are given as examples depend on
information provided by the industry, European Member States and the vauation of the
European |PPC Bureau.

The techniques that are used depend to a large extent on the type of material that is being used
for example large, heavy items are treated by a completely different range of techniques to fine,
dusty material. These issues are specific to individua sites and materials. The pre-processing
and transfer operations however often deal with materials that are dry or are likely to produce
process emissions to any of the environmental media. More detailed design of the process
equipment sed at this stage is therefore needed and the processes need to be monitored and
controlled effectively. The nature of the materia (e.g. dust forming, pyrophoric) needs to be
taken into account and the potential emissions of VOCs and dioxins in thermal processes needs
to be assessed. Extraction and abatement systems in particular need to be carefully designed,
constructed and maintained. The review of applied techniques in this section includes the issues
that will be encountered in the various process options. The techniques listed for raw materias
handling should also be referred to. The following items however are considered to be the most
important.

. Use of pre-treatment and transfer processes with well designed robust extraction and
abatement equipment to prevent the emission of dust and other material. The design of this
equipment should take account of the nature of the emissions, the maximum rate of
emissons and al of the potential sources.

Use of enclosed conveying systems for dusty materials. These systems should be provided
with extraction and abatement equipment where dust emissions are possible.

Processes that “flow” directly into the following process if possible to minimise handling
and conserve heat energy.

Use of wet grinding, blending and pelletisng systems if other techniques for the control of
dust are not possible or appropriate.

Thermal cleaning and pyrolysis systems (e.g. swarf drying and de-coating) that use robust
after-burning equipment to destroy combustion products e.g. VOCs and dioxins. The gases
should be held a a temperature greater than 850 °C (1100 °C if there is more than 1%
halogenated organic materid), in the presence of at least 6% oxygen for a minimum of 2
seconds. Lower residence times may as well result in the complete destroying of VOCs and
dioxins but this should be demonstrated on a locd level. Gases should be cooled rapidly
through the temperature window of dioxin reformation.

To reduce the impact of VOC's, washing processes to remove oil or other contaminants
should use benign solvents. Efficient solvent and vapour recovery systems should be used.
Sted bdt, up-draught or fully enclosed down-draft sintering processes are techniques to be
considered. Steel belt sintering has severa advantages for certain metal groups and can
minimise gas volumes, reduce fugitive emissions and recover heat. These are discussed
later. Off gas extraction systems should prevent fugitive emissions.

The use of rotary kilns with wet ash quenching for the processes involving the volume
reduction of material such as photographic film. Smaler ingtalations may use a moving
grate furnace. In both cases the combustion gases should be cleaned to remove dust and
acid gasesiif they are present.

If required to minimise the generation of smoke and fumes and to improve the melting rates,
separation processes should be designed to produce clean materias that are suitable for
recovery processes.

Collection and treatment of liquid effluents before discharge from the process to remove
non-ferrous metals and other components.

The use of good design and construction practices and adegquate maintenance.
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Pre-treatment Materials Metal group Comment
method
Drying Concentraies & fluxes All Dry feed to a smelter
Crushing Sag All Mechanical or water
based
Batteries Mechanical T or 2
stages. Potentia acid
emissons to al media
Blending Concentrates & fluxes All Use of conveying and
blending stages
Agglomeration Concentraies & fluxes All (Rardly Cu | Coating and
Residues & Ni) pelletisng
Sntering Concentrates & tluxes Pb, Zn, Ferro- 0O, and dust
dloys emissons
Fuming HIlter dusts, dags Po, Zn Hilter dustsfrom a
variety of processes
contain Pb and Zn
De-codling, de-alling | Cable Cu, Al, T1 €tc. VOC and dioxin
Swarf emissonsfrom
thermal systems.
Centrifuging can recover Mechanical and
oil and reduce the load on cryogenic systems are
the thermal system. available.
Incineration HIm, catalysts. Precious metals. | VOC and dioxin
emissons
Leaching Raw materials Pb, Zn, PMs
Residues
Separation Plastic materia Po, Cd, PMs, AT | Air or Tiquid based
Metds systems
De-greasing Products — usng solvent Cu elc Potential for
or aqueous based systems. chlorinated
hydrocarbons

Table2.3: Summary of pre-treatment methods
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2.6 Metal Production and Process Control Techniques

M etal Type furnace likely to be Comment
encounter ed

Copper Flash Smelting Furnaces. A variety of applications
Bath Smelting Furnaces. depending on the raw material
Electric Furnaces. and process stage.
Rotary Furnaces or converters.
Blast furnaces.
Shaft Furnaces.
Induction Furnaces.
Reverberatory Furnaces.

Aluminium Molten Electrolyte Cells. Molten electrolyte cells only
Reverberatory Furnaces. for primary.
Rotary and Shaft Furnaces.
Induction Furnaces.

Lead Imperial Smelting Furnace (1SF).
Flash Furnace (Kivcet).
Bath Furnace (QSL, ISA Smelt/Ausmelt).
Short rotary Furnace.
Heated Kettle.
Sinter machine.

zZinc | SF and New Jersey Distillation Temperature control of
Fluidised bed roaster, sinter machine. melting isvital.
Induction and crucible furnace.
Slag fuming furnaces.

Precious Metals Electric Furnace. A variety of applications
Blast Furnace. depending on the raw material
Crucible Furnace, and process stage.
Rotary and Static Incinerator.
Cupel and BBOC.
Vacuum distillation

Mercury Rotary Kiln.
Tube furnace.
Herreshoff furnace.

Refractory Metals Pusher Furnace. Pusher, band, batch and rotary
Band Furnace furnaces are used for powder
Batch Furnace production.
Rotary Furnace Electron beam furnaceis used
Electron Beam Furnace. for ingot smelting
Vacuum Induction Furnace.

Ferro Alloys Blast Furnace. The electric arc furnaceis
Electric Arc Furnace, Electric Furnace. used as an open, semi -closed
Reaction Crucibles, and closed furnace.
Herreschoff Furnace Herreshoff furnaceis only
Metallo-thermic reactors used for Mo-roasting.

Alkali Metas Molten Electrolyte Cells. Induction furnaces are mostly

Electric Furnaces, Induction Furnaces.

used for re-melting.

Nickel and Cobalt

Flash Smelting Furnaces.
Bath Smelting Furnaces.

Electric Furnaces, Reverberatory Furnaces.

Converters.
Rotary Kilns & Furnaces.
Induction Furnaces.

A variety of applications
depending on the raw material
and process stage.

Carbon and graphite

Pit Furnaces, Vacuum Furnaces.
Electric Furnaces.

Table2.4: Typical furnace applications
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There are several processes or combinations of processes used to produce and melt metals.
Pyrometallurgica and hydrometallurgical processes are shown below. The order in which they
appear is not significant and does not signify a ranking. The techniques described in the metal
specific chapters give more details of the pyrometallurgica or hydrometalurgica process, the
metals that they are used for and the specific advantages and disadvantages in those
applications.

Furnaces are used for a variety of purposes in this industry such as roasting or calcining raw
materials, melting and refining metals and for smelting ores and concentrates.

The same “type” of furnace or process may be used for avariety of purposes and this review is
therefore intended to give an overview of the various applications [tm 22, EC 1991; tm 26,
PARCOM 1996; tm 35, LRTAP 1995].

An important aspect of the choice of process is the relationship with the collection of fume and
gases, sedled, semi-closed and open processes are encountered. The design of the fume
collection system is strongly influenced by geometry, which in some instances can make fume
collection difficult. The use of transfer systems that require collection hoods to be moved from
a furnace is an illugtration of this factor. The other important factor in the applicability of a
particular process type is the type and variahility of the raw material used, some process alow a
range of materials to be used but others need a defined type of materia. These issues are
considered further in the individua metal production chapters under techniques to consider in
the determination of Best Available Techniques. In a similar manner the operation and
maintenance of these systemsis also critical.

2.6.1 Furnaces for roasting, calcining etc
2.6.1.1 Rotary kilns

Rotary kilns use the same arrangement as a rotary furnace but operate without melting the
charge.

Stack Filter Gas cooling Feed
\/
] 4
yvvyy
. h ! Rotary kiln
A\

Exhaust
fan

Water basin

Figure2.1: Rotary kiln
[tm 124, DFIU Cu 1999]

These kilns are used for a variety of fuming and calcining processes. Principal examples are the
production of zinc oxide by fuming in a Weelz kiln; the production of cacine for the ferro
nickel process, the cdcination of auminium hydroxide and the cacinaion of magnesum
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hydroxide to a light burnt magnesium oxide for eectrolytic magnesium production. Other
applications are the pre-treatment of a variety of raw materials a high temperatures, the
incineration of photographic film and paper and the drying of concentrates and blends of
material at lower temperatures.

2.6.1.2 Fluidised bed roaster

These furnaces are especialy suitable when good temperature control is required for example
for sulphating roasting and dead roasting of zinc concentrates as well as for Al,O, cacining.

Combustion air is blown through tuyeres in a grid at the bottom of the furnace and through the
fluid bed of materia being roasted on the grid. The concentrate is fed on to the top of the bed.
The oxygen reacts with the sulphides in the bed to produce oxides, the cacine. SO, gasis
formed at about 900 to 1000 °C by the oxidation of sulphide to form oxide. At this temperature
practicaly al of the iron is combined with heavy metd oxides to give ferrite in the presence of
€xXCess oxygen.

Part of the calcine is removed mechanically from the furnace but some is carried over in the gas
stream and is removed in a waste heat boiler and EP system. The roasting removes some minor
impurities like Cl, F, Se and Hg into the gas phase.

The heat evolved in the roasting is recovered as steam by cooling coils in the bed and in the
waste heat boiler. Utilisation of the steam may vary somewhat dependent on the need at the
plant site, but part of it is always used for heating in the process.

2.6.1.3 Herreshoff furnace

The furnace consists of a tower that contains a number of 8 to 12 annular shaped refractory
brick hearths arranged vertically and enclosed in a cylindrica refractory lined steel shell. The
feed to the furnace is usualy of the outside of top hearth and material is moved to the centre of
this hearth by rabble arms where it falls to the centre of the second hearth. The material flow on
the second hearth is from the centre out where it falls to the outside of the third hearth. This
zigzag flow is repeated until the roasted material is discharged. The rabble arms are attached to
a central, vertica rotating, tube which is air cooled. Gas or oil burners are provided at various
points in the furnace depending on the combustion characteristics of the material. The cooling
ar that is used to cool the central tube normally is used as pre-heated combustion air for the
furnace.
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o

a) Hopper; b) Circular hearth; c) Hollow shaft; d) Rabble
arm with teeth; e) Discharge outlet; f) Gas outlet

Figure 2.2: TheHerreshoff Furnace

This furnace is used to roast sulphide ores, to produce metal directly in the case of mercury or
an oxide such as molybdenum oxide. Vaporised rhenium that is liberated in the roasting
process of molybdenite can be recovered from the roaster off-gas by using a wet scrubbing
system together with a subsequent rhenium recovery plant. The Herreshoff furnace is also used
to re-generate activated carbon.

2.6.1.4 Sintering furnaces

The raw materias for the sintering plant are concentrates, ore fines, flue dusts and other
secondary material. In the sintering plant the material is first agglomerated to the required extent
and may be pelletised. The agglomerated materia is fed to the sintering furnace in alayer or in
carriers, heated gases are passed up (up-draft) or down (down-draft) through the bed.

In the Steel Bt Sintering machine a multi-compartment oven is used through which the green
agglomerate is carried on a perforated steel conveyor belt. The agglomerate is dried in the
drying compartment by circulating gas from the last cooling compartment. In the preheating
compartment the temperature of the agglomerate is increasing so that the material is calcined
and the carbon in the bed isignited. Heating gas is taken from the second cooling compartment.
In the sintering compartment the sintering temperature is achieved. Hesating gas, in addition to
the energy from burning of carbon and oxidation of iron, is taken from the first cooling
compartment.
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The front-end compartments are down draft, cooling air to the three cooling compartments is
blown through the bed. In case additiona energy is required to control the temperature profile
in the compartments, CO-gas from the smelting process or natura gas is burned in the
preheating and sintering compartments. Part of the product sinter or pellets is used as bottom
layer on the steel belt to protect it from too high temperatures. The exhaust gases are cleaned in
cascade scrubbers and/or bag filters. Dusts are recycled back to the agglomeration.

1

&

Figure2.3: Steel belt sintering furnace

Sintering furnaces are applied to sintering of a variety of ores, dusts and sudges. The steel belt
sintering furnace is used for chromite pellets, manganese ore and niobium concentrate but may
have other applications.

2.6.2 Smelting furnaces

2.6.2.1 Reverberatory furnace

The reverberatory furnace is used for smelting concentrates and secondary material. Two
genera types exist, a smple bath furnace for smelting of calcine or concentrates and a
reverberatory hearth furnace for melting or refining. Furnaces can sometimes be tilted to pour
or blow metal. Tuyeres can be used for the injection of treatment gases or for the addition of
fine materid.

The furnace is constructed in a number of configurations depending on the particular metal and
application, variations include the provison of doping hearths and side wells for specific
melting purposes, tuyeres and lances for the addition of gases.

Sag isusualy removed by tapping.
When sulphide ores are smelted in a reverberatory furnace the sulphur dioxide concentrations

are normaly low due to the high volume of combustion gases and the low rate of sulphur
dimination in the furnace.
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Figure2.4: An exampleof atilting reverberatory hearth furnace used for secondary materials
[tm 124, DFIU Cu 1999; tm 226, VDI 2102 1999]

These furnaces are used for smelting a variety of primary and secondary raw materials and for
fire refining.

2.6.2.2 The blast furnace (and Imperial Smelting Furnace)

This is a type of shaft furnace. It uses a heated air blast from tuyeres in the lower part of the
furnace to burn coke that is mixed with the furnace charge of metal oxide or secondary material
and fluxing agents, materials are often briquetted before charging. The combustion of a portion
of the coke raises the furnace temperature and the remainder produces CO, which aong with
hydrogen produced by the water gas reaction reduces the metal oxides to metal. The reaction
produces a gas that is rich in carbon monoxide. This can be collected and cleaned and burnt to
pre-heat the blast-air or may be burnt off in a separate afterburner or in an oxygen rich part of
the furnace. In some instances, raw materias such as zinc oxide dusts are fed via the tuyeres.

The metal collects on a hearth or crucible a the bottom of the furnace and may be tapped
continuously or on a batch basis. When tapped batch-wise, the dag floats on top of the metal
and the metal is tapped from a separate tap hole. Fume extraction and abatement is used during
the tapping process.

The furnace shdl is normally water cooled either over its entire height or in the lower part, the
blast furnace can aso be called a water jacket furnace. There are two variations of the blast
furnace depending on the feeding method and the operating temperature used to melt the metal.
Furnaces can be: - a) “hot top” where the charge materia isfed viaa“bell” or aconveyor viaa
transfer lock or b) “cold top” where the furnace is charged from a hopper and the feedstock
provides the top sedl itself.
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Figure 2.5: Blagt furnacefor secondary copper production
[tm 124, DFIU Cu 1999; tm 226, VDI 2102 1999]

Blast furnaces are used to smelt and recover a variety of metals including precious metals,
copper and lead from primary and secondary raw materials @ well as high carbon ferro-
manganese. Recent developments alow the charging of fine materials into the furnace via the
tuyeres and this can avoid briquetting and reduce the handling of dusty material.

One specific application of the blast furnace is the Imperia Smelting Furnace that is used for
mixed lead/zinc concentrates. This furnace uses a molten lead splash condenser after the blast
furnace section to collect zinc vapour released in the gases while lead collects on the hearth.
The zinc and cadmium collected in the condenser is purified in a fractiond didtillation system
(New Jersey Didtillation Column).

2.6.2.3 Electric arc furnaces

Electric arc furnaces operate on the principle of passing a large aternating electrical current
between a series of wsualy three carbon electrodes (for a three phase eectrical supply) to
produce electrical arcs. A DC (Direct Current) electrical supply can also be used and in this
case the arc strikes between a number of electrodes and a carbon furnace lining.

The electric arc furnace can be divided in the following main components.
Equipment for adding ores and concentrates or amix of raw material to the furnace.
Equipment to supply eectrica energy to the furnace consisting of eectrica grid,
transformers, bus bar and the e ectrodes.
The furnace body or shaft consisting of a shell, the lining and the furnace hood that protects
the equipment from the heat and the chemicd load.
Equipment for tapping the metal and dag from the furnace.

The raw material may be charged to the furnace in different ways. For smaller furnaces the raw
materia can be charged manually by using a charging car. The charging car may sometimes
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also be used for the necessary stoking work to break down crust formation in the upper part of
the furnace charge. Large electric arc furnaces are normally charged by charging tubes where
the charge flows from the tubes to the hearth so that the material in the tubes form in case of a
closed furnace agas tight seal.

The dectrical supply system will transform the electrical energy that normaly is at high voltage
down to low voltage—high current that is required for the process. Three furnace transformers
are Situated around the furnace in order to obtain electrical symmetry. The operation of separate
transformers has some advantages on the furnace control. The electrodes are connected to the
electrica supply system through the bus bar. The electrodes can be pre-baked or of the
Salerberg type. They are made from graphite or carbon material and are consumed in the
process, so that they have to be replaced continuously.

. New electrode casing

L
NEM' carbon paste cylinders

Slipping system

Lower clamp ring
Suspension casing

Flexibles Hydraulic

hoist

Electrical

Electrode
contact shoes

holder

Holder clamp ring Furnace roof

N
aponoale peyeg oz Bueg aysed uogiea plos

Figure2.6: Saderberg electrode system in an electric arc furnace

The Salerberg system that is shown in figure 2.6 is based on an outer steel electrode casing
which acts as aformer for the carbon paste. The carbon pasteis baked to afixed electrode inside
the steel casing when the electrode is heated as it approaches the warmer part of the furnace.
Some of the heating is due to the eectrical current in the electrode. Carbon from the electrodes
can be consumed to reduce oxides to a metal or can be worn away by the action of the arc.
Significant concentrations of carbon monoxide can be produced. Some ingtalations use hollow
electrodes which allows material to fed into the furnace through the eectrode.

The raw materia provides part of the resistance in the eectrica circuit and promotes the
formation of the eectric arc, which produces the high temperatures. The depth of insertion of
the electrodes regulates the resistance. Direct current arc furnaces exist and use anode pins or
conducting hearths. The electric arc furnaces can be operated batch-wise or continuoudly.

The furnaces can be open, semi-sedled (with extraction commonly from a fourth hole in the
hood) or totally sealed using feed chutes and sealing valves for charging. In the latter case al of
the furnace gases are extracted efficiently and are cleaned and can be used to pre-heat feed
materials or used as a source of fuel. The hoods and occasiondly the furnace body can be
water-cooled to control the process and prevent damage.
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Figure2.7: Rotary Electric Arc Furnace

These furnaces are used for smelting arange of ferro-alloys. They are aso used for melting and
refining refractory metals and high temperature aloys and in these cases they are operated under
vacuum.

The furnace can be operated on a batch basis or continuoudly with a molten charge. In the latter
case the electrodes are “submerged” in the dag and do not strike an arc (except during start up)
but operate as an electric resistance furnace or Electric Submerged Arc Furnaces.

2.6.2.4 Electric (resistance) furnace

This type of furnace uses a similar arrangement to the electric arc furnace. Depending on the
size of the furnace 3 to 6 Salerberg or pre-baked eectrodes are immersed in the liquid layer.
The mdting temperature is maintained by means of electric resistance heating. The furnace is
usually operated continuoudly.

Molten or solid raw materias are fed in a number of ways using launders, feed pipes or through
a hollow electrode. Sedled or semi-seded conditions are easy to maintain. In smelting
processes the roasted ore concentrates are transferred on to the liquid melt either through the top
of the furnace or sideways by individua chargers and the electrodes are immersed in the molten

dag layer.
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Figure2.8: Electric Furnacefor concentrateor calcine smelting

They can be operated in a number of ways using coke and dagging agents depending on the
application. The carbon electrodes are consumed as oxides are reduced but the gas volumes
produced during operation are kept to a minimum as there are no gases produced by the
combustion of afuel. These furnaces are usually sealed and the gases are easily collected and
treated to remove and if possible re-use dust, CO and sulphur dioxide.

These furnaces are used in the production of a number of metals from primary and secondary
raw materials including precious metals, lead and copper and for dag cleaning [tm 124, DFIU
Cu 1999]. Some dags from primary smelting e.g. Cu, are usually cleaned in circular furnaces.
They are also used for the recovery of precious metasin particular silver.

2.6.2.5 Refractory lined pits and crucibles

These are smple pits formed in Al,O, or other refractory materia and refractory lined steel
cylinders that are placed to from crucibles, which contains the process. They are commonly
used for metalo-thermic reactions. Refractory lined pits and crucibles are often used in the
production of specia ferro-aloys such as ferro-vanadium and ferro-molybdenum as well as for
refractory metals.

2.6.2.6 The ISA Smelt/Ausmelt furnace

This furnace uses a stedl lance for the injection of fuel gas, oil or coa and oxygen or air into a
cylindrical bath furnace. The lance is submerged in the molten bath and relies on the formation
of a coating of dag to prevent rapid deterioration.

Other raw materials are fed into the furnace by sealed conveyor where they react at a high rate
and are melted. The submerged combustion lance stirs the bath and produces a dag aong with
the desired metal or matte. The separation of the molten phases requires a separate settling
furnace from where the phases are tapped separately. The furnace can be used on a batch basis
when conditions in the furnace, such as the gas blown through the lance are changed at the end
of abatch. Examples of a batch operation are @) the smelting of copper/lead secondary materia
to a copper lead matte in a first stage followed by conversion of the matte to blister copper by
blowing with oxygen; b) the treatment of zinc leach residues. Continuous operation is possible
using two furnaces in series e.g. as suggested for the |SA lead production process.
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Figure2.9: The Ausmelt/I SA Smelt process
[tm 124, DFIU Cu 1999]

The furnace uses arobust hood and extraction system to collect and treat fume from the furnace
system and tapping operations. When sulphide concentrates are smelted the gases are passed to
a sulphur removal system.

There are a number of applications for this type of furnace including the production of copper
matte from concentrates (ISA Smelt) and converting, production of lead from primary and
secondary materials (ISA Smelt), treatment of spent pot lining and fuming of zinc (Ausmelt)
[tm 38 - 45, Ausmelt 1997]. The ISA Smelt furnace is dso used for the production of copper
and lead from mixed feed. This furnace is used for continuous direct smelting furnace as well
as for batch and stepwise operations. When smelting copper concentrate to matte the process
uses moist feed that is fed continuoudy with fluxes into the furnace.

2.6.2.7 The Top Blown Rotary furnace

This is a rotating and tilting furnace that uses lances for heating and blowing purposes. The
furnace is small and is usualy housed in an enclosure to contain secondary emissions, which are
treated. Rotation of the furnace promotes good mixing of the charge and complete reaction of
the components but can lead to abrasion of the refractory lining.
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Figure2.10: Top Blown Rotary Furnace

Oxygen and fuel are added via the lances, which blow on to the surface of the melt. The use of
oxygen results in the production of low off-gas volumes and high sulphur dioxide when
sulphides are smelted. The processis normally carried on a batch basis and it is common to use
anumber of these furnaces for smelting, converting and slag cleaning.

The furnace is used for smelting, converting and dag treatment. It is used to produce primary
and secondary copper and lead, ferro-nickel and for the recovery of precious metals.

Other commercia designs of tilting rotary furnaces are also used for smelting and examples are
the mini-smelter and the tilting, rotating oxy-fuel furnace (TROF).

2.6.2.8 The Noranda, El Teniente, Baiyin and Vanyucov processes

The Noranda Reactor uses a cylindrical refractory lined furnace for smelting. Pelletised
concentrate and additives are charged on to the bath of molten dag at the top end of the furnace.
Burners fired by natura gas or oil situated at both ends produce the heat necessary for
processing. Oxygentenriched air is blown into the molten bath through tuyeres, causing sulphur
and iron to oxidise.
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Figure2.11: TheNoranda Reactor

During continuous smelting in the furnace the melt segregates into two liquid phases. dag and
meatte. Due to their various densities they settle to form two layers. Matte is tapped periodicaly
from the bottom of the furnace and the dag flows out continuously opposite the charging end.
The furnace is sealed and extracted and the launders are provided with extraction.

This process is used to smelt copper concentrates and can produce blister copper when using
concentrates with low impurity levels or high-grade matte. The normal operating practice is to
produce a copper-rich matte to undergo further conversion.

The El Teniente, Baiyin and Vanyucov processes are smilar to the Noranda process. In the El
Teniente process wet concentrates are added to the furnace using a Gar gun and dry
concentrates are added via the tuyeres. Initiadly a matte was seeded into the furnace to help the
process and produce white metal. The Baiyin process uses a rectangular furnace that is divided
into smdting and settling zones. In the Vanyucov process the oxygen enriched air is blown into
the dlag layer rather than the matte layer.

. L Cancenirale
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Figure2.12: El Teniente Reactor

2.6.2.9 The Mitsubishi process

This process employs three interconnected furnaces, a bath smelting furnace, an electric dag
cleaning furnace and a converting furnace. Gravity flow is used between the furnaces and
avoids the transfer by ladle. All of the furnaces are sealed and extracted, heat from the process
gases is recovered and treated to remove dust and sulphur dioxide.
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The dried concentrates, air, oxygen and additives are charged into the bath furnace by means of
lances and subsequently melted to form matte (60 - 65% copper content) and dag. This mixture
flows continuoudly through a channel into the electric hearth furnace that serves as a settling
furnace to separate the dag. Matte is continuously discharged from the settling furnace through
a siphon into the converting furnace.
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Figure2.13: The Mitsubishi Process

In the converter air, oxygen and additives are blown on to the liquid bath via water-cooled
lances to produce blister copper. The converter dags are recycled to the smelting furnace, which
can also be fed with anode scrap. It is possible that the converter stage could be used with other
smelting furnaces.

This process produces blister copper continuously.

2.6.2.10 QSL furnace

The furnace is a horizontal cylinder divided into an oxidation one and reduction zone. The
furnace is lined with chrome-magnesite bricks to cope with atemperature of 1250 °C. Tuyeres
at the furnace bottom supply oxygen to the oxidation zone and a mixture of air and coa dust to
the dag reduction zone. Raw material can be moist and sized from large lumps to fine materid.
They are fed into the top of the furnace mixed with coal and fluxes.

The oxidation zone produces lead bullion, sulphur dioxide and a lead rich dag. This flows into
the reduction zone so that a further quantity of lead bullion is produced, this flows in the reverse
direction to the lead tap hole. Slag is tapped from the reduction end and then granulated. Lead
bullion is tapped from the oxidation end and then refined. Hoods and complete enclosures
exhaust the outlets and launders. The exhaust gases are used from heat recovery and then de-
dusted before passing to a sulphuric acid plant. Other process gases are cleaned in bag filters.
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Figure2.14: QSL Process
[tm 102, DFIU Zn 1999]

The QSL process was designed to produce lead from concentrates and some secondary
materiasin a single bath furnace and to maximise energy recovery.

2.6.2.11 Cyclone smelting furnaces

These include the Flame Cyclone Reactor (FCR) and the Contop reactor. With these high-
intengity flash-smelting processes the copper concentrates and flux are smelted with oxygen in
cyclone-type combustion chambers. In the Contop process, the cyclone is disposed verticaly
and the reacted mxture falsinto a settling chamber below the cyclone. In the FCR process, the
combustion takes place in a vertical reaction shaft and the separation of the matte and dag
occurs in afurther horizonta reactor. Slag and white metal or copper rich matte are separatedin
the fore-hearth and tapped off. The white metal or matte is processed in a standard converter.
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Figure 2.15: Contop Process

These processes are mainly used to smelt copper concentrates.
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2.6.2.12 The Outokumpu Flash Furnace

This is a flash smdting process. The dried concentrates are smelted by utilising the energy
content of the concentrates for the production of the heat needed for the smelting of concentrate
and flux. The concentrate feed mixture is fed continuously with oxygen enriched air through a
concentrate burner into the vertical reaction shaft of a sealed furnace where the reactions
between oxygen and concentrate takes place rapidly in suspension. The heat of reaction melts
the particles. The fused particles produce matte and dag. Sulphur dioxide is formed at the
same time. In older ingtallations process air prehesting to about 200- 800[F& was used to
achieve autogeneous operation, but at the time of writing the mgjority of installations achieve
autogeneous operation by using oxygen enrichment to about 30 — 90% oxygen in process air.
The degree of oxygen enrichment is determined by the concentrate quality and the heat balance
requirements. The continuous off gas flow leaves the furnace through the uptake shaft for heat
recovery and particulate removal. It has a high, constant sulphur dioxide concentration and
sulphur is recovered from the gas mainly by conversion to sulphuric acid after particulates are
removed.

The molten dag and matte particles are settled out of the gas in a horizontal settler part of the
furnace forming a molten bath where the phases separate without an externa settler. The matte
is tapped out of the furnace to ladles or led via launder to granulation depending on the method
of converson used. The dag is tapped continuoudy or semi-continuoudy out of the furnace
and can be further processed in a dag furnace or in a dag flotation circuit for copper recovery.
In some ingtdlations the low copper content in dag alows the dag produced in the primary
smelter to be discarded or used directly.
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Figure2.16: The Outokumpu Furnace

The flash furnace is established for the production of copper and nickel matte and blister copper
directly from concentrates. The furnace produces a high-grade matte and so the main part of the
sulphur in the concentrate is released in the smelter gases and enables the conversion process
(e.g. the discontinuous Peirce-Smith converter) to eliminate the remaining sulphur more easly.

99



Chapter 2

The furnace has been used on a demongtration scale for the production of lead bullion and for
fuming of Jarosite waste.

The same type of furnace is aso used in the Flash Converting process for the conversion of
ground, granulated matte into blister copper. The process has similar features to the flash
smelting process i.e. autogeneous operation with oxygen enriched air and a continuous flow of
off gas with a high sulphur dioxide content.

2.6.2.13 The INCO furnace
This is a flash furnace similar to the Outokumpu Flash Furnace but uses pure oxygen to operate

autogeneoudy. Copper ore concentrate blended with dagging agents are blown horizontaly
into the furnace from both ends and the off gases are collected at the centre of the furnace.
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Figure2.17: TheINCO Furnace

The concentrates are roasted and melted in suspension in the furnace and fall into the settler in
the same manner as the Outokumpu Flash Furnace. The heat produced by roasting is sufficient
for an auto-thermal smelting process. The dag, which has a medium copper content, flows out
continuoudy at one end of the furnace and the matte is tapped periodicaly at the centre of one
sidewall. The waste gas contains up to 75% SO,.

2.6.2.14 The Kivcet (KSS) furnace

This is a flash furnace similar to the Outokumpu Flash Furnace. Dry and blended charge
components and oxygen are fed continuously through burners at the top into an oxidation shaft.
At the same time coke breeze is added.

The charge isignited as it enters the reaction shaft, temperatures up to 1400 °C are reached and
complete de-sulphurisation takes place immediately. The coke breeze is only heated as it fals
down the shaft. The coke floats on the slag bath and reduces PbO. Partly reduced slag and
bullion flow under a submerged partition wall into the reduction section of the furnace, which is
electricaly heated and where additional coke or coal is added for fina reduction.
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Figure2.18: TheKivcet Furnace

Lead bullion is sent for refining, the dag may be sent to a Wadlz kiln. the flue dust from the
oxidation is directly sent back to the furnace. The flue dust from the reduction stage is treated
inan ISF. The processisaso used for copper production.

2.6.3 Converters
2.6.3.1 The Peirce-Smith Converter

These converters are run batchrwise and use tuyeres to blow air or oxygen into the matte to
react the matte in two stages to produce blister copper or high-grade nickel matte and dag.
They are aso used for the production of ferro-nickel and some metal oxides.

Large volumes of hot gases are produced during the blowing periods and are collected by means
of hoods over the converter opening. The space between the converter housing and the hood
alows the access of bypass air, which causes dilution of the SO,-rich effluent gases. The SO,
concentration varies depending on the process cycle. During initial blowing SO, concentrations
can be consderably higher than 10%, during the subsequent blowing period, and when the
converter is turned away from the hood, SO, concentrations are much lower and often nil. The
varying SO, concentration does not provide a satisfactory feed to the acid plant, which requires
a relatively steady flow. This is overcome in multi-converter plants by converter scheduling to
atain a relatively steady flow. The gases can also be mixed with the much stronger smelter
gases. The use d oxygen for enriching the blast air will aso increase the SO, content however
the enrichment is limited due to the rapid increasing refractory wear. Water-cooled hoods are
now being used in some plants.

The converter is charged via ladles with liquid matte and the slags produced during the
conversion of the matte and the blister copper produced are subsequently poured into ladles
from the converter. During these tapping processes, fugitive emissions are released. The use of
additional fume extraction facilities (e.g. secondary hoods and air curtains) and the control of
converter positioning to prevent blowing during the converter roll out, can reduce these
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emissions. Through-hood and tuyere charging systems are also used so that it is not always
necessary to tilt the converter away from the hood during the charging of metal scrap and
fluxes.

The general drum furnace format adopted by this type of converter is adso used for Anode
Furnaces where the blister or black copper produced by the converter are refined. These
furnaces use tuyeres for further air blowing followed by the addition of a reducing agent
(usually natural gas or propane) to remove the fina traces of sulphur and then convert copper
oxide to copper.
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Figure2.19: The Peirce-Smith Converter

This is by far the most common matte-converting vessel and is used to produce copper and
high-grade nickel matte and for refining ferro-nicke.

2.6.3.2 The Hoboken Converter

This operates on the same Hdowing principle as the Peirce-Smith Converter but the large escape
of gas that usualy occurs when the converter is tilted for charging and tapping the dag and
crude copper is avoided.

The effluent gas is sucked off through the flue at the end of the converter. The siphon minimises
gas escape during all phases of operation. The converter is charged through a small opening at
the top of the casing and charging is therefore possible during blowing without tilting the
converter because of the shorter process duration. Dilution of the effluent gases due to
infiltrated air is small, so that the steady average concentration of SO, is higher than for the
Peirce-Smith converter. However, the SO, concentration will still vary throughout the cycle.

102



Chapter 2

The end result is that there is a smaller loss of SO, from the converter. The smaller opening
used for charging can create problems due to slag build-up.
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Figure 2.20: TheHoboken Converter

2.6.3.3 Other converters

The ISA Smelt/Ausmelt furnace, the TBRC, the converter stage of the Mitsubishi process and
the Noranda converter are also used as converters. These furnaces use molten matte as the feed
material. The OBM conveter is used for ferronicked. The Flash converter
(Kennecott/Outokumpu) is aso used, in this case ground matte is used as the feed material. The
Mitsubishi Converter and the Flash Converter are the only continuous Converters in metallurgy
a the time of writing.

2.6.4 Melting and refining furnaces

2.6.4.1 Induction furnaces

They are smple crucibles or channels that are heated by an external electrica coil, channel
induction furnaces are mainly used for melting items with large dimensions. In one case the
channel furnace is used to melt aluminium cans.

Crucible induction furnace B  Channe induction furnace

—— i -

a) Spout; b) Induction coil; c) Crucible; d) Molten metal;
&) lran core; f) Channel; g) Rammed lining

Figure2.21: Induction Furnaces
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Current is induced in the meta that has been charged into the furnace and heat is generated.
The furnaces are equipped with fume extraction hoods and dust abatement that can be used
during drossing and pouring operations. Access to an induction furnace for charging and
tapping means that a movable hooding system is often used. The hoods are robust so that they
can withstand some mechanical impact. Alternatively, efficient fixed or lip extraction is used.
The efficiency of this furnace can be low for some materials but can be increased particularly if
the feed material is small. Large items can be cut to improve efficiency and aso to alow the
fume collection hoods to be deployed properly. Some continuous processes aso retain a “hedl”
of molten meta in the bottom of the furnace between charges if the operation alowsiit.

These furnaces are used for small melting capacities up to 30 t commonly for copper, brass, zinc
and auminium. They may aso be operated under vacuum, for example when melting super
alloys, high aloyed stedl, pure metals and in some cases for meta distillation. The temperature
of the furnace can be automatically controlled to minimise the production of fume when melting
volatile or oxidisable metals such as zinc or aloys containing zinc.

These furnaces are adso used to “Hold” molten metal for aloying and casting. The current
induced in these furnaces causes the meta to be stirred electro-magneticaly, which promotes
mixing of the charge and any aloying materials that are added.

2.6.4.2 Indirectly heated kettles

These are simple crucibles that are heated externally by the combustion gases from gas or ail
combustion, electricity or for lower temperatures by therma fluid. Contact with a direct flame
is avoided to prevent local hot spots at the base of the crucible and good temperature control can
be maintained in the melt so that oxidation and vaporisation of the metal is prevented.

These kettles are used mainly for melting clean lead and lead aloys and zinc and its aloys.

2.6.4.3 The shaft furnace for melting of metal

This is a smple vertical furnace with a collecting hearth (inside or outside the furnace) and
burner system at the lower end and a materia charging system at the top. The burners are
usually gas fired and are designed to produce an oxidising or reducing atmosphere. This alows
the metal to be meted with or without oxidation. Metal is fed into the top of the furnace and is
melted as it passes down the shaft. Independent control of the fudl/air ratio is usualy provided
for each burner. Continuous CO or hydrogen monitoring is aso provided for each row of
burners and monitor the combustion gases from each burner in turn. Combustion gases are
usually extracted and cleaned. An afterburner is used sometimes to decompose any carbon
monoxide, oil, VOCs or dioxins that are released. The addition of oxygen above the melting
zone has been used to provide after-burning in the upper levels of shaft or blast furnaces.

The furnace is used to melt pure metal but occasionally metd that is contaminated with organic
materia is used. If oily metd is fed into the furnace it passes through the temperature gradient
that exists between the charging area and the burners. The low temperature can produce a mist
of partialy burnt organic material. The shaft furnace is also used to pre-heat the charge materia
before smelting.

2.6.4.4 The Contimelt process

The process comprises two interconnected furnaces, a hearth shaft furnace and a drum furnace.
Thefirst is avertica rectangular furnace with a horizontal collecting chamber which is fed with
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blister or black copper and other raw materials. Oxy-gas burners supply heat and the feed is
melted to produce a fire-refined copper and a small amount of dag that is separated.
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Figure2.22: Contimelt Process
[tm 124, DFIU Cu 1999]

Molten copper flows via a siphon and launder to a horizontal cylindrical furnace where it is de-
oxidised using natural gas. Refined copper is then cast as anodes. Gases from the second
furnace are passed to an afterburner. They are then combined with gases extracted from thefirst
furnace and pass to a waste heat boiler, burner air pre-heater, cooling stage and finally a bag
filter.

The furnace operating conditions can be controlled to minimise oxidation of the metal. The
arrangement allows heat recovery by steam generation or charge pre-hesting.

This is a continuous 2stage process to melt and treat black and blister copper, high grade
copper scrap and anode scrap to produce copper anodes. A similar development in the
auminium industry is the Metower process [tm 116, ALFED 1998]. This process uses a
vertical melting tower and incorporates charge pre-heating using the hot exhaust gases.

2.6.4.5 Electron beam furnaces

The very high melting temperatures of refractory metals like tungsten, tantalum or niobium do
not alow melting in a norma melting furnace. For high melting point metals the electron beam
furnace has been developed, using accelerated electrons as an energy source to impart their
energy into the furnace charge. The electron beam melting is used to produce high purity
inclusion free metals. The ability to melt high purity metals is due to the perfectly clean high
temperature heat source (electrons) and the water-cooled copper hearth. The melted meta
freezes againgt the copper, so that the melt is only in contact of its own solid. Electron beam
melting and refining is a well-established process for the production of ultra clean refractory
metals such as vanadium, niobium, tantalum, molybdenum and tungsten.
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2.6.4.6 The rotary furnace

This is a refractory lined rotating cylinder fitted with burner a one end. A charging door is
provided at one end and the burner can sometimes be housed in this. Oxy-fud firing can be
used. The furnaces can be either “long” or “short” and several variants exist.

Short rotary furnaces. Smelting of secondary lead, precious metals etc.

Long rotary furnaces. Melting and recovery of aluminium scrap etc.

Thomas furnace: Melting and refining copper scrap etc.

Rotary furnace with submerged tuyeres. Refining of blister or black copper, Sag deaning
etc.

Furnace rotation can be varied to give a complete reaction of the charged material and high
efficiency. Raw materias are usually charged via an end door, this is usualy enclosed and
extracted to prevent fume emissions. The furnaces use oil or gas fuel and oxy-burners are
commonly used, heat from the burner is transferred to the refractory wall and the charge is
heated by the refractory during rotation.

Slags and metal produced during the process can be tapped from a tapping hole at the door end
or a the mid-point of the furnace. The tapping hole is orientated by partia rotation of the
furnace to maintain the separation of the metal and dag. Tapping from the door end alows
fume to be collected from a single enclosure and extraction system. Tilting rotary furnaces are
aso used, they show improved recovery rates for some feed stocks and can have less reliance on
fluxes.

A variety of metals can be smelted or melted in these furnaces.

2.6.4.7 The reverberatory furnace

This is a refractory lined, rectangular or circular bath furnace that is fired by wall or roof
mounted burners. Varieties of fuels are used and oxy-fuel burners can be used to increase the
melting rate. Extraction and treatment of the combustion gases is used and the furnaces are
partially sealed. Hoods and covered launders provide extraction during tapping and charging.

Slag or dross can be removed by raking or by tapping.

Many designs have large access doors that allow large objects to be charged. This introduces the
problem of sealing and extraction during charging. Water cooling of the doors can reduce this
problem by reducing warping of doors. Seadled charging carriages are used and charging pipes
can be used for concentrates. In a similar manner, door sealing can ke affected by material
being incorrectly charged to furnace. In some cases spilt metal or dag can solidify in the
opening or in other cases wire or cable can prevent the doors from closing properly.

The melting efficiency of a reverberatory furnace usually is not great because of poor heat
transfer from the burner. Efficiency has been improved in practice by the use of oxygen
enrichment or by using combinations of gas and solid fuel to extend the flame length.

These furnaces are used for batch melting, refining and holding a variety of metals.
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2.6.5 Summary of furnaces

Furnace Metals Used Material Used Comment

Steam coil dryer Cuand someothers | Concentrates

Fluid bed dryer

Flash dryer

Rotary Kiln Most metals for Ores, concentrates Drying, calcining and
drying. Fuming ZnO. | and variousscrap and | fuming applications.
Cdcining dumina, Ni | residues.
and ferro alloys.
Burning filmin Use as an incinerator.
precious metals.
Deailing Cu and Al
scrap

Flurdised bed. Copper and zinc Concentrates. Cdcining and
Al,O, Al(OH), roasting.

Up Draught sintering | Zinc and Tead. Concentrates and Sntering.

machine. secondary.

Down Draft sintering | Zinc and Tead. Concentrates and Sntering.

meachine secondary.

Sled Bdt sntering Ferro-dloys, Mn, Nb. | Ore. Other applications

meachine possible

Herreshoff Mercury and Oresand Roadling, cdcining.
refractory metalsMo | concentrates.

(rhenium recovery)

Table2.5: Drying, roasting, sintering and calcining furnaces
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Furnace Metals Used Material Used Comment
Enclosed refractory | Refractory  metals, | Meta oxides
lined crucibles special ferro-dloys
Open Pit Refractory  metals, | M&d oxides
special ferro-dloys.
Bayin Copper Concentrates
Electric Arc Furnace | Ferro Alloys Concentrates, ore
Contop/Cyclone Copper Concentrates
Submerged  Electric | Precious metals, | Jag, secondary | For the production of
Arc Furnace copper, ferro aloys. materias, ferro-aloys the open,
concentrates. semi closed and
closed types are used.
Rotary Aluminium, leed, | Scrap  and  other | Oxidation and
precious metas secondary reaction with
substrate.
Titing Rotary | Aluminium Scrap _and  other | Minmises At flux
Furnace secondary use.
Reverberaiory Aluminium,  copper, | Scrap and  other | Smdting of oxidic Cu
others secondary materia, refining.
Vanyucov Copper Concentrates
[SA Smet/Ausmet Copper, leaq, Intermedi ates,
concentrates and
secondary materials.
QSL Lead Concentrates and
secondary
Kivcet Lead Concentrates and
Copper secondary
Noranda Copper Concentrates
El Teniente Copper Concentrates
TBRC Copper (TBRC), | Most secondary Inc.
TROF Precious metas dimes
Mini Smelter Copper/Tead/tin Scrap
Blast Furnace and | Lead, l[ead/zinc, | Concentrates, most | For ferro-manganese
ISF copper, precious | secondary production it is only
metals, high carbon used together with
ferro-manganese. energy recovery.
Inco Hash Furnace Copper, nicke Concentrates
Outokumpu Flash | Copper, nickd Concentrates
Smelter
Mitsubishi Process Copper Concentrates and
anode scrap
Peirce Smith Copper (converter), | Maite and anode
Ferro-dloys, Med | scrap
Oxide Production
Hoboken Copper (converter) Matte and anode
scrap
Outokumpu Flash | Copper (converter) Matte
Converter
Noranda Converter Copper (converter) Matte
Mitsubishi Converter | Copper (converter) Matte

Table2.6: Smelting and converting furnaces

108




Chapter 2

Furnace Metals Used M aterial Used Comment
[nduction Most Clean metd and scrap. | Induced Slirring assists
dloying. Vacuum can
be applied for some
metals
Electron Beam Refractory metals Clean metal and scrap.
Rotary Aluminium, Tead Various scrap grades. | Fluxes and sdts used
for complex matrices.
Reverberatory Aluminium — (primary | Various scrap grades. | Bath or hearth
and secondary) configuration can vary.
Méeting or holding
Contimdlt Copper Copper anode and | Tntegrated furnace
clean scrap. system.
Shaft Copper Copper cathode and | Reducing conditions.
clean scrap.
Drum (Thomas) Copper Clean copper scrap Mditing, firerefining
Heated Crucibles | Lead, zinc Clean scrap. Mdlting, refining,
(indirect kettles) dloying.
Direct heated crucibles | Precious metals Clean metal Mdting, dloying.

Table2.7: Mdlting Furnaces

2.6.6 Electrochemical processes
2.6.6.1 Electro-winning

An dectrolytic cdl is used consisting of an inert anode of lead or titanium and a cathode, placed
in an aqueous electrolyte containing the metal solution. The cathode is ether a thin blank of
pure metal (starter sheet) or a former sheet made from stainless steel or aluminium (permanent
cathode plate). Meta ions pass from solution and are deposited onto the cathode, gases such as
chlorine or oxygen are evolved a the anode. Chlorine is collected in a sedled anode
compartment but oxygen is usualy released and may entrain some of the eectrolyte and
produce an acid mist, which may need to be collected and returned to the process. Depleted
electrolyte is normally returned to the process.

Copper, cobdt, nickd, tin, zinc and precious metals are produced in this manner. When using
permanent cathode plates the pure metal deposits can be stripped or scraped off, melted and cast
into the required shape.

2.6.6.2 Electro-refining

An dectrolytic cdl is used consisting of a cast anode of the metal to be refined and a cathode,
placed in an eectrolyte containing the metal solution. The cathode is either a thin blank of pure
metal (starter sheet) or a former sheet made from stainless steel (permanent cthode plate).
Metd ions are dissolved from the impure anode and pass into solution from where they are
deposited onto the cathode.

Copper, precious metals lead and tin are refined in this manner. When using permanent cathode
plates the pure metal deposits can be stripped or scraped off, melted and cast into the required
shape.
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During €electro-refining other metals contained in the anodes are separated, soluble metals are
dissolved in the dectrolyte and insoluble metals like the precious metals, Se and Te form an
anode dime that settles in the eectrolytic cells. Anode dimes are periodicaly removed from
the cells and the valuable metals recovered. In some cases anode bags are used to contain the
dimes.

A portion of the éectrolyte is bled from the system and other metals recovered from it.

2.6.6.3 Molten salt electrolysis

An éectrolytic cell is constructed using inert cathodes and anodes (steel or carbon) so that the
high electrolyte temperatures can be withstood. Molten meta is deposited at the cathode and is
removed periodically by vacuum or displacement. Gases such as chlorine or oxygen are
evolved at the anode; chlorine is collected and recycled or sold. For auminium, oxygen reacts
with the carbon anode, which is continuousdly consumed.

Molten salt electrolysis can be used to produce auminium, lithium, sodium and magnesium.

2.6.7 Hydrometallurgical processes

Acids and NaOH, sometimes aso Na,CO, are used to dissolve the metal content of a variety of
ores and concentrates before refining and electro-winning. The materia to be leached is usualy
in the form of the oxide, either as an oxidic ore or an oxide produced by roasting [tm 137,
Copper Expert Group 1998]. Direct leaching of zinc concentrate is aso done at both elevated
and atmospheric pressure. Some copper sulphide ores can be leached with sulphuric acid or
other media sometimes using natural bacteria to promote oxidation and dissolution, but very
long residence times are used. Air or oxygen or chlorine can be added to leaching systemsto
provide the appropriate conditions, and solutions containing ferric chloride are also used. The
solutions that are produced are treated in a number of ways to refine and win the metals.
Common practice is to return the depleted solutions to the leaching stage where appropriate to
conserve acids and akaline solutions.

2.6.7.1 Heap leaching

Open heap leaching is usudly carried out a the mine. Materid is crushed and ground to alow
intimate particle/acid contact and then formed into natural hegps on an impervious liner. Acid is
sprayed onto the heaps and percolates through the mass [tm 130, Chadwick 1994]. It is
collected on the liner and is re-circulated to alow the metal content to build up. Leaching time
of a single heap can vary from 100 days for copper oxide ore to 500 days for copper sulphide
ore.

2.6.7.2 Atmospheric leaching (open tank)

Atmospheric leaching of oxides and concentrates is carried out in open or partialy enclosed
tanks by re-circulating the mixture to maintain temperature and acid concentration. The system
is usually operated in a number of tanks in series. Thisis followed by sedimentation to separate
the residue and purification and winning of the metal solution. Some leach residues can be
leached further when the acid strength and temperature are increased. The use of a number of
leaching stages can improve the leaching efficiency but can result in the dissolution of more
impurities particularly iron, which subsequently has to be removed.
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2.6.7.3 Pressure leaching (autoclave)

Pressure leaching or autoclaving can be carried out as a complete leaching process or as part of
a series of leaching stages. Acid or alkaline resistant pressure vessels are used and liquor is re-
circulated to alow the reactions to proceed. Oxygen, air or chlorine can be added to increase
oxidation. Pressure reduction stages can result in the production of acid mists and they are
designed to contain them.

2.6.7.4 Solvent extraction

Metals can be extracted from agueous solutions with certain organic solvents that are insoluble
in water. The aqueous and organic phases are dispersed in each other and by controlling the pH
of the mix and the complexing agent used, the target metal is selectively extracted into the
organic phase. After phase separation a pure metal solution is obtained by re-extracting the
metal from the organic phase into a secondary aqueous phase (stripping), from which the metal
can be won in different ways. The following figure shows the principle for such a process.

4 Raffinate ‘Strigged organic ‘ Spent electrolyte

|’ Extraction ' Stripping ? Electrowinning
Pregnant leach solutio Loaded organic Advanced electrolyt

f f

cu” +2LH P cule +2H" Cuz +2H —ppcu” +2LH
aq org org ag org ag aq org

Figure 2.23: Solvent extraction (SX) processing stages

2.6.8 Process control techniques

The principles of Best Available Techniques include the concepts of how a process is designed,
operated, controlled, manned and maintained. These factors alow good performance to be
achieved in terms of emission prevention and minimisation, process efficiency and cost savings.
Good process control is used to achieve these gains and aso to maintain safe conditions.

Process operation and control has developed recently in this sector and is applied to a variety of
processes. The following techniques are used: -

Sampling and andysis of raw materias is commonly used to control plant conditions. Good
mixing of different feed materials should be achieved to get optimum conversion efficiency and
reduce emissions and rejects.

Feed weighing and metering systems are used extensively. Loss in weight silos, belt weighers
and scale weighers are use extensively for this purpose.

Microprocessors are used to control material feedrate, critica process and combustion
conditions and gas additions. Several parameters are measured to allow processes to be
controlled, darms are provided for critical parameters: -

On-line monitoring of temperature, furnace pressure (or depression) and gas volume or flow
IS used.

Gas components (O,, SO,, CO) are monitored.

Ontline monitoring of vibration is used to detect blockages and possible equipment failure.
Ontline monitoring of the current and voltage of eectrolytic processes.

On-line monitoring of emissions to control critical process parameters.
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Monitoring and control of the temperature of melting furnaces to prevent the production of
metal and metal oxide fume by overhesting.

Process gases are collected using sealed or semi-sedled furnace systems. Interactive, variable
speed fans are used to ensure that optimum gas collection rates are maintained and can minimise
energy costs.

Solvent vapours are collected and recovered as far as possible. Further removal of sdvent
vapours is practised to prevent the emission of VOC and odours.

Operators, engineers and others should be continuoudly trained and assessed in the use of
operating instructions, the use of the modern control techniques described and the significance
of and the actions to be taken when alarms are given.

Levels of supervision are optimised to take advantage of the above and to maintain operator
respongibility.
Environmental management and quality systems are used.

Hazard and operability studies are carried out at the design stages for all process changes.

Robust maintenance systems are used. There is growing use of dedicated maintenance staff
forming part of the operator teams who supplement the dedicated maintenance teams.

Genera comments on some process design aspects are given in various sections of this
document; these design aspects are used commonly in this sector. Full process design is
approached with care using professional engineers who have experience and knowledge of the
process and of the environmental impact and requirements.

Slag, metal and matte are analysed on the basis of samples taken at intervals. On-line andysis of
these streams is an emerging technique.

For some processes special regulations such as the Seveso or Waste I ncineration Directives may
have to be taken into account.
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2.7 Off Gas Collection Techniques

The process steps involved in the production of non-ferrous metals involve the potential
production of dust, fume and other gases from material storage, handling and processing. The
techniques for the prevention of fugitive emissions from the storage and handling stages are
covered earlier in this chapter and this section deals with process gases. The techniques
involved follow the hierarchy of prevention, minimisation and collection of fume.

Furnace sedling (or the use of sedled furnaces) combined with process control is the technique
that should be applied to wherever possible to prevent or contain emissions from process plant.
The section covering furnaces indicates where furnace sealing is possible and where other
collection techniques may be used to provide integral gas collection.

Other techniques are available to collect the emissions that are not preventable or contained [tm
75, Theodore 1994; tm 76, Scapa 1998; tm 78, IEA 1997; tm 79, Soud 1995]. Gases and fume
that escape from the processes are released into the working area and then escape into the
surrounding environment. They therefore affect operator health and safety and contribute to the
environmental impact of the process. Process gas collection techniques are used to prevent and
minimise these fugitive emissons.

Fugitive emissions are very important but are hard to measure and quantify. Methods of
estimating ventilation volumes or deposition rates can be used to estimate them. One reliable
method has been used over a number of years at one site [tm 163, Steudtner 1998]. The method
that is used to measure the volume and composition of fugitive dust emissions has proved to be
rigble [tm 161, Petersen 1999] and the results of the monitoring exercise are reproduced
beow. The results show that the magnitude of fugitive emissions can be much more significant
than collected and abated emissions. The lower the controlled emissions, the more significant
the fugitive emissions. Fugitive emissions can be more than two to three times the quantity of
controlled emissions.

Dust emission kg/a
Before additional After additional
secondary gas secondary gas
collection (1992) collection (1996)*
Anode production Va 220000 325000
Fugitiveemissons: -
Tota Smelter 66490 32200
Smédter roofline 56160 17020
Controlled emissons
(Primary smelter): -
Smelter/acid plant 7990 7600
Secondary hoods stack 2547 2116

Note. * Emissions after an investment of 10 million Eurosto give an improved fugitive gas
capture and treatment system. Additional energy = 13.6 GWh/a

Table 2.8: Comparison of abated and fugitive dust loads at a primary copper smelter
[tm 161, Petersen 1999]

Light detection and ranging techniques (LIDAR) may also be used to measure some fugitive
gaseous components such as SO, and VOCs.
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2.7.1 Applied techniques

Dust, fume and gases are collected by using sedled furnace systems, by total or partiad enclosure
or by hooding [tm 75, Theodore 1994]. Seded furnaces can be charged from sealed lance or
burner systems, through hollow electrodes, through hoods or tuyeres or by docking systems that
sed onto the furnace during charging. Hoods are designed to be as close as possible to the
source emission while leaving room for process operations. Movable hoods are used in some
applications and some processes use hoods to collect primary and secondary fume.

2.7.1.1 Use of energy

Gas collection requires the movement of significant volumes of air. This can consume vast
amounts of electrica power and modern systems focus the design on capture systems to
increase the rate of capture and minimise the volume of air that is moved [tm 124, DFIU Cu
1999]. The design of the collection or hood system is very important as this factor can maintain
capture efficiency without excessive power consumption in the remainder of the system. Sedled
systems such as sealed furnaces can alow avery high capture efficiency to be attained.

Ducts and fans are used to convey the collected gases to abatement or treatment processes. The
effectiveness of collection depends on the efficiency of the hoods, the integrity of the ducts and
on the use of a good pressure/flow control system. Variable speed fans are used to provide
extraction rates that are suitable for changing conditions such as gas volume, with minimum
energy consumption. The systems can aso be designed to take account of the characteristics of
the plant that it is associated with, e.g. the abatement plant or sulphuric acid plant. Good design
and maintenance of the systems s practised.

2.7.1.2 Design criteria

Collector systems and extraction rates are designed on the basis of good information about the
characteristics of the material to be collected (Size, concentration etc), the shape of the dust
cloud at the extremes of operation and the effects of volume, temperature and pressure changes
on the system.

Correct measurement or estimation of the gas volume, temperature and pressure are made to
ensure that sufficient rates of extraction are maintained during peak gas flows. Some of the
characteristics of the gas and dust are also critical to good design to avoid problems of abrasion,
deposition, corrosion or condensation and these are measured. Another significant factor is the
provison of access to furnace filling or tapping areas while maintaining good rates of
collection, operator experience is used at the design stage to provide this.

2.7.2 Techniques to consider in the determination of BAT

2.7.2.1 Some examples of the techniques to consider

The techniques to consider are based on the application of the principles of good practice
recorded above. Good practice relies on the professonal design and maintenance of the
collection systems as well as on-line monitoring of emissons in the clean gas duct. The
following examples are used to illustrate good practise, it is not an exhaustive list and other
examples may also be applicable.

The use of sealed furnaces can contain gases and prevent fugitive emissions. Examples are
seded smelting furnaces, sealed electric arc furnaces and the sedled point feeder cell for
primary aluminium production. Furnace sealing gill relies on sufficient gas extraction rates
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to prevent pressurisation of the furnace. The point feeder cdl illustrated is usudly
connected to a well-sized extraction system that provides a sufficient rate of extraction to
prevent the escape of gases during the opening of cell covers for short periods e.g. anode
changes.

This technique is applicable to new or extensively modified processes only.
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Figure 2.24: Point feeder prebake anode cell

The use of sealed charging systems for the furnaces to prevent fugitive emissions during
furnace opening. Examples are the use of charging skips that seal against a furnace feed
door and the use of through-hood charging systems. These techniques may be applicable to
some new and existing processes particularly for non-continuous processes.

An important established practise to achieve good extraction is the use of automatic controls
for dampers so that it is possible to target the extraction effort to the source of fume without
usng too much energy. The controls enable the extraction point to be changed
automatically during different stages of the process. For example, charging and tapping of
furnaces do not usualy occur at the same time and so the charging and tapping points can
be designed to be close together so that only one extraction point is needed. The extraction
point is also designed to allow good access to the furnace and give a good rate of extraction.
The hooding is constructed robustly and is maintained adequately .

An example of this is an adaptation of a short rotary furnace. The feed door and tapping
holes are at the same end of the furnace and the fume collection hood allows full access for
a dag ladle and feed conveyor, it is aso robust enough to withstand minor impacts during
use.
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Figure 2.25: Coincident charging and tapping system

This principle is easily applied to a short rotary furnace but the principle of targeting the
extraction effort to a changing source of fume is aso be achieved by automaticaly
controlling dampers to extract the main source of fume during the operating cycle eg.
charging, tapping etc.

The short rotary furnace and the TBRC may a so be totally enclosed.

These techniques may be applicable to al new and existing processes particularly for non-
contiNUOUS Processes.

If sealed furnaces are not available for example when retrofitting an existing open furnace,
maximum sealing to contain furnace gases can be used.

bag-filter

casting

Figure 2.26: Fourth holefume collection

An example of this is the use of a “fourth hole” in the roof of an eectric arc furnace to
extract the process gases as efficiently as possible and is shown in the above figure.

Maintenance of the collector hood, the ducts, the filter system and the fan is vita to ensure
that collection or extraction rates remain at the designed level. Physical damage from
collision or abrasion, deposition in ductwork and deposition on fan blades are some of the
problems that can be encountered. Regular inspection and preventative maintenance is used
to ensure this. Thistechnique is applicable to all new and existing processes.
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The collection of gases from a batch converter can be difficult as ladle transfers interfere
with the collection hoods. Some ingtallations collect dl of the fume from the roof-line at
the expense of a high energy cost. Another installation uses a system of up to 3 hoods in
addition to the main hood. These hoods can be connected either to the sulphuric acid plant
(hood 1) or to the secondary cleaning system (hoods 2 & 3). During filling and pouring
operations the individua hoods are motor driven to the postions that ensure optimal
collection efficiency. The gas treatment system is shown later in figure 2.28.

Suction
]
Py /
/ Secondary hoods
1 Main hood
/’_ i
| Seal/ONas
|

Figure2.27: Secondary hooding system for a converter
[tm 201, Velten 1999]

2.7.2.2 Fugitive emissions

Good extraction is used to prevent fugitive emissions as illustrated above but some systems
cannot cdlect al of the process gases and they are emitted into the workspace and are then
exhausted from roof vents. These emissions are notorioudly difficult to measure but there are
techniques that can be used effectively.

Environmental samples can be taken to measure the impact of fugitive emissions. In this
case samples of air or dust are collected at a series of points determined by an atmospheric
modelling exercise. Correlation with atmospheric conditions is needed to estimate releases.

Fugitive releases from a building such as a furnace room can be measured by taking
samples from the building ventilators. The flow of gases from the ventilators can be
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estimated by measuring the temperature difference between the flow from the ventilators
and the ambiert air [tm 163, Steudtner 1998].

As reported above, fugitive emissions can be highly significant, therefore if fugitive emissions
cannot be prevented or minimised to an acceptable level, secondary fume collection systems can
be used as illustrated by the examples below.

a) Some furnaces can be equipped with secondary hoods in order to prevent fugitive emissions
during charging or tapping as described above. The fan suction is provided directly at the
source of fume to optimise the reduction of fugitive emissions.

Alternatively, the air could be extracted at the roof ventilator, but a large volume of air
would have to be handled which might not be cleaned effectively in a fabric filter. Other
disadvantages are high energy consumption, high investment, more waste (used filter
media). Secondary fume collection systems are designed for specific cases. Energy use can
be minimised by automatically controlling the point of extraction using dampers and fan
controls so that the systems are deployed when and where they are needed, for example
during charging or during “roll out” of a converter.

Secondary hoods of
flash smelting furnace Dust and used filter media Cleaned
Trecycled to flash smelting furnace off.gas

Secondary hoods of Off-gas conditioning

electric furnace and fabric filter 7 \

4

Secondary hoods of Ca(OH)Z.|-

converters Cleaned

Dust and used filter media off—gas
Trecycled to flash smelting furnace

Off-gas and secondary *
hoods of anode furnac Fabric filter

Dust and used filter media
Hoods for auxiliary recycled to flash smelting furnace
devices e.g. loading

station

Fabric filter

Secondary hoodof
flash smelting furnace

Figure 2.28: Outline secondary fume collection system for a primary copper process
[tm 124, DFIU Cu 1999

In the above process the air flow rate is controlled via a closed-cycle control system by reducing
dampers. Ventilator fans with speed control are used in order to minimise the energy
consumption. 580000 N*/h of secondary gases are captured and cleaned in fabric filters. 13.6
GWh/a of eectrical energy are consumed and 700 kg of dust is collected per hour [tm 124,
DFIU Cu 1999].

b) The following example shows how tapping fume from a blast furnace can be collected by a
secondary fume collection system.

The de-dusting equipment is composed of various hoods located above the tap hole of a blast
furnace, the main meta runner and the device where the liquid meta is poured into the torpedo
ladle. The collected fume is cleaned in a separate bag filter. The hooding system (viewed from
the top of the blast furnace) is shown in the following figure.
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Figure2.29: Tap-hole fume collection

[tm 195, SFPO 1999
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2.8 Air Abatement and Recovery Techniques

Collected gases are transferred to abatement plant where contaminants are removed and some
components recovered. Dust and acid gases are commonly removed and valuable or toxic metal
components are recovered for use in other processes. The design of the abatement process is
critical, factors such as efficiency, suitability of the method and the input and output loading of
the material to be collected are used.

2.8.1 Applied processes and techniques

The following abatement techniques are used in the non-ferrous metal industry, their operating
principles are given.

2.8.1.1 Dust and particle removal

The following techniques are used for the removal of particles such as dust and fume from the
various processes used by the Industry.

2.8.1.1.1 Electrostatic precipitators

The electrostatic precipitator (EP) is used extensively in the industry and is capable of operating
over awide range of conditions of temperature, pressure and dust burden. It is not particularly
senditive to particle size, and collects dust in both wet and dry conditions. Corrosion and
abrasion resistance is built into the design [tm 75, Theodore 1994; tm 78, IEA 1997; tm 79,
Soud 1995: tm 222, VDI 3678 1998].

The EP consists of a series of high voltage discharge eectrodes and corresponding collector
electrodes. Particles are charged and subsequently separated from the gas stream under the
influence of the eectric field generated between the electrodes. The electricd field is applied
across the dectrodes by a small direct current at a high voltage (100kV). In practice an EPis
divided into a number of discrete zones (up to 5 zones are commonly used).

Particles are removed from the gas stream in four stages.

application of an electrical charge to the dust
placement of the charged dust in an electricd fied
capture of the dust onto the collecting electrode
removal of the dust from the surface of the electrode

The discharge eectrodes must be rapped or vibrated to prevent dust build-up and their
mechanical strength must be compatible with transmission of the rapping blow or vibration.

The mechanica reliability of the discharge electrodes and their supporting frame is important as
asingle broken wire can short out an entire electrical field of the precipitator.

The performance of an EP follows the Deutsch Formula, which relates efficiency to the total
surface area of collector eectrodes, the volumetric flow rate of the gases and the migration
velocity of the particles. Therefore, for a given dust, maximising the surface area of the
collector electrodes is very important and current practice is to use wide electrode spacing. This
practice relies in turn on good rectifier design and control.

The industry uses good rectifier design, which includes the use of separate rectifier sections for
each zone or portion of a zone of the EP. This alows the applied voltage to be varied in the
inlet and outlet zones to take account of the reduced dust load towards the outlet and gives the
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ability to operate the zones a progressively higher voltages without sparking. Good design is
also practised by the use of automatic control systems. They maintain the optimum high tension
(HT) voltage applied to the electrodes in a particular zone without sparking. An automeatic
monitor is used to gpply the maximum voltage without sparking and constantly varies the HT.
Fixed HT power supplies are unlikely to provide optimal collection efficiencies.
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Figure 2.30: Typical arrangement of an electrostatic precipitator (only two zones shown)
[tm 198, Lurgi 1999]

The resistivity (the inverse of the conductivity) of the dust is particularly important. If it is too
low the particles reaching the collector electrode lose their charge easily and dust re-entrainment
can occur. When the dust has too high a redstivity an insulating layer is formed on the
electrode, which hinders norma corona discharge and leads to a reduction of the collection
efficiency. Most dusts have a resistivity within the correct range and collection can be
improved by conditioning the dust. Ammonia and sulphur trioxide are commonly used. The
resistivity can also be reduced by reducing the gas temperature or by adding moisture to the gas.

The EP usually does not achieve final dust concentrations as low as those achieved by a fabric
filter. To achieve the best performance from a precipitator the gas flow through units are
optimised to give a uniform flow to prevent gas bypassing the electrical field. Correct design of
inlet ducting and the use of flow distribution devices within the inlet mouthpiece are used to
achieve uniform flow at the inlet to the precipitator. Under these circumstances dust emissions
intherange 5 - 15 mg/Nn? can be achieved.

2.8.1.1.2 Wet electrostatic precipitator

Wet electrostatic precipitators operate on the same principles. In this case the collected dust is
removed from the collector plates by flushing with a suitable liquid, usudly water, either
intermittently or by continuous spray irrigation. They offer advantages with certain dusts that
adhere to conventiona plates or when other components in the gas stream interfere with the
operation for example in the case of a cool, damp gas. A liquid effluent is produced that
requires further treatment.
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Figure2.31: Wet electrostatic precipitator
[tm 198, Lurgi 1999]

2.8.1.1.3 Cyclones

Cyclones were installed in many of the processes in the 1980s and are still in widespread use.
The cyclone is an inertiad gas-cleaning device. Dust becomes separated from the gas stream
when the direction of gas flow is changed and the dust continues in the origina direction by
virtue of itsinertiaand is deposited on a collection surface.
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Raw
gas
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Figure 2.32: Arrangement of a cyclone
[tm 198, Lurgi 1999]
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The inlet gas is channelled into a spiral flow. Centripetal forces operating within the spiral
provide the change of direction, and the particles above a critica mass will be deposited on the
cyclonewalls.

Cyclones are not generdly suitable for controlling emissions directly from the processes in this
industry sector. The efficiency in collecting fine dust is too low to dedl effectively with furnace
releases. Operational experience has shown that they are not capable of meeting modern release
standards. However, cyclones are used effectively as a primary collector in conjunction with
another technique, particularly on larger processes where throughput can vary [tm 75, Theodore
1994; tm 220, VDI 3476 1990].

2.8.1.1.4 Fabric or bag filters

Fabric filter systems are used for many applications within this industry sector, due to their high
efficiency in controlling the fine particulate matter encountered in melting operations [tm 75,
Theodore 1994; tm 79, Soud 1995; tm221, VDI 3677 1997]. However, due to their tendency to
blind in certain circumstances and their sengtivity to fire, they are not suitable for al
applications. Settling and cooling chambers but also waste heat recovery boilers are used before
bag-houses to reduce the likelihood of fires, to condition the particles and to recover the heat
content of the off-gas before de-dugting.
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Figure 2.33: General arrangement of afabricfilter (with one compartment in the cleaning cycle)
[tm 198, Lurgi 1999]

The basic principle of fabric filtration is to use a fabric membrane which is permeable to gas but
which will retain the dust. The bags are usually supported on a meta frame and each bag will
incorporate a method of sealing into the bag house structure. Initialy, dust is deposited both on
the surface fibres and within the depth of the fabric, but as the surface layer builds up it itself
becomes the dominating filter medium. As the dust cake thickens, the resistance to gas flow is
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increased. Periodic cleaning of the filter mediais therefore necessary to control the gas pressure
drop across the filter. The direction of flow of the gas to be treated can be either from the insde
of the bag to the outside or from the outside of the bag to the inside.

Fabric filters are normally classified according to the method by which the filter media are
cleaned. Regular dust remova from the fabric is important in order to maintain effective
extraction efficiency, but it aso influences the operating life of the fabric.

The most common cleaning methods include reverse air flow, mechanical shaking, vibration
and compressed air pulsing. Acoustic horns are also used for the cleaning of bags. The normal
cleaning mechanisms do not result in the fabric returning to its pristine condition and the
particles deposited within the depth of the cloth help to reduce the pore size between the fibres,
thus enabling high efficiencies to be achieved on sub-micron fumes.

L 9 L] L L]
1 Faw gas inlet 4 Clean gas space 7 Compressed air reservoir
2 Ballle plate 5 clean gas duct 8 Mozzle lance
3 Filter bags & Diaphragm valve 8 Dust happer

Figure 2.34: Reversepulsed jet cleaning system
[tm 198, Lurgi 1999]

Fabric filters are designed on the basis of anticipated filtration velocity which is defined as the
maximum acceptable gas velocity flowing through a unit area of fabric (m?/s + n¥ - expressed
inm/s). Filtration velocities generdly lie in the range 0.01 to 0.04 m/s according to the
application, the filter type and the cloth.

Fabric selection takes into account the composition of the gases, the nature and particle size of
the dust, the method of cleaning to be employed, the required efficiency and economics. The
gas temperature is also considered, together with the method of gas cooling, if any, and the
resultant water vapour and acid dew point.
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Characterigtics of the fabric considered include chemica resistance, fibre form and type of yarn,
fabric weave, fabric finish, abrason and flex resistance, strength, collecting efficiency, cloth
finishes and cloth permeability.

A comparison of the most commonly used parameters of different filter systems is shown in the

following table [tm 144, Elkem 1998].

Parameter Pulse Jet Filter Membrane Fibre- | FibreGlassFilter
Glass Filter
Alr to cloth ratio 8090 m/h /0—-90 m/h 30— 35m/h
Temperature 200°C 280°C 280°C
limits
Bag type PolyesterfNomex® Gore-Tex® Fibre glass
membrane/fibre glass
Bag Sze 0.126 x 6.0 m. 0.292x10m 0.292x10m
Cloth area per bag 2.0nr 9.0nr 9.0nr
Cage Yes No No
Pressure drop 2.0kPa 2.0kPa 2.5 kPa
Bag life Up to 30 months 6—10 years 6—10yeas

Table2.9: Comparison between different bag filter systems
[tm 144, Elkem 1998]

Wear of the filter bags results in a gradual reduction in performance, which can be measured.
Damage or catastrophic failure of several bags is a danger when corrosion occurs, abrasive
materid is filtered or when there is the danger of fire. Simple on-line monitoring systems such
as pressure drop indicators or dust telltale devices give only arough indication of performance.

Triboelectric or optical devices are used to measure the trend in the dust emitted from the bag-
house to identify possible failure and they can be used to detect dust peaks during a cleaning
cycle. When these measurements are integrated with a zoned cleaning system the zone that
contains damaged bags can be identified and loca repairs made [tm 126, Robson 1998].
Temperature measurement and alarms are also used.

There exist a number of different bag filter designs using different kinds of filter materids,
which in principle al achieve low emission values that means dust emissions below 5 mg/Nn.
The use of the membrane filtration techniques (surface filtration) results additiondly in an
increasing bag life, high temperature limit (up to 260 °C) and relatively low maintenance costs.
The membrane filter bags consist of an ultra-fine expanded PTFE membrane laminated to a
backing material. The particles in the off-gas stream ae captured on the bag surface. Rather
than forming a cake on the inside or penetrating into the bag fabric, particles are repelled from
the membrane thus forming a smaler cake. This technique is applicable for all new and existing
plants and may aso be used for rehabilitation of existing fabric filtergtm 144, Elkem, 1998].

These synthetic filter cloths such as Gore-Tex® and Tefaire® (Teflon/Fibreglass) have enabled
fabric filters to be used in a wide range of applications and to have an extended life. The
performance of modern filter materiads under high temperature or abrasive conditions has
improved recently and cloth manufacturers can help to specify the materia for specific
applications. With the correct design and suitable dust, very low dust emissions (< 1 mg/Nn)
are achieved and greater life and reiability repay the expense of modern fabrics.
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Bag house filters in some ferro aloy processes use pressure filters with fans on the dirty
fume/gas side. Recent developments have led to a closed suction filter with fans on the clean+
gas side. Thistechnique is used in most of the other metal sectors and combines the advantages
of gentle bag cleaning that means longer bag life, low operating and maintenance costs and due
to the closed filter a defined gas volume[tm 144, Elkem, 1998].

2.8.1.1.5 Ceramic and metal mesh filters

There are severa examples where these filters are used in the correct application in this industry
[tm 76, Scapa 1998] and very high dust remova efficiencies are achieved. Fine particles
including PM,, are removed.

Low-density ceramic filters operate in a similar manner to bag filters as far as operating
principles, genera arrangement and cleaning operations are concerned. Instead of cloth bags
and their meta supports, rigid elements that resemble candle filters are used. They have a high
degree of thermal resistance and it is often the limitations of the housing that determines the
upper operating temperature. Expansion of the support system as temperature rises is aso a
major factor as the sealing of the filter eements in the housing can be affected, resulting in leaks
from the “dirty” gas stream into the clean gas stream. On-line failure detection systems are used
in the same way as bag filters.

Ceramic filters are made from dumino slicates and can be pre-coated with a variety of
materials to improve chemica or acid resstance. The filter elements are relatively easy to
handle when new but become brittle after exposure to heat and can therefore be broken during
maintenance or by violent attempts to clean them.

The presence of “sticky” dustsis aso a potential problem as they may not be cleaned from the
element during the norma cleaning cycle and would cause a significant increase in pressure
drop. The effect of temperature on the material to be collected is therefore an important factor
in the design of a plant. With the correct design and suitable dust, very low dust emissions down
to 0.1 mg/Nn? are achieved.

Similar performance a high temperatures has also been reported using a re-designed meta
mesh filter. The development allows the rapid establishment of a dust cake layer after cleaning
while the zone is "off-ling".

2.8.1.1.6 Wet scrubbers

Particle collection by liquid scrubbing occurs by three main mechanisms. inertia impacting,
interception and diffuson. The particle size to be collected is an important factor [tm 75,
Theodore 1994; tm 223, VDI 3679 1998] and the wet-ability of the materia to be collected can
also be significant.

Experience shows that the efficiency of wet scrubbers is strongly dependent upon their total
energy usage, particularly upon the pressure drop across the collection zone. Moreover,
provided the liquid is evenly dispersed within the scrubber, smilar pressure drops will often
give similar efficiencies on the same dust for quite different scrubber designs. Thus, it is not
possible to design a wet scrubber that has high efficiencies without a high-energy consumption
unless the dust concerned is particularly easy to wet. A variety of designs for high-energy
scrubbers exist based on radia flow, jet, venturi and cascade principles and scrubbers have an
application with dusts that are difficult to remove with other techniques. In genera the gases
are then used in another process (e.g. as afuel gas) and are not emitted. They are al'so used in
conjunction with wet EPs to cool and clean gases before contact sulphuric acid plants and to
absorb acid gases. Thisisreported later in 2.8.1.2.
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1 Rew gas inlet 1 Raw gas inlet

2 Clean gas outlet 2 Clean gas outlat

3 Serubbing liquid feed 3 Scrubbing liquid feed
4 Serubbing liquid drain 4 Scrubbing liguid drain
5 Adjustable ring 5 Adjustabla ring

B Diffugor & DiHusor

7 Spin vanes T Spinvanes

Figure 2.35: Radial flow scrubber
[tm 198, Lurgi 1999]

Cascade wet scrubbers are often used for the de-dusting of CO rich off-gases from sealed
electric arc furnaces, the gasis used as high CV gas. It is also used to treat gases from a steel
belt sintering machine, the dust is very abrasive but easily wetted and < 4 mg/Nn7 has been
achieved, the use of scrubber alows gas cooling to be achieved at the same time as dust
removal. Bag filter life would be severdly restricted and rapid fabric wear would result in poor
performance.

2.8.1.1.7 Afterburners and flares

Combustion systems are used in the industry to oxidise CO, particulate or gaseous carbonaceous
materia in a gas stream [tm 217, VDI 2442 1987; tm 218, VDI 2443 1995; tm 220, VDI 3476
1990]. Three types are used:

High temperature afterburners, where the gases are typically heated to between 850°C to
1000°C and held for a minimum of 0.5 seconds (provided there are no chlorinated
components) and the results can confirm destruction of VOC present. Afterburners employ
a burner system (not necessarily used continuously) and can employ a regenerative system
to utilise the therma energy in the gas and carbon compounds by using refractory support
beds. A manifold system is needed to change the direction of the gas flow to clean the bed.

Catalytic incinerators, where the decomposition is carried out on a metal catalyst surface at
lower temperatures, typically 350°C to 400°C.

Flares designed to burn waste gases e.g. excess CO.
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Afterburners destroy organic @mpounds including dioxins by therma oxidation and produce
dust, carbon dioxide, water, oxides of sulphur and nitrogen, and other combustion products.
Further abatement is necessary to remove these products.

Afterburners are particularly useful in de-oiling and de-coating operations, which can produce a
high concentration of organic components. The presence of these components in a furnace
produces a high volume of combustion products and would result in a very short residence time
in afurnace and the emission of partially combusted gases.

2.8.1.2 Gas scrubbing systems

Gases such as NH;, SO,, HF, HCI and NO, are produced in severa processes, for example
sulphur dioxide is produced during smelting and hydrogen fluoride is produced during
electrolysis. Prevention and reduction techniques are available for these gases [tm 224, VDI
3927 1998]. Reduction of these gases is often possible by process control or fixing the materia
inadag or matte. The use of low NO, burners and staged combustion air for furnaces and other
combustion plant can prevent the formation of these gases.

Organic components and dioxins and some metallic components can aso be emitted from some
processes and can be adsorbed using similar techniques.

The following techniques are used to remove gaseous components. More information is given
in the metal specific chapters.

2.8.1.2.1 Wet scrubbing

Wet scrubbing systems are used in the industry to remove gaseous components at low
concentrations, to remove particles and aso to control temperature (by adiabatic cooling). Whilst
the basic technology for these applications is similar, the design criteria for particulate and
gaseous component removal arevery different. Wet scrubbing systems are often used for all three
processes smultaneously and so the design is inevitably a compromise and significant cross media
effects such as the production of additional wastewater may result depending on the application.
Some processes used elsewhere in the world for SO, removal have adud akaine medium and
use lime as the second medium to regenerate the alkali and remove sulphate as gypsum, which is
sold.

Various scrubbing media are used ranging from seawater to akali solutions. The application for
which a scrubber is used determines the factors that should be measured to monitor performance.
The parameters that are used include; pressure drop and liquor flow, temperature, turbidity,
conductivity and pH [tm 12, HMIP Zn 1993; tm 14 HMIP Pb 1993]. Potentially significant cross
media effects exist and need to be taken into account locally.

2.8.1.2.2 Dry and semi-dry scrubbers

Adsorption techniques such as dry scrubbing are used to absorb acid gases and adsorb metallic
or organic components. Lime, magnesium hydroxide, limestone, zinc oxide and aumina are
frequently used for both applications and dua akaline scrubbers are used elsawhere in the
world. Activated carbon (or coke) is used to remove metal (mercury) and organic substances,
for which it is usualy more effective.

Adsorption is achieved using packed towers or by injecting the reagent into the gas stream and
using a reactor tower. Bag filters are most frequently used down stream to collect the partially
reacted scrubbing medium and provide a further surface area for further absorption to take
place. The scrubbing medium can be recycled severa times within the scrubbing network to
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alow full use of the absorptive and adsorptive capacity. In the case of alumina and zinc oxide,
they are subsequently used in the main process. Fluorides absorbed by alumina are recovered
by the electrolysis process.

A variant on dry scrubbing is semi-dry scrubbing. In this case a durry of the reactant (usualy
lime) is injected into a reactor with the gas stream. The water is evaporated, provided the gas
temperature is high enough and the gaseous components react with the particles. The particles
of the reacted reagent are then removed from the gas stream. Dry scrubbing is often less
effective than wet or semi-dry scrubbing, particularly with less reactive gases such as SO,. The
effectiveness of the reactant is often related to the "reactivity” of the reagent and suppliers of
lime can often produce material at a reactivity that is suitable for certain applications.

When these processes are used to remove SO, they are known as flue gas de-sulphurisation
(FGD). They are used to reduce the SO, content of gases from anode furnaces and other low
strength sources and for tail gas scrubbing of the gases from a sulphuric acid plant. Gypsum is
produced and can be sold in some circumstances.

2.8.1.3 Gas recovery systems

In addition to the use of wet, dry and semi-dry scrubbing systems to remove gaseous
components reported above, this industry makes extensive use of recovery systems to recover
gases from process gas streams. HCI can be absorbed in water and NO, can be absorbed in
water or hydrogen peroxide.

The following examples are used in the industry to close the material cycles: -

a) The hydrochloric acid loop: - For processes involving dissolution, hydrochloric acid, HCl, is
used in combination with excess chlorine. By using evaporation and collection in water, an
azeotropic acid (in concentrations about 20% w/w) is obtained. Thisisre-used in different parts
of the process.

b) The nitric acid loop: - Silver and paladium are often dissolved in nitric acid, HNO;. A
significant quantity of nitrogen oxide off-gases (NO and NO,) can be captured with oxygen or
hydrogen peroxide in specia cascade scrubbers. Problems are encountered by the long time
needed to oxidise small quantities of NO and the reduction of gas absorption by exothermic
reactions. Therefore cooling and several combined scrubbers are necessary to reach the limit
values avoiding brown fumes from the stack. The resulting nitric acid from the first scrubber
usually has concentrations about 45% by weight and can be reused in several processes.

c) The chlorine loop: - Chlorine is used in wet processes to dissolve metas and in dry
chlorination steps at elevated temperatures to refine them. In both cases closed systems are used,
e.g. using U-tubes with water and sealed electrolytic cells. Chlorine gas can be recovered or
hypochlorite solutions produced. Hypochlorite is adso used as an oxidisng agent in scrubber
solutions for various refining processes.

d) The ammonium chloride loop: - The reatively smdl solubility of ammonium chloride,
NH,Cl, in evaporated solutions a room temperature makes it possible to reuse crystaline
precipitates of this sat.

2.8.1.4 Sulphur capture

Sulphur that is present in raw materials can be incorporated into dags or mattes using
appropriate reagents, mattes can be used in the processes. Sulphur that is not captured in the
matte or dag from a smelting process is usualy present as SO, and can be recovered as
elementa sulphur, liguid SO,, gypsum or sulphuric acid. The presence of markets for these
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products influences the choice of end product but the most environmentally safe option is to
produce gypsum or elemental sulphur in the absence of reiable outlets for the other products.
Sulphur dioxide is produced from roasting and smelting of sulphide concentrates and the
associated conversion processes. These processes are operated so that the maximum
concentration of sulphur dioxide is produced to improve the efficiency of sulphur recovery. The
recovery of sulphur eiminates cross media issues.

The following techniques are available for sulphur recovery [tm 24, DFIU Sulphur 1996]: -
a) Gaseswith up to 1% sulphur dioxide.

The Welman-Lord re-generable process involves the reaction of weak gases with sodium
sulphite and water to produce sodium bisulphite. Concentrated sulphur dioxide can be stripped
from this solution and liquid sulphur dioxide produced or other products made such as sulphur.

2,3-dimethylaniline (DMA) (Asarco process) scrubbing can absorb sulphur dioxide, which is
then removed by reaction with water to produce sulphuric acid or liquid sulphur dioxide.

Peracidox process, oxidation with hydrogen peroxide to produce sulphuric acid.
Sulphacid process, oxidation with an active carbon catalyst to produce sulphuric acid.

Flue gas de-sulphurisation (FGD) in a dry or semi-dry scrubber using lime to produce gypsum.
This system is used extensively in power plants.

Double akaline scrubbing with caustic soda absorption and gypsum precipitation.
Alumina absorption and gypsum precipitation (Dowa process).

Magnesium sulphate precipitation.

b) Gases with higher concentrations of sulphur dioxide.

i) Absorption of sulphur dioxide in cold water (eg. cold seawater) followed by vacuum
stripping and recovery as liquid sulphur dioxide. These processes are used in conjunction with
a sulphuric acid plant to recover sulphur dioxide that is not dissolved. The potentid for the
production of liquid sulphur dioxide depends on the existence of alocal market.

ii) Production of sulphuric acid. The production of sulphuric acid by burning sulphur to
produce sulphur dioxide is a well-established chemical process. These installations benefit from
a constant, high concentration of the gas and therefore have fewer process limitations. Gases
from aroaster or smelter do not have these characteristics and are more difficult to operate and
may not achieve the same level of conversion.

The smelter gases from the furnace are cleaned and coled and may be dried. The sulphur
dioxide in the gas is then converted to sulphur trioxide in a* contact process’ when the gases are
passed through a vanadium pentoxide catalyst bed. Sometimes the catalyst is doped with
caesium oxide, which may improve performance particularly when the SO, concentration is low
and variable or when the temperature is low. Improved catadysts are used to increase the
conversion efficiency in single and double contact plants.

In asingle contact plant the gases pass through a series of four or more catalyst beds to obtain
high conversion efficiency. The production of sulphur trioxide is exothermic and if the sulphur
dioxide content is high enough to generate sufficient heat, the gases are cooled between each
pass. With gasesthat have alow sulphur dioxide content, heat may have to be added before the
passes. The sulphur trioxide formed is then absorbed in 98% sulphuric acid, which is then
diluted to give sulphuric acid. The WSA process is a development of the single contact plant.
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The presence of sulphur trioxide inhibits the converson of sulphur dioxide and a double
contact process is therefore most commonly used to achieve more efficient sulphur dioxide
conversion when the sulphur dioxide content of the gas is sufficiently high. In this case sulphur
trioxide is absorbed after the second or third pass, allowing conversion of more sulphur dioxide
in the subsequent passes. This is followed by a further sulphur trioxide absorption stage. The
use of a double contact plant increases the removal efficiency of sulphur dioxide from < 98% to
> 99.5%. It has also been reported that the use of a caesium doped catalyst can improve thisto
99.9% but this data refers to a process that has a high, even concentration of sulphur dioxide
feed gas [tm 140, Finland Cu 1999].

Dust removal before the contact process is essential to protect the catalyst and to produce a pure
acid. This reduces the concentration of most metals, for example zinc, to acceptable levels in
the acid that is produced and prevents the poisoning of the catalyst. The pre-treatment of the
gas stream usudly involves several stages depending on the contaminants present in the gas
stream. The stages can include cooling with heat recovery, hot electrostatic precipitator,
scrubbing to remove mercury etc. and a wet electrostatic precipitator.

The weak acid generated in the gas cleaning section contains typicaly 1 - 50% H,SO,. Halides
will be presents as HCI (10 - 1000ppm) and HF (10 - 1000 ppm including H,SF;). The acid
may aso contain metals such as copper, zinc and iron (individualy up to 2500 ppm), mercury
(up to 1900 ppm) and lead (up to 50 ppm). Arsenic may be present up to levels of 10000 ppm.
Other dements, such as auminium, nickel, chromium, cadmium, bismuth, antimony, etc. may
aso be present depending on the contaminants present in the smelter feed. The weak acid will
aso be saturated with SO, (typicaly between 2000 and 5000 ppm depending on the SO,
strength). This acid can be decomposed and the gases passed to the acid plant, be treated and
disposed or used e.g. if there is aleaching process nearby.

Any NO, that is present in the gases treated in the sulphuric acid plant is absorbed in the acid
that is produced. If the concentrations are high then abrown acid is produced and this may not
be acceptable to potential customers. The problem is therefore one of potential sales.

Off-gas from flash >
smelting furnace
Scrubbing and .
Hot-gas ESP cooling unit Wetrgl(ﬁ:g:;?nc Me(:;tgr;gnngval
(multistage) precip
Off-gas from Pierce-Smith _»
converter (primary plant)
Gas cleaning
Drying tower
’ (Absorption in conc. Catalysis Absorption —» Cleaned off-gas
sulphuric acid) 9
Sulphuric acid plant

'

Sulphuric acid

Figure 2.36: Typical gascleaningtrain for a sulphuric acid plant

The sulphuric acid production process removes any residual dust and metas and they are
transferred to the acid that is produced. The remova of dust and metals before the contact
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process means that these are not significant components in the gases emitted to air. Acid mists
can be emitted from the stack and candle filters are used where they are needed to iminate
these mists. It is reported that high fluoride levels in the gas increases the likelihood of
producing acid mists [tm 106, Farrell 1998]

Sulphuric acid plants are used to remove sulphur dioxide produced during the sintering, roasting
and smdting of a wide range of sulphidic ores and concentrates. The metals produced are
copper, nickel, lead, zinc and severd mixed metal streams.

Air

50,

HS0, a) Dirying tower f} Superhaater
b} Heat exchanger 4 g) Intermediate absorber
¢} Heat excahnger 3 h) Heal exchanger
d) Heat exchanger 2 i) Final absorber
&) Converter

Figure2.37: A Typical Double Absorption Sulphuric Acid Plant

2.8.1.5 Total carbon and VOCs

Total carbon and VOCs are produced by poor combustion and during various operations such as
degreasing of components, solvent extraction processes and from the “breathing” of tanks used
to store solvents and fuel. Solvents may be aromatic, aiphatic, chlorinated organic or water
based, the eco-toxicity varies between solvents and this is taken into account to use the most
benign solvent and to determine the abatement system that is used on a site by site basis.

Containment is practised to prevent solvent emissions and mixer/settlers can be used that
minimise contact with air. Solvent or fuel vapours need to be extracted and removed from the
exhaust gases.

The techniques used to remove or destroy VOCs are afterburners and scrubbers detailed above
and concentrations < 10mg/Nm?® can be achieved. Bio-filters and reactors are also used [tm 159,
VDI 1996]. Activated carbon traps and chiller / condenser systems are used and allow the
material to be recovered for re-use. In one solvent extraction process, ventilation air is cooled
and removes solvent down to a level of 0.2 kg per tonne of cobat produced. VOCs can aso be
emitted during delivery of solvents etc. Back venting of displaced gases is used to minimise the
emission of VOCs.
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2.8.1.6 Dioxins

Dioxins are relevant to the production of metals [tm 225, VDI 3460 1997] particularly the
production from secondary raw materials or in processes that need chlorination such as the
electrolytic production of magnesium from seawater and dolomite. Dioxins or their precursors
may be present in some raw materias and there is a possibility of de-novo synthesisin furnaces
or abatement systems. Dioxins are easily adsorbed onto solid matter and may be collected by
al environmental media as dust, scrubber solids and filter dust.

This industry relies on sources of secondary raw materials from the scrap industry. Although
there are agreed scrap grades, the impurities present may lead to the formation of dioxins during
incomplete combustion or by de-novo synthesis. The presence of dioxins in EAF dust and the
presence of poly chlorinated biphenyls on transformer scrap are potentia direct sources of
dioxins.

The presence of oils and other organic materials on scrap or other sources of carbon (partialy
burnt fuels and reductants, such as coke), can produce fine carbon particles which react with
inorganic chlorides or organically bound chlorine in the temperature range of 250 to 500 °C to
produce dioxins. This process is known as de-novo synthesis and is catalysed by the presence
of metals such as copper or iron. Pre-selection or treatment of the feed materia to minimise the
amount of precursors or organic matter is therefore a very important measure to prevent the
formation of dioxins.

Although dioxins are destroyed at high temperature (above 850 °C) in the presence of oxygen,
the process of de-novo synthess is dill possible as the gases are cooled through the
“reformation window”. Thiswindow can be present in abatement systems and in cooler parts of
the furnace e.g. the feed area. Care taken in the design of cooling systems to minimise the
residence time in the window is practised to prevent de-novo synthesis. Sufficient oxygen
needs to be present in the hot gases and oxygen injection can be used to ensure complete
combugtion.

Activated carbon can be injected into the gas stream where dioxins are absorbed on to the
surface.  High efficiency dust filtration is then used to remove the dust and dioxins. Dioxins
may be also absorbed onto other particulate matter and can be removed using high efficiency
dust filtration. The collected dusts may have high dioxin concentrations and may need to be
disposed or treated carefully. Cataytic oxidation systems are also available for the destruction
of dioxins and it has been reported that fabric filters that incorporate a catalytic layer are used.

These are al considered to be techniques to consider depending on the application, they can al
be incorporated into existing processes. The most effective and economically viable technique
will depend on the specific site, safety aspects and operationa stability as well as economic
factors are taken into account. Emission levels of better than 0.5 ng per cubic metre TEQ can be
achieved using one or more of these techniques to the clean gas side of the system. Lower
values better than 0.1 ng per cubic metre TEQ can be achieved by one or a combination of these
techniques.

2.8.1.7 Removal of other impurities

In addition to their interference with the recovery of sulphuric acid and sulphur dioxide, other
non-ferrous metals that are present in the ores and concentrates have an adverse environmental
impact. They need to be removed if they have not aready been removed. They aso have a
value and s0 they are recovered separately from the meta of prime interest. Additiona
purification stages are therefore used to remove and recover them and these are reported in the
metal specific chapters.
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2.8.1.7.1 Non-ferrous metals

Pyrometallurgical processes are used to remove impurities from the desired meta by
volatilising and/or dagging other metals. For example Zn, Bi, Pb, Sn, Cd, As and Ga may ke
volatilised under the operating conditions in the furnace and are fumed from the melt. The
choice of operating temperature influences this stage of the process and these metal oxides can
be collected using an appropriate dust removal technique. The metals are then recovered from
the collected flue dusts in a number of ways. Slag cleaning furnaces and slag fuming processes
are aso operated to remove volatile metals that are collected as flue dusts. These flue dusts and
other residues therefore form the raw materials for a variety of metals.

Volatile metals and their oxides are also found in dusts and residues from other processes for
example dust from steel making. These residues provide the raw material for other processes to
recover zinc and other volatile metals. In these processes a rotary kiln (Waelz Kiln) or an ISA
Smelt furnace is used to fume the meta and enrich zinc and lead in a mixed oxide which can
then be recovered in other pyrometallurgical processes.

Tanks and other equipment used in hydro-metalurgicd plants are mostly ventilated to
amosphere to ensure a safe work place. This ventilation air may contain an acidic mist that
contains metal compounds from the solution. Remova techniques comprise wet scrubbers or
de-migters. The de-mister elements are placed in the gas stream in the vent stack or on top of
the cooling towers and the separated solution flows back to the main reservoir.

2.8.1.7.2 Mercury

Mercury is volatile at the temperatures encountered in most abatement processes and dher
techniques may be needed to remove it [tm 26, PARCOM 1996; tm 139, Finland Zn 1999; tm
225, VDI 3460 1997]. In the case of mercury removal before a sulphuric acid plant, any
resdual mercury will be present in the acid that is produced, the product specification is
normally < 0.1 ppm and is equivaent to ~ 0.02 mg/Nn? in the cleaned gas and all processes are
reported to achieve this.

Boliden/Norzink process. This based on a wet scrubber using the reaction between
mercuric chloride and mercury to form mercurous chloride (caomel), which precipitates
from the liquor. The process is placed after the washing and cooling step in the acid plant,
s0 the gas is dust and SO, free and the temperature is about 30 °C. The gasis scrubbed in a
packed bed tower with a solution containing HgCl,. This reacts with the metalic mercury in
the gas and precipitates it as calome, Hg,Cl,. The caome is removed from the circulating
scrubbing solution and partly regenerated by chlorine gas to HgCl,, which is then recycled
to the washing stage. The mercury product bleed is either used for mercury production or
stored. Mercuric chloride is avery toxic compound of mercury and greet care is taken when
operating this process.

Bolchem process. This process step is located in the acid plant like in the BolidertNorzink
process, but the removal is effected by 99% sulphuric acid. This acid comes from the
absorption part of the acid plant and it oxidises the mercury at ambient temperature. The
resulting mercury containing acid is diluted to 80% and the mercury is precipitated as
sulphide with thiosulphate. After filtering off the mercury sulphide the acid is returned to
the absorption. No acid is therefore consumed in the process.

Outokumpu process. In this process the mercury is removed before the washing step in the
acid plant. The gas at, about 350 °C, is led through a packed bed tower where it is washed
counter currently with an about 90% sulphuric acid at about 190 °C. The acid is formed in
situ from the SO, in the gas. The mercury is precipitated as a selenium-chloride compound.
The mercury dudge is removed from the cooled acid, filtered and washed and sent to the
production of metallic mercury. Part of the acid is then recycled to the scrubbing step.
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Sodium thiocyanate process. This process is used at a zinc roaster. The SO, gasis washed
with a solution of sodium thiocyanate and the Hg is removed as sulphide. Sodium
thiocyanate is regenerated.

3Hg + 85CN + 4 H*+ SO, => 2[Hg(SCN),]* + HgS + 2H,0

Activated Carbon Rlter. An adsorption filter using activated carbon is used to remove
mercury vapour from the gas stream.

Two processes are available to reduce the mercury content in sulphuric acid produced during the
production of non-ferrous metals.

Superlig lon Exchange process. This process uses ion exchange to remove mercury from
the product acid and achieves a concentration of mercury < 0.5 ppm.

Potassium iodide is added to the acid, which has to be at least 93% strength, at temperature
of about 0 °C. Mercury iodide, Hgl,, is then precipitated.

The Norzink and Outokumpu processes are most commonly used but other processes have been
reported elsewhere [tm 26, PARCOM 1996]: -

Selenium Scrubber. This is also based on a wet scrubber and uses the reaction between
amorphous sdlenium in sulphuric acid and mercury to remove high concentrations of
mercury vapour: -

Selenium Filter. A dry scrubbing process which uses amorphous selenium to react with
mercury vapour to form mercury selenide: -

Lead Sulphide process. A dry scrubbing process using lead sulphide nodules as the media
removes mercury from the gas stream.

2.8.1.8 Use of oxygen enrichment in combustion systems

The combustion/oxidation systems used in the production of non-ferrous metals often feature
the use of tonnage oxygen directly or oxygen enrichment of ar or in the furnace body. This
enrichment is used to dlow auto-therma oxidation of sulphide based ores, to increase the
capacity or melting rate of particular furnaces and to provide discrete oxygen rich areas in a
furnace to alow complete combustion separately from a reducing zone.

Oxygen can achieve the following improvements [tm 125, ETSU 1994]. -

The increase in the heat released in the furnace body alowing an increase in the capacity or
mdting rate. The ability to operate some processes auto-thermally and vary the extent of
oxygen enrichment “on-ling” to control the metallurgical process and prevent emissions.

A significant reduction in the volume of process gases produced as the nitrogen content is
reduced. This alows a significant reduction in the size of downstream ducts and abatement
systems and prevents the loss of energy involved in heating the nitrogen.

An increase in the concentration of sulphur dioxide (or other products) in the process gases
alowing converson and recovery processes to be more efficient without using specid
catalysts.
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2.8.

The use of pure oxygen in a burner leads to a reduction of nitrogen partial pressure in the
flame and therefore thermal NO, formation may be reduced. This may not be the case with
oxygen enrichment in or near the burner as the higher gas temperature may promote thermal
NO, formation. In the latter case oxygen can be added downstream from the burner to
reduce this effect and maintain the improvement in melting rate.

The production of tonnage oxygen on Site is associated with the production of nitrogen gas
separated from the air [tm 127, ETSU 1994]. This is used occasionaly for inert gas
requirements on site. Inert gases are used for abatement systems when pyrophoric materials
are present (e.g. dry Cu concentrates), for de-gassing molten metal, for dag and dross
cooling areas and fume control of tapping and pouring operations.

Injection of oxygen at discrete points in a furnace downstream of the main burner allows
temperature and oxidising conditions to be controlled in isolation from the main furnace
operations. This allows the melting rate to be increased without an unacceptable increase in
temperature.  An example is the provision of an integral after-burning zone in a blast
furnace.

1.9 Process control techniques for collection and abatement equipment

Process operation and control is used extensively in this sector. The following techniques are
used:

2.8

Reagent metering systems are used extensively.
Microprocessor control of reagent feed and plant performance is used. Ontline monitoring
of temperature, pressure drop, particulates or other pollutants emitted, EP current and

voltage and scrubber liquor flow and pH is used. Alarms are provided to indicate
operational problems.

Operators are trained and assessed in the use of operating instructions and the use of the
modern control techniques described.

Levels of supervision are optimised to take advantage of the above and to maintain operator
respongibility.

Environmental management and quality systems are used.

Robust maintenance systems are used. There is growing use of dedicated maintenance staff

forming part of the operator teams and they supplement the dedicated maintenance teams.

.2 Current emission and consumption levels

The main emission and consumption data for HF, HCI, VOCs, dioxins NO, and CO are found in

the

metal specific chapters but achieved emissions are given in the table below for a number of

abatement and treatment examples.
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Technique. | Particle % Maximum Range of Comments
Sizeum. | Collection Operating Achievable
Efficiency | Temperature | Emissions
at 1im. °C. mg/Nm?.

Hot EP <01 >09 450 <5-15 4 or 5 zones.
Depending (Pre abatement | Usual application
on design. > 50) is pre-abatement

Wet EP 0.01 <99 &0 <1-5 EP with 2 zones

Optically clear | in series. Mainly
mist precipitation.

Cyclone. 10 40 1100 100 - 300 Coarse particles.

Used to assist
other methods.

Fabric Filter. 0.01 >99.5 220 <I-5 Good

performance with
suitable dust type.

Ceramic 0.001 99.5 900 0I-1 Very good

Filter. performance with

suitable dust type.

Wet 1-3 >80-99 [nlet T000 <4-90 Good

Scrubber. Outlet 80 performance with

suitable dusts.
Acid gas
reduction.

Table2.10: Example of current emissionsfrom some dust abatement applications (dust mg/Nm?®)

Substance Unit Measured value
0, (as 50,) mg/Nm? 100 - 1100
0, mg/Nm? 20—-40
NO, (as NO,) mg/Nm? 20—-45
CI (asHCI) mg/Nm? 2— 1
F (asHF) mg/Nm? 1-4
Cd mg/Nm? 0.001 - 0.02
Hg mg/Nm? 0.001 - 0.0/
TI mg/Nm? 0.001 - 0.02
As mg/Nm? <0.01-0.02
Se mg/Nm? <0.01-0.02
D mg/Nm? <001-05
Pb mg/Nm? <0.01-05
Cu mg/Nm? <001-05

PCDD/PCDF ng TEQ/m3 0.001-0.01
Gases from flash furnace and Pierce Smith Converter 200000Nm7h |
inlet SO, 6 - 8.4% > 99.6 % conversion, producing 2000 t/d acid

Table 2.11: An example of the concentrations of main constituents in the cleaned gas from a
sulphuric acid plant
[tm 124, DFIU Cu 1999]
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Method O, Input% O, Output Notes
mg/Nm?

Double Contact — 4 >5% 450 >99.5% converson
Pass
Single Contect — Cs,0 <3% 750 > 99% converson
doping in final pass Low/Variable SO, Input
Single Contect — Cs,0 <3% 850 (300 ppm) >99% Converson
doping + WSA
condenser.
Double Contact — 5 5% 500 - 1000 99.8% conversion. Very
Pass high SO, input
Double Contact — 5 2% <285 (100 ppm) | 99.9% conversion. Very
pass Cs,0 doping of high, congtant SO, input
catalyst, high O,
content feed gas.

Table2.12: Example of the performance of some existing sulphuric acid plants

2.8.3 Techniques to consider in the determination of BAT

This section presents a number of techniques for the prevention or reduction of emissions and
resdues as wel as techniques reducing the overdl energy consumption. They are dll
commerciadly available. Examples are given in order to demonstrate techniques, which illustrate
a high environmental performance. The Techniques that are given as examples depend on
information provided by the industry, European Member States and the valuation of the
European |PPC Bureau.

2.8.3.1 General principles

The choice and design of a suitable datement technique is particularly important. Severd
techniques exist and although some may seem to offer a very high performance, problems may
be encountered unless the characteristics such as the loading and nature of the gases, dust and
other componerts are fully considered. For example the fabric filter usng modern materials is
considered to offer better environmental performance than other techniques for dust removal
however it cannot be considered to be universaly applicable due to problems of stickiness and
abrasion with some types of dust. These issues are specific to individua sites and materials and
the operator should take these factors into account in a professional design brief.

The volume, pressure, temperature and moisture content of the gas are important parameters and
have a mgor influence on the techniques or combination of techniques used. In particular the
dew point will be affected by al of these parameters and their variaions throughout a
production cycle must be taken into account.

The characterisation of the nature of the dust or fume is very important to identify any unusua
properties (hygroscopic, pyrophoric, sticky, abrasive etc). The particle size and shape, wet
ability and density of the materia are also factors to optimise the choice of technique. The dust
concentration and its variability should aso be taken into account producing a reliable, robust
design. These issues are discussed aong with others in the sections on techniques to consider
for the 10 groups of metasiif the variation in dust characteristics is relevant.

Many operators have identified that performance may deteriorate with time as equipment wears
and maintenance is needed. Modern systems should be used to continuoudy monitor
performance by direct measurement of the gases emitted (for example dust, CO, SO.,).
Alternatively critical control parameters can be monitored. Alarm systems should be
incorporated in these systems.
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2.8.3.2 Particle removal

2.8.3.2.1 Electrostatic precipitators

EPs that are correctly designed, constructed and sized for the application are techniques to
consder [tm 75, Theodore 1994; tm 78, IEA 1997; tm 79, Soud 1995: tm 222, VDI 3678 1998].
Hot eectrostatic precipitators will be used as the pre-cleaning stage before sulphur dioxide
removal. Wet electrostatic precipitators are particularly applicable for wet gases such as those
from granulation systems or as fina abatement. Different performance is therefore required for
these applications and affects the design parameters such as the size and number of fields and
the cleaning method.

The following features are considered to be important: -

Use of adequate number of fields, the number depends on the residual dust content, the dust
resigtivity and design criteria such as gas velocity and distribution and electrode design.
Use of four or more fields is generally to be considered as a final abatement stage.

The use of materials of construction that are appropriate for the material handled.

Pre charging, pulse energisation and aternating polarity power supplies should be
considered.

Wet EP' s or moving electrode EP's can be used for difficult dusts or moist gases.
These features above can be applied only to new EP.

Conditioning of the gas, the use of good digtribution of gas flow and dust, the use of power
off rapping, the automatic (micro-processor) control of the power system for each field are
aso features that can be incorporated.

This feature can be applied to most existing ingdlations.

2.8.3.2.2 Fabric or bag filters

Filters that are correctly designed, constructed and sized for the application are techniques to
consider [tm 75, Theodore 1994; tm 79, Soud 1995; tm221, VDI 3677 1997]. They incorporate
the following features. -

Particular attention to the choice of filter nmeteria and the reliability of the mounting and
seding system. Good maintenance should be practised. Modern filter materias generaly
are more robust and have a longer life. The extra cost of modern materials is more than
compensated by the extralife in most cases.

Addition of lime or other reactants (e.g. activated carbon) in order to capture gaseous
components such as SO, or to remove dioxins.

Operating temperature above the dew point of the gas. Temperature resistant bags and
mountings are used at higher operating temperatures.

Continuous dust monitoring using dust impingement, optical or triboelectric devices to
detect filter bag failure. The device should interact if possible with the filter cleaning
system so that individua sections, which contain worn or damaged bags, can be identified.
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The use of gas cooling and spark arrestment where necessary, cyclones are considered to be
suitable methods of spark arrestment. Most modern filters are arranged in multiple
compartments and damaged compartments can be isolated if required.

Temperature and spark monitoring can be used to detect fires, inert gas systems can be
provided or inert materids (e.g. lime) may be added to the off-gas where there is a danger
of ignition.

Pressure drop can be monitored to control the cleaning mechanism.

All of these techniques are suitable for new processes. They may aso be applicable to existing
fabric filters and can be retrofitted. In particular the bag sealing system can be improved during
annua maintenance periods and filter bags can be changed for more modern fabrics during the
normal replacement pattern and can also reduce future costs.

2.8.3.2.3 Ceramic filters

Filters that are correctly designed, constructed and sized for the application are techniques to
consider [tm 79, Soud 1995]. They can incorporate the following features: -

Particular attention paid to the choice and the reliability of the housing, mounting and
sedling systems.

The use of temperature resistant housing and mountings.

Continuous dust monitoring using dust impingement, optical or triboelectric devices to
detect filter failure. The device should interact with the filter cleaning system if possible so
that individual sections, which contain worn or damaged elements, can be identified.

Gas conditioning provided where necessary.
The use of a pressure drop to monitor and control the cleaning mechanism.

All of these techniques are suitable for new processes. They may also be gpplicable to existing
ceramic filters and can be retrdfitted. In particular the sealing system can often be improved
during norma maintenance periods.

2.8.3.2.4 Wet scrubbers

Scrubbers that are correctly designed, constructed and sized for the application are techniques to
consider when the nature of the dust or the gas temperature precludes the use of other

techniques [tm 79, Soud 1995] or when the dust is particularly suitable for remova in a
scrubber. Their use can aso be considered when gases need to be removed simultaneously with
dust or when they form part of a chain of abatement techniques for example in de-dusting prior
to a sulphuric acid plant. Sufficient energy should be applied to ensure the wetting and
interception of the particles.

Wet Scrubbers should incorporate a monitoring system for pressure drop, liquor flow and (if
acid gases are being abated) pH. The scrubbed gases should exit the scrubber to a mist
eliminator.

These scrubber control features can also be applied to most existing installations.
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2.8.3.2.5 Afterburners and flares

Installations that are correctly designed, constructed and sized for the application are techniques
to consider to remove VOCs, dioxins, organic or carbon particles or combustible gases such as
CO or H,. Heat recovery should be used where possible. The main requirements for effective
combustion in an afterburner are: -

Residence time in the combustion chamber or regenerative system must be sufficiently long
in the presence of sufficient oxygen to ensure complete combustion. Destruction efficiency
of 99% will usudly require a residence time of 2 seconds at the relevant temperature
depending on the presence of chlorinated compounds. Lower residence times and
temperatures may as well result in the complete destroying of VOCs and dioxins but this
should then be demonstrated on a local level under redlistic operating conditions. Gases
should be cooled rapidly through the temperature window of dioxin reformation.
Turbulence is necessary to provide efficient heat and mass transfer in the combustion zone,
and to prevent “cool spots’. This is usually achieved by using burners that generate a
swirling combustion flame, and by incorporating baffles in the combustion chamber.

An operating temperature 200 °C - 400 °C above the auto-ignition temperature of the most
stable substance, minimum operating temperatures are above 850 °C. Where the gas stream
contains chlorinated substances temperatures must be increased to 1100 °C — 1200 °C, and
rapid flue gas cooling is required to prevent the re-formation of dioxins.

Catalytic units operate at lower temperatures and flares require turbulence, air, and an
ignition source. If necessary, supplementary fuel can be added.

The burners should have microprocessor control of the air/fuel ratio to optimise
combustion.

The performance of the combination of equipment, operating temperature and residence
time should be demonstrated to show effective destruction of the materials present in the
feed gas.

These features can aso be applied to most existing afterburner instalations. Operating
temperatures can be optimised and it is possible that the use of oxygen enrichment rather than
air will increase the gas residence time (smaller gas volume) as well as increasing the operating
temperature [tm 217, VDI 2442 1987; tm 218, VDI 2443 1995; tm 220, VDI 3476 1990].
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Abatement Potential Uses Potential Associated Reason for choice
Type Problems emission
mg/Nm?

Fabric Filters Mostwithgood | Clogging, fires, | I-5 Performance for
sedling and seding. suitable dusts if well
modern fabrics. monitored. Potential

to recycle dust to
process.

Wet Electrostatic | Tmproved Wirebreskage | <5 Performance for

Precipitator performance for | & shorting. Opticaly clear | suitable dusts, low
wet gases pressure-drop but

effluent produced.

Electrostetic Most with good Variaionin 5-10 Low pressure-drop,

Precipitator control systems | particles, wire | (<50aspre- | religble, Low
and gas breakage & abatement) maintenance.
digtribution. shorting

Wet Scrubbers Only some dusts | Lower <20 Pre-cleaning of gases
are suitable. performance & prior to other methods.
Cleaning fuel blockages Removal of acid gases
gases or gases and mists.
for acid plant.

Ceramic Hlters Higher Fragility, <1 Dust must be suitable.
temperature clogging & Housing materia
operation. seding. limits upper

temperature

Cydlones Pre-abatement Poor <50 Pre-cleaning of gases

performance. prior to other methods.
Limited

efficiency for

fine particles

Emissions are given as daily averages based on continuous monitoring during the operating period.

Table2.13: Overview of dust abatement techniques

Abatement Type Application M easured dust Comment
emission
mg/Nm?
Fabric Filter (180000 — | Secondary Tead — 0.77t0 3.4 (monthly short rotary
250000 Nré/hr) batteries - PE removal. | average). furnace, France
Fabric Flter (26000 Cadmium — battery <1 (monthly average).
Nm?®/hr) recycling.
Cascade Scrubber Ferro-chrome sinter <4 Very abrasive dust
plant. — past fabric filter
failures.
Fabric Filter New Jersey zinc 3-10
didillation
Cyclone+ EP+Wet | Lead Betteriesin 1-2
EP Ausmelt Plant
Fabric Filter Ferro-dloy production | 1—5
Afterburner, cooler Copper industry 1-5
and fabric filter. (secondary)

Table 2.14: Measured performance of dust removal systems when using various dust abatement
techniqueswith suitable dusts
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The measured levels are quoted as ranges. They will vary with time depending on the condition
of the equipment, its maintenance and the process control of the abatement plant. The operation
of the source process will aso influence dust remova performance, as there are likely to be
variations in temperature, gas volume and even the characteristics of the dust throughout a
process or batch. The achievable emissions are therefore only a basis from which actua plant
performance can be judged and the achievable and associated emissions discussed in the metal
specific chapters take account of the suitability of the dusts encountered and the cost/benefits of
the particular application of the technique. Process dynamics and other site specific issues need
to be taken into account at alocal level.

2.8.3.3 Gas scrubbing systems

The use of prevention and reduction techniques should be considered first. Reduction of these
gases is often possible by good process control, raw materia selection (e.g. to exclude organic
contamination), use of recovery loops or fixing the material in a dag or matte. The use of low
NO, burners and staged combustion air for furnaces and other combustion plant can prevent the
formation of these gases. Values less than 100 mg/Nn? NO, have been reported [tm 160,
Winter Cu 1999].

2.8.3.3.1 Wet scrubbers

Scrubbers that are correctly designed, constructed and sized for the application are techniques to
consider to remove low concentrations of sulphur dioxide (less than 2%) and other acid gases
such as HF and HCI that may be produced [tm 79, Soud 1995].

Wet Scrubbers should incorporate a monitoring system if possible for pressure drop, liquor
flow and pH.

The scrubbed gases should exit the scrubber to a mist eiminator.
Weak acid liquors produced by scrubbers should be re-used if possible.

These features can a so be applied to most existing scrubber ingtallations.

2.8.3.3.2 Dry or semidry scrubbers

Scrubbers using the correct reagent that are correctly designed, constructed and sized for the
gpplication are techniques to consider to remove low concentrations of sulphur dioxide (less
than 2%) and other acid gases such as HF and HCl that may be produced [tm 79, Soud 1995; tm
224, VDI 3927 1998]. Dry scrubbers using activated carbon are techniques to consider to
remove organic matter such as dioxins or to remove mercury.

Dry and semidry scrubbers should incorporate suitable mixing and reaction chambers.

Particles generated in the reaction chamber can be removed in afabric filter or EP.

Partialy reacted scrubbing medium can be recycled to the reactor.

Spent scrubbing medium should be used in the main process if possible. For example
alumina and zinc oxide can be used in their respective processes.

Semidry scrubbers should incorporate a mist eliminator if mists are produced.
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These features can also be applied to most existing instalations.

2.8.3.4 Gas recovery systems

Systems that are correctly designed, constructed and sized for the application are techniques to
consider for the removal of varying concentrations of gaseous components.

2.8.3.5 Sulphur capture

The techniques that are currently proven are the production of sulphuric acid and the absorption
of sulphur dioxide in cold freshwater or seawater followed by vacuum stripping and recovery as
liquid sulphur dioxide. Recovery as sulphur dioxide depends on aloca market for the material.

Double contact sulphuric acid plants operate with a higher conversion efficiency than single
contact plants. Conversion to double contact is complex and expensive but the use of a single
contact plant with taill gas de-sulphurisation to produce gypsum for sale can dlow energy
savings and lower waste generation.

The following ingtallations are examples of good, current practice: -

EXAMPLE 2.01 WET GAS SULPHURIC AcCID (WSA) PROCESS FOR THE PRODUCTION OF
SULPHURIC ACID FROM OFF-GASES WITH A LOW SO, CONTENT

Description: - The process is epecidly well suited the production of sulphuric acid from off-
gases where the SO, content is low. In the process, up to 99.3% of the SO, is converted
catayticdly into SO,, which reacts with water in the gas, hereby forming gaseous sulphuric
acid. The acid is condensed in a WSA condenser. According to the heat economy and little
sengtivity to the water balance, no extra sulphur burning is required at any SO, concentration.
A typicd flow sheet of aWSA plant for molybdenite roasting is shown in the figure below.

I'“'c:‘,,;:_'-'

Acid Passp ﬂl
Al Conter )

Product Acd

The catdyst used in the WSA technology is a potassum and sodium promoted vanadium
catalyst in 10 and 20 mm extruded rings.

Main environmental benefits: - The converson of SO, into sulphuric acid reduces the SO,
emission and subsequently the effect of acid rain.
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Operational data: - Typica performance data of a WSA plant is presented in the next table.

Lead sintering
How Nnv/h 100000
T inlet °C 30 - 35
T outlet C 105
H,O Inl€t, vol.% 55
O, Inlet, vol.% 14.2
SO, content, vol.% 20-35
Converson% >00
SO, In clean gas mg/Nnv <28
H,30, product, wi% >975
Temp. of product °C 21
Acid production [V/d] ~290
Energy consumption (electricity & fud) [ 850 (at 2.7/% SO,)
kw
Cooling water consumption 0.25 (DT =5°C)
Gcal/h/tonne acid

Cross media effects. - The WSA process itself does not generate any waste products (except
the spent catalyst) or wastewater and does not use any absorbents or other chemicals. If the
WSA plant is used for converting SO, from a molybdenite roaster into sulphuric acid, the off-
gas need first to be cleaned. The cleaning can be done by using awet EP or wet scrubber where
then the dust respectively the sludge is generated as a process residue.

Economics: - Not available

Applicability: - The WSA process is applicable to al new and existing plants especidly for
molybdenite and lead rosters where the SO2 content is lower than 5 - 6%.

Reference literature: - [tm 165, Bendixen, Haldor Topsae, 1996], [tm 166, Bendixen, Haldor
Topsa, 1996], [tm 167, Bendixen, Haldor Topsae, 1997], [tm 205, SADACI 1999]

EXAMPLE 2.02 SULPHURIC ACID PLANT OPERATING UNDER VARYING GAS CONDITIONS

Description: - Gas cleaning and washing section. Double contact sulphuric acid plant, 4 - 5
passes, modern catalyst. Weak acid to neutralisation ~ 12 — 15 m¥h with 5% H,SO,as well as
thermal decomposition of acid bleed with higher (~50%) acid concentration.

Main environmental benefits: - High conversion rate for sulphur dioxide. More than 99.6%
achieved with arecent installation.
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Operational data: -

Component Measured Values
Off-gas volume: 320000 NmM/h
SO, 100 — 1100 mg/Nn?
SO, 20— 40 mg/Nn?
NO, (asNO,) 20—-45 mg/Nn?
Cl (asHCI) 2-7 mg/Nn?
F (asHF) 1-4 mg/Nn?
Average — residua dust: <2 mg/Nn?
Range — residual dust : 1-7 mg/Nn?
Range — components:
Cd <001 -0.02 mg/Nn?
Hg <0.01-0.07 mg/Nn?
Tl <0.01-0.02 mg/Nn?®
As <001-0.1 mg/Nn?
Se <0.01-0.02 mg/Nn?
S <0.01-0.03 mg/Nm?
Pb <001-0.15 mg/Nn?
Cu <0.01-0.09 mg/Nn?
PCDD/PCDF 0.001-0.01 ng ITE/Nn?

Cross media effects: - Positive effect — Reduction of main emissons of sulphur dioxide by
conversion to sulphuric acid, recovery of the heat from the gases and evolved during
conversion.

Economics: - See gppendix on cost

Applicability: - Off gases from primary smelter (SO, concentration > 6%; combination with off
gases from secondary smelter is possible). These features can also be applied to most existing
installations.

Example plants: - Germany

Reference literature : - [tm 124, DFIU Cu 1999]

EXAMPLE 2.03 MODERN SULPHURIC ACID PLANT OPERATING UNDER IDEAL CONDITIONS

Description: - Double contact sulphuric acid plant, 4 passes with intermediate absorption after
39 pass, modern catalyst designed by Monsanto, heat recovery system (steam) after ® pass
treating the off-gas from an Outokumpu flash smelting and flash converting furnace with 30 -
40% SO,

Main environmental benefits: - Maximum conversion of sulphur dioxide.

Operational data: - Dilution to 14% SO, at drying tower inlet, annua average flow 171300
Nm*h. Up to 99.9% conversion achieved with a recent ingtalation. ~ 150mg/Nn?® SO, in tail
gas as annua average. Plant relies on a high, constant sulphur dioxide feed and uses Cs doped
catayst.

Cross media effects: - Positive effect - Reduction of main emissions of sulphur dioxide.

Economics: - Not assessed.

Applicability: - Specific case for ideal feed gas conditions.
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Example plants: - USA.
Reference literature: - [tm 140, Finland Cu 1998]

The emisson of sulphur dioxide from sulphuric acid plants is proportiona to the sulphur
dioxide content of the feed gas and the conversion rate. A 99.8% conversion of a feed gas that
contains 15% SO, results in the emission of approximately 900 mg/Nn?® SO,. These processes
therefore use tall chimneys to assist the dispersion of the gases, the chimney height also takes
into account the likely emissions during start up and shut down of the plant when full efficiency
is not attained. Local, site specific factors are involved in these issues. The use of candle filters
before the final stack is a technique to consider if an acid mist is produced.

Further sulphur dioxide remova from the final exit gas using a wet or semi-dry scrubber should
be considered if specific environmental requirements are to be met.

2.8.3.6 Dioxins

This is covered under the relevant heading above in the above section on applied techniques.
The techniques discussed in that section are all techniques to be considered in the determination
of BAT depending on the source of material and the potentia for de-novo synthess.

2.8.3.7 The removal of other impurities

This is covered under the relevant heading above in the above section on applied techniques.
The techniques discussed will be applicable in specific areas. Further discussion will be made
under the relevant metal chapters.

2.8.3.8 The use of oxygen in combustion systems

This is a technique to consder and can be applied to most of the combustion and
pyrometalurgical processes in use [tm 125, ETSU 1994]. The use of oxygen can give both
financial and environmenta benefits provided that the plant can accommodate the extra heat
released. There is a posshbility that higher concentrations of nitrogen oxides can be produced
with oxygen enrichment but the associated reduction in gas volume usually means that the mass
isreduced. Further discussion will be made under the relevant metal chapters.

2.8.3.9 The process control techniques for collection and abatement plant

The techniques covered under the heading above can be readily applied to existing processes.
There are a number of cases (e.g. blast furnaces) where the development and use of modern
process contral is needed. More work is needed to identify the relevant control parameters and
systems.
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2.9 Effluent Treatment and Water Reuse

2.9.1 Main sources of liquid effluent arisings

This section gives an overview about the generation of liquid effluents in a common process.
The ways to reduce the volume of wastewater, the practice of recycling water and the effluent
treatment in alocal or central wastewater treatment plant are discussed to give an understanding
of some of the concepts that may be transferred between the metal groups [tm 28, WRC 1993].

The production of non-ferrous metals by pyrometalurgical and tydrometalurgicad methods is
associated with the generation of different liquid effluent arisings. The main sources of the
most important effluent streams can be classified as shown in the following table.

P wet off-gas cleaning

—] SlaQ granulation

Production > I i
Pr OCESS cooling water
_ —]p  SUI face run-off
h 4
miscellaneous sour ces ——y Hydro-metallurgy
(e.g. sanitary water) Other processwaters

Figure2.38: Effluent Classification

The above wastewater streams can be contaminated by metal compounds from the production
processes and may have a high environmental impact. Even at low concentrations some metals
like mercury and cadmium are very toxic. This can be illustrated by the fact that mercury and
cadmium head the list of priority hazardous substances drawn up by the North Sea Conference
of 1984, which cals for a 50% reduction of emissions into the North Sea. The toxic effect of
some meta compounds is also due to the fact that under the correct chemica conditions metals
can eadly enter natura watercourses as soluble species and be quickly and irreversibly
assmilated into the food chain [tm 169, JH. Clark 1995].

This section first presents an overview about the different sources of effluents that can be found
in a non-ferrous metal producing plant. The second part of the section reflects the techniques
that are normally used to treat the contaminated wastewater streams.

2.9.1.1 Effluents from off-gas cleaning

Wet air pollution control equipment is gradually being replaced by dry contral techniques. Dry
abatement techniques like bag filters have the advantage that no sludge and wastewater has to
be treated and the collected dust can often be recycled directly to the main process, the cross
mediaissues are therefore reduced in comparison to wet systems.

There are certain cases when wet air cleaning techniques e.g. wet scrubbers or wet electrostatic
precipitators need to be applied. These are used especialy when other abatement systems are
not suitable, there is arisk of explosion or combustion from flammable particles and if gaseous
substances (for example sulphur dioxide or trioxide) as well as particles have to be removed
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from the off-gas stream. Wet electrostatic precipitators are necessary when humid, saturated
gases with a high particulate content have to be cleaned. For example, during the production of
primary zinc and copper, the off-gas from the process, which contains dust and sulphur dioxide,
is cleaned by using a scrubber and a wet electrostatic precipitator. Wet precipitators are also
used to collect the tar mist in the waste gases from an electrode-baking furnace. In wet
scrubbers, acceleration and deceleration of the gas stream and the atomised scrubbing liquid
produces high turbulence between the gases, the dust and the droplets of liquid. The dust
particles are very quickly wetted and chemical reactions are speeded up. A subsequent collector
extracts the droplets of liquid and the wetted dust from the gas steam. The contaminated effluent
can then be removed for further treatment. If there is no enrichment of soluble components in
the washing liquor, removal of the suspended solids by a thickener makes it possible to reuse
the washing water. However, in some cases precipitation of soluble components has to be
carried out in order to reuse the washing liquid.

The liquid effluent generaly requires further treatment, for instance by neutralisation and/or
sedimentation for solid-liquid separation. Sometimes specific treatment measures like ion
exchange are used to remove very harmful or valuable metal compounds. For example ion
exchange is used to recover rhenium from the scrubber effluent that is generated by cleaning the
off-gas from a molybdenite roaster. This process is used for both removing a metal compound
from the wastewater and serves as the most important source for the production of rhenium
metal.

The treated liquid can normally be sent back to the wet-cleaning system but a bleed is required
to control the composition of the liquor. Weak acid from these processes can aso be re-usedin
other processesif they are available.

It has been reported that in severa cases the process water from the wet scrubbing system of a
smelting furnace contains cyanides formed by the reaction of carbon with atmospheric nitrogen.
The cyanide level can be reduced by using the scrubbing water for dag granulation, which leads
to evaporation and oxidation of most of the cyanides.

Another main effluent stream arises from the remova of mercury from some roaster off-gases.
The mercury-remova step involves a gas-liquid contact tank with a solution of mercury chloride
(HgCl,). This mercury chloride reacts with metallic mercury from the gasto form asolid Hg,Cl,-
precipitate ("caome"). The precipitated durry is removed and oxidised with Cl, to form the
HgCl, washing solution. Some of the durry is de-watered by afilter press and sold as Hg,Cl, for
mercury recovery or disposed of as a specia waste.

Effluents from the process are pre-treated locally for mercury-remova by reaction with zinc
dust or by precipitation as HgS before processing in afinal effluent trestment plant

2.9.1.2 Effluent from slag granulation and the production of metal shot and
density separation

During the production of non-ferrous metals the dag and the produced metal will be tapped off
the furnaces. The molten metal and the slag can be granulated separately by pouring into water,
using a high-pressure water jet or other quench systems to form evenly sized particles. The
granulated metal can then be sold as metal shot. The granulated ag may be used for other
purposes. A typica granulation stage is shown in the next figure.
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Water outlet —=- 1%

Figure 2.39: Granulation of molten metal
[tm 152, Schei, Tuset, Tveit, 1998]

The liquid effluent that arises from the granulation step is usualy recycled in a closed circuit.
To prevent a build up of suspended solids and metal compounds a blow-down has to be
removed from the water circulation continuoudy. The blow-down effluent can be sent to a
central wastewater treatment plant or be treated separately.

Dengity separation (sink and swim) is aso used to separate metals and compounds from light
contaminants for example the remova of plastic components after shredding. The liquid
effluent that arises is usualy recycled and floating materia removed. To prevent a build up of
suspended solids and metals a blow-down has to be removed from the water circulation
continuoudly. The blow-down or effluent is usually sent to a central wastewater treatment plant.

2.9.1.3 Cooling water

Cooling water is used on a large scale for the different cooling requirements in metal producing
industries. It can be divided into non-contact cooling water and direct contact cooling water.

Non-contact cooling water is used for cooling furnaces, furnace hoods, casting machines
etc. Depending of the location of the plant cooling can be achieved by a once through
system or a re-circulation system with evaporative cooling towers. Water from a once
through cooling system is normally discharged back to the natural source for instance a
river or a cooling pond. In this case the increase of temperature should be regarded before
the water is discharged to the natural water body. Non-contact cooling water may aso be
recycled via cooling towers.

Direct contact cooling is used during some casting operations. This cooling water is
normally contaminated with metals and suspended solids and often arises in large
quantities. Due to the specific matrix and in order to avoid dilution effects, direct contact
cooling water should principally be treated separately from other wastewater.

In order to minimise the impact of cooling on the environment as a whole the best available
technique reference document for cooling system should be used.
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2.9.1.4 Surface run-off water

Surface run-off water arises from contamination of rainwater that is collected from building
roofs and paved areas a the production facility. Contamination of rainwater occurs when
materials such as dust containing metals from storage, surface deposition etc or oils are washed
into the drainage system. Contamination of surface water can be prevented or minimised by the
use of good practise for the storage of raw materials as well as by a good maintenance and
cleaning of the whole production plant.

Surface run-off may be collected separately. After a sedimentation step or chemical treatment it
can be reused for other purposes in the production process, for instance as cooling water or for
water spraysto prevent dust formation.

2.9.1.5 Effluents from the hydrometallurgical process

The main liquid effluent arisngs from the hydrometallurgica production of non-ferrous metals
are listed in the table below.

Process unit Operation/source Use options

Roasting gas Wet cleaning of roast | Waste water treatment plant
cleaning gases congisting of precipitation
steps sometimes with a
removal of heavy metas by
using ion exchangers

Leaching Generd operaiions Return to Teaching.
including wet gas
cleaning

Purification Generd operations Return to Teaching or next

process step.

Electrolyss Cleaning of cdls, Return to Teaching.
anodes and cathodes.
Spent electrolyte. Return to electrolysis after
Electrolyte bleed. treatment.

Table2.15: Potential sources of liquid effluentsfrom electrolytic production of non-ferrous metals

The hydrometallurgical production process starts usually with a leaching operation. During
leaching the desired metd and other eements will liberated from the mineral and go into
solution.

Typical leaching reagents and reactions are shown below [tm 107, Ullmans 1996].

water for water-soluble compounds (copper sulphate);

sulphuric, hydrochloric, and nitric acids or sodium hydroxide for metal oxides;

complexing agents e.g. cyanide (gold, silver) or ammonia (copper and nickel mineras);
reduction of a mineral by a suitable gas or oxidation, for example, manganese dioxide by
sulphur dioxide, and nickel matte by chlorine;

acid-base reactions, e.g. recovery of tungsten complex from tungsten at high pH.

To increase the amount of the desired metal in the leach liquor a number of hydrometalurgica
purification and enrichment techniques may be used. The target metal may be recovered from
the purified solution by using different techniques such as cementation, gaseous reactions,
sdlective precipitation, ion exchange, solvent extraction, crydalisation, evaporative
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concentration or electrolysis. To ensure a correct balance in some of these processes it is
normally necessary to remove constantly a part of the liquor.

During the production of zinc for instance, dectrolyte may be bled to control the build up of
magnesium that may have a detrimental impact on the operation of the eectrolytic cells. The
flows in the eectrolytic cells belong to the same (closed) water circuit as the leaching and
purification stages: the sulphuric acid formed during electrolysisis fed to the leaching process and
the remaining liquid is purified and fed to the dectrolyss.

The effluent bleed of the eectrolytic-leaching-purification circuit is strongly acidic and contains
high concentrations of zinc and suspended solids. The volume of the bleed depends strongly on
the composition of the zinc concentrates that are used in the roasting. Components that tend to
build up (i.e. ae not sufficiently removed from the solution) in the circuit, especidly
magnesium, will determine the bleed flow.

Many facilities have aready been demonstrated that effluents generated as electrolyte bleed
may be recycled to the leaching operation depending on the contaminants that are present.
Electrolyte bleed may aso be recycled to electrolysis after the remova of contaminants or
minor value elements.

2.9.1.6 Other process waters

There are few direct process effluents encountered during non-ferrous metal production that are
not covered by the above headings. The most important are the liquors produced during the
Bayer process to produce alumina and acidic wastewaters produced during lead acid battery
processing or the processing of precious metals, weak sulphuric acid from sulphuric acid plants
and wastewaters from the refining of germanium, gallium etc. These wastewaters are covered
in more detail in the metal specific chapters but the processes used are sometimes capable of
recycling the liquors back into the process or using the acid value in other processes.

Pickling operations are also sources of process waters and the following examples show how
non acid pickling can be used and how the impact of acid pickling can be minimised.

a) Non acid pickling

This process operates in a sealed circuit. Rod can be pickled in an in-line system that consists of
a compartmentalised horizontal steel pipe. A 2.5% to 3.5% solution of isopropanol acohol
(IPA) in water isused. In copper the process of converting the cuprous oxide scale in a vapour
phase to form copper (left on the rod), is known as the Burns process [tm 92, Copper Expert
Group 1998]. IPA is recovered from the spent solutions for reuse and metal containing sudges
are recovered. Water from the IPA recovery stage is usually sent for wastewater treatment.

b) Acid pickling

Acid pickling uses a compartmentalised horizontal system [tm 92, Copper Expert Group 1998].
In a first stage the materia is pickled with diluted sulphuric acid; then the residua acid is
washed in several stages from the metal surface by water sprays followed by drying using
compressed air.  Surface pickling is usualy performed with sulphuric acid but for some aloys
and for metals such as titanium nitric acid, sometimes as a mixture with sulphuric, is used in
continuous lines or automatic systems. Gas cleaning is used to recover or remove nitric acid
fumes, the acid is changed from time to time. Spent acid is sent for treatment and recovery of
metal. The pickling systems are vented for worker protection.

The products are rinsed and the rinse water is sent for treatment, dudges are recycled if
possible. For surface degreasing of rolled products, detergents containing water are used. The
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spent water is cleaned by ultra filtration. If organic solvents are used for surface degreasing a
vapour degreasing system is used. In this case chlorinated hydrocarbons may be present in any
wastewater treatment sludge that is produced.

An dternative process is used for some copper rod production. After partial cooling in a long
water-filled tube, the rod is formed into spirals corresponding to the diameter of the coil. These
spiras are spread onto a roller table where the temperature is reduced to 20 °C by water
sprinklers. An acid-resistant aloy conveyor carries these spiras into the pickling tanks where
the rod is pickled with a 20% sulphuric acid solution. The acid lay pickling system ensures a
perfect removal of al oxides form the rod surface. The loops are then washed with rinsing water
and finally protected by awax solution.

Electro-winning can e used to recover the metal dissolved by the pickling acid. The wash
solution also may be treated by ion exchange.

2.9.1.7 Miscellaneous sources

In an industrid plant for producing non-ferrous metals a great number of other sources are
involved. Examples are liquid effluents from cleaning sations for trucks ddivering raw
material; seding water from pumps, generad operations, including cleaning of equipment,
floors, etc. These liquid effluents are normaly collected and treated. Water from the sanitary
system is normally discharged to the public sewage system.

2.9.2 Applied treatment techniques

The applied treatment methods, which will be discussed in this part of the sector, are also
techniques to be considered in the determination of BAT. In the case of wastewater treatment
measures and treatment plants it is very difficult in this part of the document to define a BAT
level. The treatment methods and consequently the achievable emission levels are very much
dependent on the specific process and the metals involved [tm 211, Noyes 1993]. Due to this
problem the techniques in this part will only be described in generd by pointing out their
advantages and disadvantages. For more detail information especialy of achievable emission
levels the specific chapters for the different non-ferrous metals should be used.

2.9.2.1 Process integrated measures

Techniques and methods for the reuse of water are aready successfully used in the non-ferrous
metal industry to minimise the amount of liquid effluent that has to be discharged as
wastewater. The reduction of wastewater is sometimes also economically viable because as the
amount of discharged wastewater is reduced, the amount of fresh water that has to be taken
from the aguatic environment is also reduced. This has as well a beneficial effect on the cross
media iSssues.

The following table demonstrates as an example for a few non-ferrous metals, the process steps
from which the liquid effluents are aready extensively recycled and reused.
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Recycling and/or reuse of effluentsin the
Non-ferrous metal industry

Sour ce Production Process
Primary | Secondary | Primary | Secondary | Primary Ferro-
copper | copper lead lead Zinc alloys
Sag granulation L U U ] [l
Wet arr pollution L U [l [l L] L]
control
Roasting gas O U O
washing
Effluent
Cooling weter L U U U L] L]
Anode and U U | n.r
cathode rinse
water
Spent dectrolyte O 0 O nr.
Battery breaking O
Battery 0
classfication
Lead paste de- O
sulphurisation

Table2.16: Overview of Recycling and Reuse

Recycling and reuse techniques are process-integrated measures. Recycling involves re-
circulation of the liquid to the process where it has been generated. Reuse of an effluent means
the re-circulation of one source of water for another purpose, e.g. surface run-off may be reused
as cooling water.

Normaly a recycling system needs a basic trestment technique or a blow-down of
approximately 10% of the circulating liquid, to prevent a build up of suspended solids, metals
and sdlts in the recirculation system. For instance cooling water is normally recycled and led in
arecirculation system as shown below. Biocide input has to betaken.

Evaporative L osses

Process | Retun Cooling
System Tower

Cooling) | ii

Sump

Water Make Up

Biotide Treatment

Figure2.40: Exampleof a Cooling Water Re-circulation System

If large quantities of water are available, for example in a coasta site, a flowing cooling water
system can be used provided the environmental impact is negligible. Nevertheless effects to the
marine environment in the suction area of the flowing cooling water system needs to be
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considered. The case for this approach needs to be made on a site by site basis as the energy
costs of pumping and cooling systems needs to be balanced.

The minimisation of wastewater can also be supported by good housekeeping, which may
advantageously be based on a water management plan.

2.9.2.2 End of pipe techniques

Any non-recyclable or non-reusable amounts of water have to be treated in order to minimise
the concentration of pollutants like heavy metas, acidic substances and solid particles in the
fina effluents discharged to the aquatic environment. To reduce the concentration of water
pollutants, end off pipe techniques e.g. chemica precipitation, sedimentation or flotation and
filtration may be used. These techniques are normally used together in a final or central on site
wastewater treatment plant but opportunities can aso be taken to precipitate metals before the
process stream is mixed with other effluents.

2.9.2.2.1 Chemical precipitation

Chemica precipitation is used primarily to remove the soluble meta ions from the liquid
effluent. The soluble metals can be precipitated from the wastewater by the adjustment of the
pH-vaue. A reagent, such as lime, sodium hydroxide, sodium sulphide or a combination of
reagents is added to the effluent and forms an insoluble compound with the meta to form a
precipitate. These insoluble compounds can than be removed from the water by filtration and
sedimentation. The addition of a coagulant or flocculant that helps to form larger flocs that can
be separated more easily is often used to improve the performance of the system.

Precipitation is usually used to remove heavy metals from a wastewater stream such as the
remova of iron, lead, zinc, chromium, manganese, molybdenum etc. The hydroxides of heavy
metas are usudly insoluble, so lime is commonly used for precipitating them. Similarly meta
sulphides are dso insoluble and reagents such as sodium sulphide, sodium hydrogen sulphide
and tri-mercapto-sulpho-triazine (TMS) are used in adkaline conditions. Ferric sulphate can be
added after precipitation to remove the excess sulphide. Sulphide precipitation can result in
much lower concentrations in the cleaned effluent for certain metals depending on the pH and
temperature. In some cases, precipitation of a mixture of metals can be carried in two stages,
firstly with hydroxide followed by a sulphide precipitation [tm 171, Steil & Hahre 1999)].

In order to maximise the efficiency of metal remova the process has to be treated at different
pH-vaues with different reactants. The choice of reactant and the pH value is the main
consideration for the precipitation of heavy metals. Solubility is also affected by temperature
and this should be taken into account.

Another important factor is the valance-state of the meta in the water. For example chromium,
whose hexavalent form, chromate is considerably more soluble than the trivalent form. In this
case chromate must be reduced, usualy with SO, at a low pH, for remova of chromium by a
precipitation process.

The fina aspect is the possible formation of complex ions, which are generally more soluble.
This is common when dedling with wastewater containing ammonia, chloride, fluoride or
cyanides along with the heavy metals [tm 149, Kemmer 1987].

In many plants where heavy metas are being removed, one of the principa problems in
reaching the desired effluent limits is the colloida state of the precipitated materials. This can
result from improper neutralisation and flocculation. Various flocculants or coagulants can be
used to improve the condition of the precipitated materia and suppliers of these materias are
able to test the precipitates and specify the correct coagul ant.
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The efficiency of the wastewater cleaning by using chemicd precipitation is mainly influenced
by the following factors: -

the choice of chemical precipitant;
the amount of precipitant added;

the efficiency with that the precipitated meta is removed from the solution;
the maintenance of the correct pH throughout the treatment process,

the use of iron salts to remove specific metals;
the use of flocculating or coagulating reagents.

Component Primary and secondary Secondary copper process
copper processwater after and surface water after
lime and iron sulphate NaHStreatment, settlement
treatment and settlement and sand filtration
pH 9.5
Cumgll 02-05 0.04
Pb mg/l 0.2 0.04
NI mg/l 0.5 0.07
Zn mo/l 0.13
Asmg/l 01 <001
Ca mg/l 0.1 0.004
Hg mg/l 0.05
Variations in effluent composition are taken into account.

Table2.17: Concentration of some metals after wastewater treatment with limeor with NaHS

To ensure the maximum removal efficiency of heavy metals the most important factor is the
maintenance of the choice of precipitant, the table above shows that the use of sulphide based
reagents can achieve lower concentrations of some metals. Correct pH throughout the effluent
treatment process is aso of primary importance because some of the metal sats are insoluble
only over avery short range of pH-values. Outside these ranges the efficiency of metal removal
is decreasing rapidly, for example zinc will form a soluble anion, zincate, at high pH-values [tm
12, HMIP Zn 1993].

2.9.2.2.2 Sedimentation

Sedimentation is a solid liquid separation technique that utilises gravity to separate the insoluble
metal complexes and solid particles from the liquid effluent. Sedimentation can take place in a
variety of different settling vessds like sedimentation basins, lagoons or specidised
sedimentation tanks (thickeners, clarifiers) with a dudge removal device on the bottom of the
tank. Sedimentation basins, which are commonly used, are rectangular, square or circular in
plan area. The dudge that is removed from the sedimentation step can be de-watered, by using
e.g. avacuum filter press. The filtrate that is generated may be sent back to the beginning of the
effluent treatment process or to the process step where it has been generated depending on the
treatment process. Sedimentation can be used to separate solid particles from wastewater that
has been used for the granulation of dag or the production of metal shot.

An dternative to sedimentation may be flotation. Flotation techniques are used to separate large
flocs or floating particles like plastic parts from the effluent by bringing them to the surface of
the suspension. Fotation can be achieved by dissolved air flotation (DAF). Air is dissolved in
the suspending medium under pressure and comes out of solution when the pressure is released
as minute air bubbles attached to suspended particles. This causes the particles to float to the
surface and the flocs can then easily be taken away from the surface of the liquid.
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2.9.2.2.3 Filtration

Filtration techniques are normally used for solid/liquid separation and as a find clarification
step in a wastewater treatment process. The filtration unit is usualy located between the
sedimentation step and the fina control to remove solids carried over from the previous
cleaning step. Filtration can take place in a variety of different filter systems depending on the
solid particles that have to be removed.

The normal filter unit consists of a bed of materia or materias through which the liquid effluent
flows. The fine particles that can’'t pass through the filter medium form afilter cake that has to
be removed ether continuoudy or from time to time for example by back washing in order to
keep the pressure loss low. If the pressure loss is low it enables the filtration to be fed with the
wastewater flow via gravity flow.

Sand filters are designed for the mechanica remova of suspended solids or semi-solid materias
e.g. sediments or metal hydroxides. The purification of wastewater by using sand filtration is
due to the combined effects of filtration, chemica sorption and assmilation. Sand filters are
sometimes operated as pressure vessels filled with layered sand, which increases in grade with
depth. Initidly the filter cake can lead to an enhancement of the filtration efficiency particularly
for smaller particles. After aperiod of time the sand bed needs to be back washed. Sand filters
are often used for polishing a bleed from a closed water cycle or to alow the effluent to be used
as process water.

Hyper-filtration or reverse osmosis is used to obtain the desired result with very fine particles.
Hyper-filtration allows passage of particles with a molecular mass of about 100 to 500, whereas
ultrafiltration is used in the range of 500 up to 100000.

Ultrafiltration is a simple and effective method of wastewater treatment but has a high energy
requirement. The effluent is placed in contact with an ultrafiltration membrane. This
membrane, which contains small pores alows the passage of molecular particles like water and
hinders larger molecular particles. With a very fine membrane it is even possible to filter
solutes as small as metals. the filtration processes based on membranes produce a clean
permeate and a concentrate that may require further treatment.

2.9.2.2.4 Electrolysis

Electrolytic techniques are used to remove metals such as copper, precious metas, chromium,
manganese, cadmium etc. from process water streams. Because the metal concentrations are
usudly low, electrolysis is most effective for waste streams before they are diluted with other
effluents. Special electrodes such as fluidised bed electrodes or three-dimensional electrodes can
be used to improve efficiency [tm 148, EA Technology 1998]. Maximum efficiency of the cdll
is achieved when the current density changes with solute concentration and the mass transfer
takes place close to the limiting current density. In other words the cathode must always have a
fresh supply of ions to reduce.

An alternative, and very successful, use of electrochemical methods for metal clean up is to
oxidise metas in effluents so that they can be recycled. One example is the treatment of
chromium (I11) containing effluents. The largest use of chromium is as an oxidising agent where
chromium is in its (VI) oxidation gate. The by-product from the oxidation is chromium (l11),
which is normally released with waste. Anodic oxidation of chromium (111) effluent has been
used to regenerate chromium (V1), which can be reused [tm 169, JH. Clark 1995].

The difference in the relative position in the electrochemical series or the redox potentia of the
elements can aso be exploited by controlling the current and voltage of an eectrolytic cell to
recover the more noble metals. These properties can aso be exploited by using cementation
where for example, copper can be precipitated by adding iron.
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Another electrochemical treatment method is eectro-dialysis. The eectro-dialyss cell condsts
of two electrodes separated by an ion exchange membrane. The theory is fairly straightforward.
Cations under the influence of an eectrode potential migrate through a cationic exchange-
membrane where they are exchanged for less toxic cations (for example exchanging cadmium
for sodium). This method aims to combine the advantages of ion exchange with the advantages
of electrochemical treatment [tm 169, JH. Clark 1995].

2.9.2.2.5 Reverse osmosis

Reverse osmosis is extensively used for the remova of dissolved metas, especidly in the
dectroplating industry. Osmosis is natura diffusion of a solvent such as water caused by a
difference in the concentration of two solutions separated by a membrane. The solvent flows in
the direction that will reduce the concentration of the stronger solution. In reverse osmoss a
driving force is applied to reverse the solvent flow. A pressure difference applied between the
compartments separated by the membrane causes water to flow from the stronger solution to the
weaker. The pressure required must exceed the osmotic pressure. Typical data of the passage of
ions across the reverse osmosis membrane are presented in the following table. Reverse osmosis
is sometimes used in the recovery of precious metasin the meta plating industry.

lons % passage % rejection
Ammonium 8 92
Sodium 5 95
Potassum 5 95
Magnesum 3 97
Strontium 3 97
Cdcium 2 98
Nitrate 15 8
Bi-slicaie 10 0
Chioride 5 95
Huoride 5 95
Bicarbonaie 5 95
Sulphate 3 97
Phosphate 1 9%

Table2.18: Typical passage of ions acrosstherever se osmosis membrane
[tm 149, Kemmer 1987]

2.9.2.2.6 lon exchange

lon exchange is sometimes used as a find cleaning step in the remova of heavy metals from a
process wastewater. By using ion exchange unwanted meta ions can be removed from a
wastewater stream by transferring them to a solid matrix while giving back an equivaent
number of other ions stored on the ion exchanger skeleton. The ion exchange process usualy is
used if the metal concentration is below 500 mg/l.

The ion exchange process takes normally place in a column that is packed with beads of theion
exchange resin. The exchange starts first at the top of the column and then passes through the
column in order to keep the equilibrium exchange conditions. Depending on the amount of ions
stored on the skeleton the capacity of the ion exchanger is limited. The ion exchanger should
therefore be regenerated with hydrochloric acid or caustic soda. In some cases such as the
removal of selenium and rhenium from the off-gas of a molybdenite roaster, the ion exchangers
are replaced periodically so that the metal can be recovered by themselves or specialised plants.
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Some specified ion exchangers are being able to remove specific metals from the wastewater.
This slective ion exchange process is much more efficient in removing toxic metals form the
effluent. Furthermore, the column is capable of avery high level of clean up, which is as well be
able to operate efficiently in mixed content effluents.

2.9.2.2.7 Activated carbon

Activated carbon, a highly porous carbonaceous substance, is usually used to remove organic
materials from wastewater but also has applications in the remova of mercury and precious
metals. These filters are normally used in the form of beds or cartridges operated in multiples
s0 that breakthrough from one filter is treated by a second one. The spent filter is then replaced
and becomes the downstream filter. This operation depends on an adequate method to detect
breakthrough from the filters.

2.9.2.3 Process control techniques for effluent treatment

Process operation and control has developed recently in this sector. The following techniques
are used [tm 106, Farrdl F 1998]: -

Reagent metering systems are used extensively.

Microprocessor control of reagent feed and plant performance is used. On-line monitoring
of temperature, turbidity, pH, conductivity, REDOX, TOC, individud metals and flow is
used.

Operators are trained and assessed in the use of operating instructions and the use of the
modern control techniques described.

Levels of supervision are optimised to take advantage of the above and to maintain operator
respongbility.

Environmental management and quality systems are used.

Robust maintenance systems are used. There is growing use of dedicated maintenance staff
forming part of the operator teams.

2.9.3 Present consumption and emission levels

The compostion of the liquid effluents from pyrometalurgicd as wel as from
hydrometalurgical methods depends very much of the metal being produced, the production
process and the raw materia that is used. However, the liquid effluents from a non-ferrous
metal production plant normally contain heavy metals, eg. copper, lead, zinc, tin, nicke,
cadmium, chromium, arsenic, molybdenum and mercury, and suspended solids.

The following tables give some examples of clean up rates for different wastewater streams and
production processes. The consumption of water, the amount and composition of the liquid
effluent and the achievable emission values will be discussed in more detail in the chapter for
the individua non-ferrous metal.
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Source Main Component [mg/l]

Cu Pb As Ni Cd Zn
Process water
(100000 m¥/a)
Before treatment 2000 500 10000 1000 500 1000
After treatment 0.01-0.2 | 0.001-0.04 001-0.1 0.004-0.15 | 0.0001-0.1 | 0.01-0.2
Precipitation
water
Before treatment 15-30 <5 <2 <2 <05 <2
After treatment 0.01-0.4 | 0.005-0.2 | 0.003-0.007 | 0.002-0.4 | 0.0002-0.1 | 0.03-0.4
Direct cooling
water (16000000
md/a)
Before treatment <3 <05 <01 <01 <0.05 <05
After treatment 0.01-0.25 | 0.001-0.1 0.001-0.1 0.002-0.6 | 0.0001-0.003 | 0.02-0.5
Overdl pollutant
rate (g/t of Cu 2.3 0.3 0.23 0.1 0.05 0.8
produced)

Table 2.19: Example of the metal content in waste waters before and after treatment relevant to a
copper smelter/refinery complex
[tm 124, DFIU Cu 1999]
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Component Sour ce and treatment method
Primary + Secondary Direct cooling | Surfacerun off | Copper wire-rod | Copper semis Copper alloy
secondary copper process | water after pH | water after pH process water process water semis process
copper process and surface adjustment and | adjustment and | after treatment | after treatment water after
water. Limeand water after settlement settlement treatment
iron sulphate NaHS
treatment, treatment,
settlement settlement and
sand filtration

pH 9.5 85-95 6.5-85 6.5—-95 6.5-95 6.5-95
Cumgll 02-05 0.04 0.01-0.25 001-04 02-0.3 03-04 0.2-04
Pb mg/l 0.2 0.04 0.001-0.1 0.005-0.2 0.02-0.03 02-0.3
Ni mg/l 0.5 0.07 0.002-0.06 0.002-0.4 0.09-0.1 03-04
Zn mg/l 0.13 0.02-0.5 0.03-04 0.7-0.8 08-1.0
Asmg/l 0.1 <0.01 0.001-0.1 0.003-0.07 0.01-0.03 <01
Cd mg/l 0.1 0.004 0.0001 — 0.003 0.0002-0.1 0.001 <0.2
Hg mg/l 0.05 <0.05
Qil or <10 <10 <10
hydrocarbon mg/I
Suspended solids <5 <100 <100
mg/l

Indications take variations in effluent composition into account.

Table 2.20: Thetreatment of some copper waste-streams
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An overview of some sources of wastewater and the minimisation and treatment methods is

given below.
Sour ce of Assoclated metals Minimisation methods | Treatment Methods
wastewater produced
Process water Alumina production, Return to process as Neutralisation and
L ead-acid battery far as possible. precipitation.
breaking. Electrolysis.
Pickling.
Indirect Furnace cooling for Use of sedled Settlement.
cooling water most metals. cooling system.
Electrolyte cooling System monitoring
for Zn to detect leaks.
Direct cooling Cu & Al castings. Settlement or other Settlement.
water Carbon electrodes. treatment. Precipitation if
Ferro-dloys Closed cooling needed.
Chromium metal System.
Slag Cu, NI, Pb, Precious Reusen aseded Settlement.
granulation metdls, ferro dloys system. Precipitation if
needed.
Electrolysis Cu, NI, Zn Mg Sedled system. Neutralisation and
Electro-winning of precipitation.
dectrolyte bleed.
Hydro- Zn, Cd Sedled system. Settlement.
metallurgy Blow-down Precipitation if
(blow-down) treatment. needed.
Abatement Wet scrubbers. Blow-down Settlement.
system (blow- Wet EPs and treatment reuse of Precipitation if
down) scrubbers for acid weak acid streams if needed.
plants. possible.
Surface water All Good raw materials Settlement.
storage Precipitation if
needed.
Filtretion.

Table2.21: Overview of wastewater streams

2.9.4 Techniques to consider in the determination of BAT

As dready explained dl the wastewater trestment methods are also techniques to be considered
in the determination of BAT. The best available treatment technique or a combination of the
different treatment methods can anly be chosen on a site by site basis by taking into account the
site specific factors. The most important factors to decide, which in a specific case would be the
best solution in order to minimise the amount of wastewater and the concentration of the

pollutants are:

The process where the wastewater is generated,
The amount of water,

The pollutants and their concentrations,
The level of clean up required, i.e. local or regiond water quality standards,
The availability of water resources.

The following teble presents the advantages and disadvantages of the most common treatment
techniques [tm 169, JH.Clark, 1995].
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Treatment Advantages Disadvantages
Technique
Precipitation Chesp and smple technique Acid effluents can be difficult to treat

Long history of successful use

Does not require large expenditure in anew plant

Capable of tregting a wide range of metd contaminants particularly if two
stage precipitation with hydroxide and then sulphide reagentsis used

Under the correct conditions can give excellent remova of metas

Specified precipitants are commercidly available

Allows absorptive precipitation

Precipitates can often be returned to the feed.

Non sdective: it gives a high water content dudge containing a cocktail

of toxic and non toxic metas
The dudge may have to be landfilled at sometimeslarge cost

The presence of other sdts, organic complexing agents and solvents can

severdy compromise the precipitation efficiency
Cannot aways be used to treet low concentrations of metals
Some hydroxides inefficiently precipitated

Sedimentation

Chegp and smple technique
Long history of successful use

Can only remove solid particles

For paticles with a smdl dengty difference to water sedimentation

takeslong and large basins are required

Filtration Chesp and simple technique Can only remove solid particles
Long higtory of successful use Thefiltration efficiency decreasesif the particles are very small
Filtration e.g. sand filters are best used for aknown particul ate matter Filtration efficiency decreases with increased velocity
Flotation Chesgp and smple technique Can only remove solid particle complexesthat are floatable

Long history of successful use

Air needs firg to be dissolved in pressurised water to be dispersed in the

water.

Ultrafiltration

Simpletechnique

Very fine particles, even molecules can be removed from the wastewater
Very fine membranes will dso filter solutes as small asmetds

Virtualy zero particulate emissons

Limited flow rate and filtration vel ocity

Membranes can quickly decomposein corrosive effluents
No separation of metals

Old membranes can legk

Membranes can be eesly fouled

Electrolysis

Can be usad to recover and recycle metds

Can be used to trest concentrated metd effluents (ca 2 ¢/l) inasingle sep
Technology mogt available

Tried and tested with good track record in dectropleting industries

Can be used to clean up organic contaminants Smultaneoudy

Can be usad in batch or continuos flow modes

Better than ppm level of clean up isdifficult
Ineffective cels are expensve to maintain and operate
High eectric potentials are safety hazards

Electrolysis not selective

Needs constant monitoring

Poor at treating variable content, high volume effluents

Table2.22: a) Summary of advantages and disadvantages of common wastewater treatment techniques
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Treatment Advantages Disadvantages
Technique
Electro- Can be used to recover and recycle metds Electro-didyss suffers from the same disadvantages as ion-exchange
dialysis Electro-dialysis can be sdective methods (for example, membrane fouling)
Electro-diaysis dready used in desalination and eectroplating industries Needs constant monitoring
Electro-dialysis capable of sub ppm level of clean up Poor at treating variable content, high volume effluents
Reverse Virtudly zero emission Limited flow rate and filtration velocity
0osmosis Technology exits and equipment is commercidly available Membranes can quickly decomposein corrosive effluents

Can be used for recyding metds

Can be operated in continuous flow or batch mode

Can ded with alarge range of meta concentrations

Can be usad to remove organicsin effluent

Efficacy is not strongly dependent on the concentration of non-corrosive
contaminantsin effluent

No separation of metals

Old membranes can lesk

Membranes can eesily fouled

Membranes need frequent monitoring and replacement
Equipment is specidised and expensive

Reverse osmosis uses high pressure

Regtriction of aminimum flow rate of ca 200 I/min

lon exchange

Rdativein expensve

Commercid products available

Tried and tested in indudrid applications (eg. rhenium and sdenium
removal and recovery)

Capable of cleen up to ppb levd (sdective ion exchange cgpable of ppt
level)

Can be easly used in conjunction with other techniques (for example
precipitation) as part of an integrated wastewater treatment

Can be Hective for heavy metds

Can be applied to many flow types intermittent, continuos, relatively large
volume

SHective ion exchange has been used in isolated cases, such as trestment
of nuclear industry effluents

Cannot handle large concentrations of meta

Matrix easily fouled be solids and some organics

Traditiona ion exchangeis nit sdective

Exhausted exchanger must usudly be disposed of astoxic waste
Maitrices can decompose over time

Performanceis sensitive to effluent pH

Large volume effluents require very large ion exchange columns
Sdectiveion exchange does not have extensve indugtrid useto date
Regeneration of sdective ion exchange columnsistime-consuming
Long contact times with effluent may be needed

Activated
carbon

Can be used for a wide range of gpplications (eg. remova of mercury or
dioxin from effluent

Can be added after coagulation and sedimentation asalayer in sand filters
Technology exits and equipment is commercidly available

Activated carbon is expensve

Activated carbon can become a breeding ground for micro-organiams

High emissions of SO, generated from the heding process in
manufacturing carbon from cod

Table2.23: b) Summary of advantages and disadvantages of common wastewater treatment techniques
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2.10 Waste Minimisation and Handling

2.10.1 Residues and waste from non ferrous metal production

The production of non-ferrous metals from primary and secondary raw material is related to the
generation of awide variety of by-products, intermediate products and residues. These residues
arise from different stages of the production process such as from the metallurgical operations,
the smelting process as well as from the off gas and waste water treatment [tm 85, MURL
Dusseldorf 1997]. The content and value of the elements contained in the residue influences its
potential for reuse e.g. anode dime is a viable raw material for the recovery of precious metals.
Any designation of aresidue as waste for disposal takes this into account. Also some filter dust
such as silica fume that arises from the smelting process of ferro-silicon and slicon metd is
today recommended as a by-product.

According to the current EU legidation, many of these residues are regarded as wastes.

However the non-ferrous metal industry has for many decades used many residues as raw
materials for other processes and an extensive network of metalurgical operators has been
established for many years to increase the recovery of metals and reduce the quantities of waste
for landfill. 1t has been reported that some legidative measures to control waste movements are
inhibiting the recycling of residues from metallurgical operations [tm 99, Bontoux 1997]. It is
aso well known that the metal producing industries obtain one of the highest recycling rates in
al indudtria sections. This helps to reduce Cross Media Issues to a minimum. Nevertheless the
problem of residues from production facilities and the designation of some of these materias
will aso play an important role in future permits and the techniques tend to concentrate on this

aspect.

The following table offers examples of the ptential wastes according to the European Waste
Catalogue (Council Decision 94/3/EEC)! and the Hazardous Waste List (Council Decision
94/904/EEC). Waste in generd terms is defined by the framework directive on waste (Directive
75/442 EEC amended by Directive 91/156/EEC) as “any substances or objects in the categories
set in Annex | which the holder discards or intends or is required to discard’. A second
definition of waste co-exists with the definition presented above. It is that from the Basd
Convention, adopted by the European Union in 1993; “Wastes are substances or objects which
are disposed of or are intended to be disposed of or required to be disposed of by provisions of
nationd law” [tm 99, Bontoux 1997].

Waste from the production of non ferrous metals
EWC Description Hazardous | Origin
Code Waste
010303 | Red mud from aluminaproduction Bauxite process
100300 | Wastesfrom aluminium thermal metallurgy
100301 | Tarsand other carbon-containing wastes from anode | - Anode baking
manufacture plant
100302 | Anode scraps Pot room
100303 Skimmings . Smelting
100304 | Primary smelting slag/white drosses . Smelting
100305 | Aluminadust Smelting
100306 | Used carbon strips and fire proof materialsfrom Anode baking
anode manufacture plant
100307 | Spent pot linings . Pot room
100308 | Salt slag from secondary smelting . Smelting

! The EWC is aharmonised, non-exhaustive list of wastes, that isto say, aligt, whichwill be periodicaly reviewed

and if necessary revised in accordance with the committee procedure. However, the inclusion of amaterial inthe
EWC does not means that the material isawaste in all circumstances. The entry isonly relevant when the

definition of waste has been satisfied [tm 99, Definition of Waste 1997].
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Waste from the production of non ferrous metals

EWC Description Hazardous | Origin
Code Waste
10.0309 Black drosses from secondary smelting Smelting
100310 | Waste from treatment of salt slag and black drosses Salt slag recovery
treatment plant
100311 | Fluegasdust Abatement system
100312 | Other particulates and dust (including ball mill dust) Milling, storage
100313 | Solid waste from gas treatment Abatement system
100314 | Sludgesfrom gastreatment Abatement system
100399 | Wastes not otherwise specified
100400 | Wastesfrom lead thermal metallurgy
100401 | Slags (first and second smelting) Smelting
100402 | Drossand skimmings (fist and second smelting) Smelting
100403 | Calcium arsenate Abatement system
100404 | Fluegasdust Abatement system
100405 | Other particulates and dust Storage, handling
100406 | Solid waste from gas treatment Abatement system
100407 | Sludgesfrom gas treatment Abatement system
100408 | Spent linings and refractories Furnace
100499 | Wastes not otherwise specified
100500 | Wastesfrom zinc thermal metallurgy
100501 | Slags (first and second smelting) Smelting
100502 Dross and skimmings (fist and second smelting) Smelting
100503 | flue gasdust Abatement system
100504 | Other particulates and dust Storage, handling
100505 | Solid waste form gas treatment Abatement system
100506 | Sludgesfrom gastreatment Abatement system
100507 | Spentlinings and refractories Furnace
100599 | Wastes not otherwise specified
100600 | Wastesfrom copper thermal metallurgy
100601 | Slags (first and second smelting) Smelting
100602 | Drossand skimmings (fist and second smelting) Smelting
100603 | flue gasdust Abatement system
100604 | Other particulates and dust Storage, handling
100605 | Waste from electrolytic refining Tank house
100606 | Solid waste from gas treatment Abatement system
100607 | Sludgesfrom gastreatment Abatement system
100608 | Spentlinings and refractories Furnace
100699 | Wastes not otherwise specified
100700 | Wastesfrom silver, gold an platinum thermal
metallurgy
100701 | Slags (first and second smelting) Smelting
100702 Dross and skimmings (first and second smelting) Smelting
100703 | Solid waste from gas treatment Abatement system
100704 | Other particulates and dust Storage, handling
100705 | Sludgesfrom gas treatment Abatement system
100706 | Spentliningsand refractories Furnace
100799 | Wastes not otherwise specified
100800 | Wastesfrom other non ferrous thermal metallurgy
100801 | Slags (first and second smelting) Smelting
1008 02 Dross and skimmings (first and second smelting) Smelting
100803 | Solid waste from gas treatment Abatement system
100804 | Other particulates and dust Storage, handling,
powder metal
process
100805 | Sludgesfrom gastreatment Abatement system
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Waste from the production of non ferrous metals

EWC Description Hazardous | Origin
Code Waste
100806 | Spent linings and refractories Furnace

100899 | Wastes not otherwise specified

110200 | Wastes and sludges from non ferrous
hydrometallurgical processes

060501 | Sludgefrom wastewater treatment on side Wastewater
treatment
110201 | Sludgesfrom copper hydro-metallurgy L eaching process
110202 | Sludgesfrom zinc hydro-metallurgy (including . L eaching process
jarosite, goethite)
110203 | Wastesfrom the production of anodes for aqueous Anode production
electrolytic processes plant

110204 | Sludges not otherwise specified

130100 | Waste hydraulic oils and break fluids

130101 | Waste hydraulic oils, containing PCPsor PCTs . Transformer
130102 | Other chlorinated hydraulic oils (not emulsions) . Transformer
130103 | non chlorinated hydraulic oils (not emulsions) . Transformer
130106 | Hydraulic oils containing only mineral oil . Transformer
130300 | Wasteinsulating and heat transmission oils and other
liquids
130301 | Insulating or heat transmission oils and other liquids . Transformer
130302 | Other chlorinated insulating oils and other liquids Transformer
containing PCBs or PCTs
130303 | non-chlorinated insulating and heat transmission oils | - Transformer
and other liquids
130304 | Synthetic insulating and heat transmission oils and . Transformer
liquids
130305 | Mineral insulating and heat transmission oils . Transformer

150200 | Absorbents, filter materials, wiping clothes and
protective clothing

150201 | Absorbents, filter materials, wiping clothes, protective Abatement system
clothes (dry de-dusting)

Table2.24: Materialsfrom non-ferrous metal production

Most of the materids listed above are recycled or reused within the non-ferrous metal industry
itself as well as in other industries, for example in the cement, abrasives manufacturing and
construction industries. It is not the intention to discard or dispose them. They are the result of
metal separation that is necessary for their recovery and the production of pure metals from
complex sources. Some examples are given below.

2.10.2 Applied process and techniques

2.10.2.1 Residues from the smelting process

The main resdues arising from the smdting of non-ferrous metals are dag, drosses and
skimmings removed during the pyrometalurgical processes. Slag is generated by the reaction of
dag forming accompanying elements (e.g. Fe) with added fluxes. In the smelting process the
dag is liquid and has a different density to the melted metal and can therefore be tapped off

separately.

Most of the dag generated by down-stream or refining operations in the non-ferrous metal
production processes can usualy be recycled or used for further metal recovery. The following
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figure shows the interna recycling of the dag produced during the production of primary
copper. In this example, molten dag obtained from the converter, which has a high copper
content, is returned to the smelter. The dag leaving the smelter is de-copperised in an electric
slag-cleaning furnace. This furnace is operated continuously with an amaost continuous flow of
dag. Depending on locd facilities the resulting clean dag is either granulated © produce
abrasives or cooled dowly and broken into lumps for filling or construction material.

slag (10 % Cu) blister
Pierce-Smith copper o
v Converter [—» to refining
Outokumpu Matte f
flash furnace Matte
slag
Electric Slag > (<1% Cu)
» Cleaning
dag (1-1.5 % Cu) Furnace

Figure 2.41: Electric furnace cleaning of copper slags

There is a distinction between dag with a high metal content, which is recycled within the
process and find dag with a low metal content. Severd facilities in the non-ferrous metal
industries have demonstrated that there is a market in which they are able to sell dag for further
beneficial use. The use of dag as a construction materia is only possible if the amount of the
leachable metal compounds is low. There are various tests to demonstrate this. Slag that cannot
be used as abrasive or in civil engineering and construction is sent for ultimate disposal to a
landfill.

SAt dag is generated by melting light metals (aluminium, magnesium). The use of a sdt flux
prevents the melted metal from oxidation and binds the impurities from the process. There are
different ways to minimise the amount of salt flux used as well as different treatment techniques
for sat and metal recovery that are available and they are discussed in more detail in Chapter 4
of this document.

Drosses and skimmings are generated by oxidation of metals at the bath surface or by reactions
with fireproof material used as furnace linings. The metal content of skimmings is relatively
high (between 20 and 80%), therefore they can normaly be recycled to the main process or
supplied as secondary raw materia to other non-ferrous metal plants.

Another source of residues is spent linings and refractories. These arise when refractory
material fals out of the furnace linings or when the furnace lining has to be renewed
completely. The durability of a furnace lining lies between a few weeks and several years
depending on the process and metal (e.g. for the Outokumpu flash furnace in the primary copper
production 6 to 10 years are possible). The amount of furnace lining material could rise up to 5
kg/t & metal produced according to the melted metal [tm 85, MURL Dusseldorf 1997]. The
following practices are used for furnace linings. - Treatment in a smelter to form an inert dag,
e.g. linings from a brass melting process are sent directly to a local secondary copper smelter;
use as a component in the tap-hole mass; landfill of inert linings. The following table gives an
overview of the amount of recycled, reused and discharged residues from some non-ferrous
meta smelting furnaces in Germany. In this sense recycling means that the residue is returned
to the process from where it has been produced. Reuse means that the residue is used for another
purpose e.g. Slag may be reused as a construction material.
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Residue Amount of residue reported in tonnesfor 1996
Recycled or Discharged to a Total amount
reused landfill

Refractory waste (Sificon 21 188 200
dioxide)
Refractory waste 1655 1145 2600
Refractory waste with 637 728 1365
harmful components
Sag 16869 3 16871
Drosses from lead smelting 1905 0 1905
Aluminium containing 45904 927 46831
skimmings
Magnesum containing 615 81 696
drosses
At dag from auminium 112435 0 112435
smelting
Other residues 343 0 348

Table 2.25: Amount of recycled, reused and discharged residues that have been reported in 1996
for some non-ferrous metal plantsin North-Rhine Westphalia
[tm 83, MURL Diisseldorf 1999]

2.10.2.2 Residues from the abatement system

The abatement system is another major source of solid materials. These are flue gas dust and
dudge recovered from the air pollution control equipment as well as other solid wagte like spent
filter material.

Dust from the storage and handling of raw material or from pre-processing unit operations is
collected by the ce-dusting system (usualy a bag filter) and sent back to the main process or
another smelter. In some cases the dust needs to be agglomerated before it can be recycled to the
raw materia storage and handling station.

Dust-laden off-gas from the smelting and refining facilities can be cleaned (as described in
section 2.8) by using different abatement techniques. The materia collected as dust by the off-
gas cleaning can be agglomerated and sent back to the smelter or supplied as a raw materia for
further meta recovery in other facilities. An example is the zinc rich dust from a converter or
an electric dag-cleaning furnace in the primary copper smelting process which can be treated as
a by-product and reused as a raw materia in a zinc recovery plant [tm 92, Copper Expert Group
1998]. Another example is the use of slica fume (micro silica), which is collected in the bag
filter by smdting sSlicon-metal or ferro-silicon and sold as a vauable by-product to the
congtruction industry.

The metal containing dudge from a scrubber is normally drained for instance in a chamber filter
press and sent back to the smelter.

When off-gas cleaning takes place in a dry de-dusting system, the filter materia occasionally
needs to be replaced. The filters contain metal compounds and particles from the process. There
are a number of examples where filter material is used in the pyrometallurgical process. If this
is not possible they are sent for ultimate disposa to an incinerator or landfill. The following
table gives some information about the amount of recycled, reused and discharged residues from
the abatement system in some non-ferrous metd plants in Germany.
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Residue Amount of residue reported in tonnes for 1996
Recycled or Discharged to a Total amount
reused landfill

Non-ferrous metd containing 6550 1886 3436

dust

Dust 201 13 214
Mineral resdues from the 2638 1752 4390
abatement system

Sudge 508 4 511
Aluminium contaning dust 1477 66 1543

Table 2.26: Amount of recycled, reused and discharged residues that have been reported in 1996
for some non-ferrous metal plantsin North-Rhine Westphalia
[tm 84, MURL Dusseldorf 1999]

2.10.2.3 Residues from liquid effluent treatment

Pyrometallurgical processes for the production of non-ferrous metals normally do not produce
harmful wastewater. The water is used for direct or indirect cooling of furnaces, blowing lances
and casting machines e. g. for copper-anode or continuous casting. This water is warmed up by
coaling the equipment but is normally not polluted with chemical impurities or meta particles.
Therefore cooling water is usualy discharged directly after settlement or another treatment step
back into the receiving source. Solid materid that is removed is returned to the smelter

If awet scrubber is used for cleaning the process off-gas, wastewater is generated. This stream
of wastewater has to be treated to reduce the amount of metal compounds. From this treatment,
dudge is produced that may be rich in metal and can sometimes be recycled to the processif the
metal content is high enough.

Process water arises from hydrometallurgical operations and presents a high risk of water
pollution. It has therefore to be cleaned in a wastewater treatment plant. The cleaning takes
place by neutralisation or precipitation of specific ions. The main residue from these effluent
trestment systems is gypsum (CaSO,) and meta hydroxides and sulphides. The dudge
sometimes is recycled back to the main production process when neutralisation does not present
abled for minor elements but more usudly it is disposed.

2.10.2.4 Residues from the non-ferrous metal hydrometallurgical processes

The production of non-ferrous metals by hydrometallurgical processes is another significant
source of solid residue. The leaching process can generate relatively large quantities of dudge
(e.g. approximately 0.3 to 0.5 tonnes iron based solids per tonne of zinc depending on the
quality of the concentrate). These residues are normally disposed in specially sealed lagoons.

The leaching and purification process and the electrolysis processes aso generate other metal
rich solids. They are usudly rich in a specific metal and can sometimes be recycled to the
production process or sent for metal recovery to other non-ferrous metals facilities (e.g. for the
production of precious metals, lead, copper and cadmium). The anode dime from the copper
tank house for instance is one of the most important raw materials of the recovery of precious
metals and b therefore considered as a vauable by-product of the copper production. These
issues are discussed in the chapters dealing with the individual metal groups.
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2.10.2.5 Other residues from the production of non-ferrous metals

There are severa other kinds of resdue like hydraulic and heet transmission oils that result from
regular maintenance of the equipment, for example the transformer for the electric furnaces.
This is usudly supplied to a used oil refinery (or in some Countries e.g. Italy, to a compulsory
consortium or agency). In some circumstances they can be used as a source of energy on Site.

2.10.3 Techniques to consider in the determination of BAT

This section presents a number of techniques for the prevention or reduction of emissions and
resdues as well as techniques reducing the overal energy consumption. They are al
commercialy available. Examples are given in order to demonstrate techniques, which illustrate
a high environmental performance. The Techniques that are given as examples depend on
information provided by the industry, European Member States and the valuation of the
European |PPC Bureau.

2.10.3.1 Minimisation of residues from the metallurgical process

As mentioned in section 2.10.2.1, the amount of dag and skimmings that is produced by
smelting metas is mainly influenced by the impurities of the raw material, so that cleaner
materias lead to reduced generation of these solids. In some cases this can be ensured by the
selection of the raw material that will be used. For example some zinc concentrates can contain
lower quantities of iron [tm 101L,NL Zn 1998], and the processes developed to used these
concentrates can minimise the production of iron based residues. The limited availability and
higher cost of these concentrates means that his is not a globa solution. For secondary
aluminium the pre treatment of scrap or the use of cleaner materials results in the reduction or
elimination of sat flux used depending on the furnace used. The economics of pre-treatment
need to be balanced.

On the other hand inappropriate storage and handling may lead to the wetting of materias. For
example in a reemelting process for auminium the water is vaporised with the consequence of
exploson.

The generation of skimmings can be minimised by optimising operation of the furnace e.g.
decreasing the burnrup by avoidance the overheating of melt. Modern process control
techniques are used to ensure optimised operation conditions.

To avoid oxidising the bath surface of a melt, a closed furnace operation could be used. For
example by melting duminium under a reducing atmosphere (rinsing the furnace with inert gas)
reduces the amount of skimmings that will be generated. Similarly the use of a pumping system
and a side well is another measure which can reduce oxidation.

Asit has been demonstrated that lead ashes and a large amount of the slag that is generated by
the smelting process can be recycled or reused to alarge extent.

Spent linings and refractories cannot be completely be avoided, but a decrease of the quantity
can be obtained by the following measures.

Careful construction of the brick lining of the furnace
Continuous use of the furnace and thus minimisation of the variations in temperature

Short impact time of the fluxing agents
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Avoidance of aggressive fluxing agents
Careful cleaning of furnaces and crucibles
Reduction of furnace agitation (rotation)

Under certain conditions, depending on the composition of the spent linings and refractories,
reuse is possible. For example refractories are reused in primary and secondary copper smelting
after grinding as cast-able or tapping mass or as a flux to adjust dag composition. Alternatively
the meta content can be separated from the material by milling and grinding and the spent
linings and efractories can be reused for construction purposes. The meta content can be
recycled to the smelter or supplied to other non-ferrous metal facilities.

2.10.3.2 Minimisation of residues arising from the abatement system

As described above, the main source of residue generated by the abatement system is flue gas
dust and sludge depending on the abatement technology. The volume of process gases that has
to be cleaned is largely dependent on the furnace type. For example a totally seadled furnace
develops far less flue dust than a semi closed or an open furnace.

As adready mentioned the metal laden dust can normally be recycled to the smelter or sold for
further beneficial use to other non-ferrous metal facilities. The direct reuse of dust as a raw
material often requires an agglomeration step as a pre-treatment process. Flue dust and dudge
may be processed in a variety of pyrometalurgical or hydrometallurgical processes.

Drying of the smelter feed can lead to a release of SO,, especidly when sulphidic ores o
concentrates are used as raw materia (the other source is the sulphur content of the fuel). The
gypsum (CaS0O,) produced in the SO, scrubber can sometimes be recycled to the dryer as part of
the furnace flux feed depending on the process used.

The quantity of spent filter bags may be decreased be using modern filter materials that are
more robust. Bag filters are characterised as an abatement technique that does not need very
much maintenance. In the case of bag damage the appropriate filter compartment can be
isolated with cover plates until repairs can be carried out safely. A filter change is normally
only necessary if 10 to 20% of the filter compartments were taken out of service.

The replacement of filter bags with modern, reliable fabrics is dten easy but the technica
requirements and the related investment costs of individua cases needs to be considered. Used
filter bags can be recycled into the smelter. In the case of a conversion or renewa of the filter
system, the service life and the filter susceptibility can generate fewer bags. If this result in
additional ingtallation costs they usualy can be compensated by the decrease in the number of
bag failures.

2.10.3.3 Reduction of residue generated by the effluent treatment

The avoidance of thermaly loaded cooling water to the environment can be reduced by the use
of different kinds of cooling systems, such as closed cooling systems, quasi closed systems and
open cycle cooling techniques (cooling towers). |If a closed cooling cycle (e.g. ar-coolers) is
used the release of cooling water can be minimised, some blow down may be required to avoid
sdt build up. It should be noted that the choice of the best cooling system depends on a variety
of site specific parameters. In order to minimise the impact of cooling on the environment as a
whole the BAT Reference Document for Cooling Systems should be consulted.

The amount of wastewater that is generated by a wet scrubber can be reduced if the treated
water is recycled back to the scrubber. To avoid an increasing content of sats in the washing
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water cycle a small quantity of water has to be bled continuoudly from the system and replaced
by fresh water.

2.10.3.4 Reduction of other residues arising from the production of non-ferrous
metals

All machinery that is operated in an industria instalation uses oil as a lubricant. This has to be
changed, due to metal pick-up and chemical reactions in the oil. Regular maintenance, repairs
and preventive maintenance can minimise oil loss by leakage and increases the intervals
between the ail change. A reduction of the quantity of used ail is reached also by the use of
filtration, which gives an extenson of the service life. For example by-pass filters may be
installed to continuously clean a small part of the al. These measures cause result in an
extension of the service life up to the factor of 10 depending on the specific filter system. If
used ail filters are collected separately they can be crushed in a shredder. The meta can be
reused in a smelter as secondary raw material, the oil can be centrifuged and then sent to a used
oil refinery.

2.10.3.5 Recycling and reuse of residues form non-ferrous metal smelting
processes

As dready shown in this section, residues from the production of non-ferrous metals can ke
recycled and reused to a large extent. The following table summarises the different possibilities
of recycling and reuse of these residues.
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Sour ce of the Associated Intermediate | Optionsfor recycling or reuse
residues Metals product or
Residue
Raw materials All metds Dust, sweepings Feed for the main process
handling etc.
Smelting furnace All metas Slag Return to smelting
Construction material after slag
treatment
Abrasiveindustry
Parts of slag may be used as
refractory material e.g. slag from
the production of chromium metal
Ferro-alloys Rich slag Raw materia for other ferro-aloy
processes
Converting furnace | Cu Slag Recycle to smelter
Refining furnaces Cu Slag Recycle to smelter
Pb Skimmings Recovery of other valuable metals
Precious metals | Skimmings and Internal recycle
(PMs) slag
Slag treatment Cuand Ni Cleaned slag Construction material
Matte Metal recovery
Melting furnace All metals Skimmings Return to process after treatment.
Slag Metal recovery
Secondary Al Sdt slag Metal, salt and oxide recovery
Electro-refining Cu Electrolyte bleed Recovery of Ni.
Anode remnants Return to converter
Anode slime Recovery of precious metals
Electro-winning Zn, Ni, Co, PMs | Spent electrolyte Reuse in leaching process
Fused salt Al SPL Carburant or disposal
electrolysis Excess bath Sale as electrolyte
) Anode stubs Recovery
NaandLi Cell material Scrap iron after cleaning
Distillation Hg Residues Reuse as process feed
Zn, Cd Residues Returnto ISF
Leaching Zn Ferrite residues Disposal, reuse of liquor
Cu Residues Disposal
Ni Cu/Feresidues Recovery, disposal
Sulphuric acid plant Catalyst Regeneration
Acid sludges Disposal
Weak acid L eaching, decomposition,
neutralisation
Furnace linings All metds Refractory Use as slagging agent, disposal
Milling, Grinding Carbon Carbon and Use asraw material in other
graphite dusts processes
Pickling Cu,Ti Spent acid Recovery
Dry abatement Most - using Filter dust Return to process
systems fabricfiltersor Recovery of other metals
EPs
Wet abatement Most - scrubbers | Filter sludge Return to process or recovery of
systems or wet EPs other metals (e.g. Hg). Disposal
Wastewater M ost Hydroxide or Disposal, reuse
treatment sludge sulphide sludges. Reuse
Digestion Alumina Red mud Disposal, reuse of liquor

Table2.27: Residuesand potential uses
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According to aresearch project on the avoidance and recycling of waste from a large number of
non-ferrous meta smelting plants in North-Rhine Westphalia the following breakdown can be
presented to demonstrate the importance of the different recycling routes [tm 83, MURL
Dusseldorf 1999] [tm 168, W. Neuhaus 1999].

Recycling routes in the non-ferrous metal industry

6%

O 1 Salt slag recovery

M 2 Flux

O 3 Construction industry
O 4 Iron & Steel industry
1 B 5 Remelting of NFM

2%

5 54% O 6 Backfilling of coal mines
16%
B 7 Metal recovery
O 8 Others
1% “:’
(AL L)

Figure 2.42: Different recycling routes according to the amount of residues generated by some non
ferrous metals producing plantsin North-Rhine Westpfalia

To achieve effective waste minimisation and recycling the following can be considered:

Waste minimisation audits can be conducted periodicaly according to a programme.

The active participation of staff can be encouraged in these initiatives.

Active monitoring of materials throughput, and appropriate mass baances should be
available. Monitoring should include water, power, and hest.

There should be a good understanding of the costs associated with waste production within
the process. This can be achieved by using accounting practices that ensure that waste
disposal and other significant environmental costs are attributed to the processes involved
and are not treated smply as a site overhead.
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2.11 Energy Recovery

Article 3(d) of the IPPC Directive requires that energy is used efficiently and this note includes
comment on energy use and it's place in the assessment of BAT under each of the metal
production chapters. Energy use in the non-ferrous metal industry is covered by a series of
reports prepared by the Centre for the Analysis and Dissemination of Demonstrates Energy
Technologies (CADDET). These reports have been used extensively in comparing techniques.

2.11.1 Applied techniques

Energy and heat recovery is practised extensvely during the production and casting of non-
ferrous metals. Pyrometallurgical processes are highly heat intensive and the process gases
contain a lot of heat energy. As a consequence recuperative burners, heat exchangers and
boilers are used to recover this heat. Steam or electricity can be generated for use on or off site
and process or fuel gases can be pre-heated [tm 118, ETSU 1996]. The technique used to
recover heat varies from site to site. It is governed by a number of factors such as the potential
uses for heat and energy on or near the site, the scale of operation and the potential for gases or
their constituents to foul or coat heat exchangers.

The following examples are typica and congitute techniques to consider for use in the
processes to produce non-ferrous metals [tm 118, ETSU 1996]. The techniques described can
be incorporated into many existing processes.

The hot gases produced during the smelting or roasting of sulphide ores are dmost always
passed through steam raising boilers. The steam produced can be used to produce
electricity and/or for heating requirements. An example of this in where a copper smelter
produces 25% of its eectrical requirements (10.5 MVA) from the steam produced by the
waste heat boiler of a flash furnace. In addition to electricity generation, steam is used as
process steam, in the concentrate dryer and residual waste heat is used to pre-heat the
combustion air.

Other pyrometalurgical processes are aso strongly exothermic, particularly when oxygen
enrichment of combustion air isused. Many processes use the excess heat that is produced
during the smelting or conversion stages to melt secondary materials without the use of
additiond fuel. For example the heat given off in the Pierce-Smith converter is used to melt
anode scrap. In this case the scrap materia is used for process cooling and the additions are
carefully controlled, this avoids the need for cooling the converter by other means at various
times of the cycle. Many other converters can use scrap additions for cooling and those that
are not able are subject to process developmentsto adlow it.

The use of oxygen enriched air or oxygen in the burners reduces energy consumption by
allowing autogenic smelting or the complete combustion of carbonaceous material. Waste
gas volumes are significantly reduced alowing smaller fans etc to be used.

Furnace lining material can aso influence the energy balance of a melting operation. In this
case Low Mass refractories are reported to have a beneficial effect by reducing the thermal
conductivity and storage in an ingdlation. [tm 106, Farrell 1998]. This factor must be
balanced with the durability of the furnace lining and metd infiltration into the lining and
may not be applicable in al cases.

Separate drying of concentrates at |low temperatures reduces the energy requirements. This
is due to the energy required to super heat the steam within a smelter and the significant
increase in the overal gas volume, which increases fan size.
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The production of sulphuric acid from the sulphur dioxide emitted from roasting and
smelting stages is an exothermic process and involves a number of gas cooling stages. The
heat generated in the gases during conversion and the heat contained in the acid produced
can be used to generate steam and /or hot water.

Heat is recovered by using the hot gases from melting stages to pre-heat the furnace charge.
In asmilar way the fuel gas and combustion air can be pre-heated or a recuperative burner
used in the furnace. Thermal efficiency isimproved in these cases. For example, nearly al
cathode/copper scrap melting shaft furnaces are natural gas fired, the design offers an
thermd efficiency (fud utilisation) of 58% to 60%, depending on diameter and height of the
furnace. Gas consumption is approximately 330 kWh/tonne of metal. The efficiency of a
shaft furnace is high, principally because of charge preheating within the furnace. There
can be sufficient residua hest in the off-gas to be recovered and re-used to heat combustion
air and gas. The heat recovery arrangement requires the diversion of the furnace stack gases
through a suitably sized heat exchanger, transfer fan and ductwork. The heat recovered is
approximately 4% to 6% of the furnace fuel consumption.

Cooling prior to a bag filter installation is an important technique as it provides temperature
protection for the filter and alows a wider choice of fabric. It is sometimes possible to
recover heat at this stage. For example in atypical arrangement used by a shaft furnace to
melt metal, gases from the top of the furnace are ducted to the first of two heat exchangers
that produces preheated furnace combustion air. The temperature of the gases after this heat
exchanger can be between 200 and 450 °C. The second heat exchanger reduces the gas
temperature to 130 °C before the bag filter. The heat exchangers are normally followed by a
cyclone, which removes larger particles and acts as a spark arrester.

Carbon monoxide produced in an electric or blast furnace is collected and burnt as a fue for
several different processes or to produce steam or other energy. Significant quantities of the
gas can be produced and examples exist where a mgjor proportion of the energy used by an
ingtalation is produced from the CO collected from an electric arc furnace ingtallation. In
other cases the CO formed in an eectric furnace burns in the furnace and provides part of
the heat required for the melting process.

The re-circulation of contaminated waste gas back through an oxy-fuel burner has resulted
in significant energy savings. The burner recovers the waste heat in the gas, uses the energy
content of the contaminants and removes them [tm 116, Alfed 1998]. Such a process can
a so reduce nitrogen oxides.

The use of the heat content of process gases or steam to raise the temperature of leaching
liquors is practised frequently. In some cases a portion of the gas flow can be diverted to a
scrubber to recover heat into the water, which is then used for leaching purposes. The
cooled gas is then returned to the main flow for further abatement.

During the smelting of electronic scrap or battery scrap in metallurgical vessels the heat
content of the plastic content is used to melt the metal content and other additional scrap
and dag forming components.

The advantage of preheating the combustion air used in burners is well documented. If an air
preheat of 400 °C is used there is an increase in flame temperature of 200 °C, while if the
preheat is 500 °C the flame temperature increases by 300 °C. This increase in flame
temperature results in a higher melting efficiency and a reduction in energy consumption.

The dternative to preheating the combustion air is to preheat the materia charged to the
furnace. Theory shows that 8% energy savings can be obtained for every 100 °C preheat and in
practice it is claimed that preheating to 400 °C leads to 25% energy savings while a preheat of
500 °C leads to a 30% energy savings. Pre-heating is practised in a variety processes for
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example the pre-heating of the furnace charge using the hot furnace off-gases during the

production of ferro-chrome.

The following figure illustrates the energy baance of the Contimelt process, which uses the

rising, hot gases in a shaft furnace to pre-heat the charge.

Poling Furnace Anode Shaft Furnace
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2%
\\ 53%
o a
Radiation and
i 2 45%
Air

1% preheater

\ Slag

N\ » 50

Radiation, convection
5%
\ N~
\ -~
~— N\
" Waste heat boiler
. S Steam
Air N }
preheate ~. 15%
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Figure 2.43: Energy balance of the Contimelt process
[tm 124, DFIU Cu 1999

Heat and energy recovery is therefore an important factor in this industry and reflects the high
proportion of costs that energy represents. Many techniques for energy recovery are relatively
easy to retrofit [tm 118, ETSU 1996] but there are occasionally some problems of deposition of
metal compounds in heat exchangers. Good design is based on a sound knowledge of the
compounds released and their behaviour at various emperatures. Heat exchanger cleaning
mechanisms are aso used to maintain thermal efficiency.

Whilst these savings are examples of individua components of ingtalations they are critically
dependant upon the site and process specific conditions including economics.
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2.12 Cross Media Issues

Cross media issues result from the abatement of emissions from one environmental medium
producing emissions to another environmental medium. 1PPC encourages the prevention of
emissions by process design and good operation and maintenance. This factor will minimise the
overal environmental impact on al environmental media. Few processes can be operated with
zero emissions but some “Clean Technologies’ are suggested as techniques to consider when
determining BAT. The principles of the minimisation and reuse of residues and water and the
energy recovery techniques discussed above are prime examples of this.

In a smilar way the use of oxygen, the minimisation of the transfer of molten materia in ladles
and the collection and re-circulation or converson of gases are aso sgnificant factors in
minimisng cross media issues. Common examples are the collection of chlorine from
electrolysis with re-use in aleaching stage and the recovery of sulphur dioxide.

The choice of abatement process is aso a sgnificant factor and a prime example is a
comparison of a wet scrubber with a fabric filter. The wet scrubber will generate an effluent
from the liquor bleed and will also generate a wet dudge. Wet sludges may be more dfficult to
re-use and may cause problems at a disposa site but they will not form a dust during storage.
On this basis a wet scrubber is less attractive than a fabric filter and also suffers from inferior
particle removal in most instalations. The wet scrubber however does have an application
where the dust to be removed is very abrasive and dense or is very hygroscopic. In these cases
rapid wear or bag blinding can make a fabric filter very difficult to operate and can result in
significant emissions during breakdown. pH controlled wet scrubbing is very efficient in SO,
absorption from gases with low SO, concentrations. These factors need to be considered and
baance on a site-specific basis.

The environmental cost of producing the energy required for processes and abatement is another
important cross-media effect. This factor is taken into account in the examples used in this
document. There are difficulties however in making direct comparisons and issues such as the
source of the energy for a particular site can make this a complicated assessment.

The assessment of Cross Media Issues is a significant factor and is identified under the metal
specific chapters where site and technique specific aspects are illustrated.

2.13 Noise and Vibration

Noise and vibration are common issues in the sector and the sources are encountered in all
sections of the Industry. Process noise emitted from an instalation into the surrounding
environment is a factor that has caused many complaints in the past and some information about
causes and approaches to prevent and minimise noise and vibration have been received. The
effect of noise on operators within an ingtallation is not within the scope of this note.

The significant sources are transport and handling of raw meaterials and products; the production
processes involving pyro-metalurgy, grinding and milling operations, the use of pumps and
fans; the venting of steam and the existence of unattended alarm systems. Noise and vibration
can be measured in a number of ways but generaly the detail is site specific and takes account
of the frequency of the sound and the location of population centres.

New plant can be specified with low noise and vibration levels. Good maintenance can prevent
equipment such as fans and pumps from becoming un-balanced. The interconnections between
equipment can be designed to prevent or minimise the transmission of noise. Common noise
abatement techniques are: -
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the use of embankments to screen the source of noise;

the enclosure of noisy plant or components in sound absorbing structures;
the use of anti-vibration supports and interconnections for equipment;

the orientation of noise emitting machinery and

the change of the frequency of the sound.

2.14 Odour

There are severa potential sources of odour in the non-ferrous metal industry. The most
sgnificant are metal fume, organic oils and solvents, sulphides from dag cooling and
wastewater treatment, chemical reagents used in hydro-metdlurgical and effluent treatment
processes (e.g. anmonia) and acid gases. Odours can be prevented by careful design, choice of
reagents and by correct material handling. For example production of ammonia from
auminium skimmings can be prevented by keeping the materia dry.

The abatement techniques described earlier in this chapter will al contribute to the prevention
and eimination of odours. The generd principles of “Good House-keeping” and good
mai ntenance practice aso have amajor contribution to prevention and control.

The basic hierarchy of the principles of odour control are: -
to prevent or minimise the use of malodorous materias;

to contain and extract odorous materials and gases before they are dispersed and
diluted;

to treat them possibly by after burning or filtration.

The use of biologica media such peat or similar material that acts as a substrate for suitable
biological species has been successful in removing odours [tm 159, VDI 1996]. The removal of
odours can be a very complex and expensive process if strongly odorous meterials are diluted.
The treatment of very large gas volumes with low concentrations of odorous materials requires
major process plant.

DEODORISED AIR
IMPERVIOUS STRUCTURE
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Figure 2.44: Arrangement of a smple Bio-filter
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2.15 Safety Aspects

The genera policy for the prevention of, the preparation for and the response to industria
accidentsis based on the following principles. -

2.15.1 Prevention principle

The plant construction and operation in such a way as to prevent the uncontrolled
development of abnormal operation.

the plant construction and operation in such a way that the consequences of accidents
are reduced.

the plant construction and operation according to the best available safety techniques
(state of the art safety technology).

2.15.2 Consideration of complex systems in process industries

Complex systems can only be examined sufficiently by means of systematic, logical methods.
Thisis taken into account by applying: -

systematic anaytical investigation methods such as Hazard and Operability studies
(HAZOP),

detailed safety analysis considering the conditions of the individua case.

2.15.3 Appropriateness of means

Safety requirements are graded according to "type and scope of hazards to be expected’. To
this end, rules within Member Sates are usually set up for:

substances relevant to accidents (substance criteria, list of substances),
industrial activities relevant to accidents (list of plants).
The objective dependence of the disaster potential upon the quantity of hazardous substancesis

considered by a quantity threshold concept that defines staged safety requirements as a function
of quantity.
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2.16 Plant operation and decommissioning

Article 3(f) of the IPPC Directive requires that the necessary measures are taken upon definitive
cessation of activities to avoid any pollution risk and return the site of operation to a satisfactory
state. Soil and water protection are of mgjor importance and re-suspension of soil and dust to
ar needs to be prevented. An integrated approach means that the following measures are taken

at least:

minimise the amount of soil that needs to be excavated or replaced due to construction
and to make sure that excavated soil material is treated carefully (in order to avoid
harmful changes of soil properties);

minimise the input of substances into the soil by leakage, aerial depostion and
inappropriate storage of raw materias, products or residues during the operationa phase

of afacility;

assessment of historical contamination to take account of conditions prior to regulation
to ensure a clean closure when a facility is shut down, e.g. clean up and rehabilitation
with regard to the future use of the area. Natural soil functions should be safeguarded, if

feasible.
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2.17 Best Available Techniques

In understanding this section and its contents, the attention of the reader is drawn back to the
preface of this document and in particular the fifth section of the preface: “How to understand
and use this document”. The techniques and associated emission and/or consumption levels, or
ranges of levels, presented in this section have been assessed through an iterative process
involving the following steps.

identification of the key environmental issues for the sector;

examination of the techniques most relevant to address those key issues,

identification of the best environmental performance levels, on the basis of the available
data in the European Union and world-wide;

examination of the conditions under which these performance levels were achieved; such as
costs, cross-media effectss, man driving forces involved in implementation of this
techniques,

sdection of the best available techniques (BAT) and the associated emission and/or
consumption levels for this sector in a generd sense dl according to Article 2(11) and
Annex 1V of the Directive.

Expert judgement by the European IPPC Bureau and the relevant Technical Working Group
(TWG) has played a key role in each of these steps and in the way in which the information is
presented here.

On the basis of this assessment, techniques, and as far as possible emission and consumption
levels associated with the use of BAT, are presented in this section that are considered to be
appropriate to the sector as a whole and in many cases reflect current performance of some
ingtalations within the sector. Where emission or consumption levels “associated with best
available techniques’ are presented, this is to be understood as meaning that those levels
represent the environmenta performance that could be anticipated as a result of the application,
in this sector, of the techniques described, bearing in mind the balance of costs and advantages
inherent within the definition of BAT. However, they are neither emission nor consumption
limit values and should not be understood as such. In some cases it may be technically possible
to achieve better emission or consumption levels but due to the costs involved or cross media
considerations, they are not considered to be appropriate as BAT for the sector as a whole.
However, such levels may be considered to be justified in more specific cases where there are
specia driving forces.

The emission and consumption levels associated with the use of BAT have to be seen together
with any specified reference conditions (e.g. averaging periods).

The concept of “levels associated with BAT” described above is to be distinguished from the
term “achievable level” used elsawhere in this document. Where a leve is described as
“achievable” using a particular techniqgue or combination of techniques, this should be
understood to mean that the level may be expected to be achieved over a substantial period of
timein awell maintained and operated installation or process using those techniques.

Where available, data concerning costs have been given together with the description of the
techniques presented in the previous section. These give a rough indication about the
magnitude of costs involved. However, the actua cost of applying a technique will depend
strongly on the specific dtuation regarding, for example, taxes, fees, and the technica
characteristics of the ingtallation concerned. It is not possible to evaluate such site-specific
factors fully in this document. In the absence of data concerning costs, conclusions on
economic viability of techniques are drawn from observations on existing installations.

It is intended that the general BAT in this section are a reference point against which to judge
the current performance of an existing ingtallation or to judge a proposa for a new installation.
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In this way they will assst in the determination of appropriate "BAT-based" conditions for the
ingtallation or in the establishment of genera binding rules under Article 9(8). It is foreseen
that new installations can be designed to perform at or even better than the general BAT levels
presented here. It is aso considered that existing installations could move towards the genera
BAT levels or do better, subject to the technical and economic applicability of the techniques in
each case.

While the BREFs do not set legaly binding standards, they are meant to give information for
the guidance of industry, Member States and the public on achievable emisson and
consumption levels when using specified techniques. The appropriate limit values for any
specific case will need to be determined taking into account the objectives of the IPPC Directive
and the local considerations.

It is not possible to conclude the Best Available Techniques for al of the common process
stages because of the influence of the specific metal group. For example the sdlection
production process can only be done on a metal by metd basis after taking account of the
various influences of raw materias that are available etc. The Best Available Techniques
included in this section for the common processes are: -

Materias handling and storage;

Process control;

Fume and gas collection;

Sulphur removd;;

Prevention and destruction of dioxins; and

Removal of mercury from process gases.

2.17.1 Materials handling and storage

The techniques that are used depend to a large extent on the type of materia that is being used.
For example large, heavy items are treated by a completely different range of techniquesto fine,
dusty materiadl. These issues are specific to individual sites and materials. There are however,
severa techniques that are considered to be BAT in preventing emissions from material storage
and handling processes.

These techniques are listed earlier in this chapter under techniques to consider in the
determination of BAT. There are however, severa techniques that are considered more effective
in preventing releases from raw materia handling. These techniques are:

The use of liquid storage systems that are contained in impervious bunds that have a
capacity capable of containing at least the volume of the largest storage tank within the
bund. Various guidelines exist within each Member State and they should be followed as
appropriate. Storage areas should be designed so that |eaks from the upper portions of tanks
and from ddlivery systems are intercepted and contained in the bund. Tank contents should
be displayed and associated alarms used. The use of planned deliveries and automatic
control systems to prevent over filling of storage tanks.

Sulphuric acid and other reactive materials should also be stored in double walled tanks or
tanks placed in chemically resistant bunds of the same capacity. The use of leak detection
systems and alarms is sensible. If there is arisk of ground water contamination the storage
area should be impermeable and resistant to the materia stored.
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Delivery points should be contained within the bund to collect spilled of materid. Back
venting of displaced gases to the delivery vehicle should be practised to reduce emissions of
VOCs. Use of automatic resedling of delivery connections to prevent spillage should be
considered.

Incompatible materias (e.g. oxidising and organic materials) should be segregated and inert
gases used for storage tanks or areas if needed.

The use of oil and solid interceptors if necessary for the drainage from open storage aress.
The storage of material that can release oil on concreted areas that have curbs or other
containment devices. The use of effluent treatment methods for chemica species that are
stored.

Transfer conveyors and pipelines placed in safe, open areas above ground so that leaks can
be detected quickly and damage from vehicles and other equipment can be prevented. If
buried pipelines are used their course can be documented and marked and safe excavation
systems adopted.

The use of well designed, robust pressure vessals for gases (including LPG’s) with pressure
monitoring of the tanks and ddivery pipe-work to prevent rupture and leskage. Gas
monitors should be used in confined areas and close to storage tanks.

Where required, sedled delivery, storage and reclamation systems can be used for dusty
materials and silos can be used for day storage. Completely closed buildings can be used
for the storage of dusty materials and may not require specid filter devices.

Sealing agents (such as molasses and PVA) can be used where appropriate and compatible
to reduce the tendency for material to form dust.

Where required enclosed conveyors with well designed, robust extraction and filtration
equipment can be used on delivery points, silos, pneumatic transfer systems and conveyor
transfer points to prevent the emission of dust.

Non-dusty, non-soluble material can be stored on sealed surfaces with drainage and drain
collection.

Swarf, turnings and other oily material should be stored under cover to prevent washing
away by rain water.

Rationalised transport systems can be used to minimise the generation and transport of dust
within a site. Rainwater that washes dust away should be collected and treated before
discharge.

The use of wheel and body washes or other cleaning systems to clean vehicles used to
deliver or handle dusty material. Local conditions will influence the method eg. ice
formation. Planned campaigns for road sweeping can be used.

Inventory control and inspection systems can be adopted to prevent spillages and identify
leaks.

Materia sampling and assay systems can be incorporated into the materials handling and
storage system to identify raw materiad qudity and plan the processing method. These
systems should be designed and operated to same high standards as the handling and storage
systems.
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Storage areas for reductants such as coal, coke or woodchips need to be surveyed to detect
fires, caused by self-ignition.

The use of good design and construction practices and adequate maintenance.

The following table summarises the techniques on the basis of type and characteristics of the

meaterial.
Raw material M etal M ethod for M ethod for Comments
group handling storage
Concentrates: - All Enclosed conveyors | Enclosed building Prevention of
Dust forming or pneumatic water
Covered conveyors Covered store contamination.
Non dust forming
Fine grained material Refractory | Enclosed conveyors | Closed drum, bins Prevention of
like metal powder metals or pneumatic and hoppers water
Covered conveyors contamination
and fugitive air
emissions
Secondary raw All Prevention of
materials: - water
Largeitems Mechanical |oader Open contamination.
Smdl items Charge skips Covered bays Reactions with
Fines Enclosed or Enclosed if dusty water.
agglomerated
Swarf Covered Qily drainage.
Fluxes: - All Prevention of
Dust forming Enclosed conveyors | Enclosed building water
or pneumatic contamination.
Non dust forming Covered conveyors Covered store
Solid fuel & coke: - All Covered conveyors Covered store If not dust
forming.
Liquid fuelsand LPG All Overhead pipeline Certified storage Back venting of
Bunded areas. delivery lines
Process gases: - Pressure loss
Oxygen All Overhead pipeline Certified storage monitoring,
Chlorine, CO Al, PM, Ni Reduced pressure Alarmsfor toxic
pipeline gases.
Solvents Cu, Ni, Zn | Overhead pipeline Drums, tanks Back venting of
group, Manual delivery lines.
Precious
metals,
Carbon
Products — Cathodes, All Depends on Open concretearea | Appropriate
wire-rod, billets, ingots, conditions. or covered storage. drainage
cakes etc. system.
Process residues for All Depends on Open, covered or Appropriate
recovery. conditions. enclosed depending | drainage
on dust formation system.
and reaction with
water.
Wastes for disposal. All Depends on Open covered or Appropriate
(e.g. furnacelinings) conditions. enclosed bays or drainage
sealed (drums) system.

depending on the
meaterial.

Table2.28: Summary of handling and stor age techniques
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2.17.2 Process control

The principles of Best Available Techniques include the concepts of how a process is designed,
operated, controlled, manned and maintained. These factors adlow good performance to be
achieved in terms of emission prevention and minimisation, process efficiency and cost savings.
Good process control is used to achieve these gains and also to maintain safe conditions.

Process operation and control has developed recently in this sector and is applied to a variety of
processes. The following techniques are used: -

Sampling and andysis of raw materials to control plant conditions. Good mixing of different
feed materials should be achieved to get optimum conversion efficiency and reduce emissions
and rejects.

The use of feed weighing and metering systems.

The use of microprocessors to control material feed-rate, critical process and combustion
conditions and gas additions. Severa parameters can be measured to alow processes to be
controlled, darms are provided for critical parameters: -

Ontline monitoring of temperature, furnace pressure (or depression) and gas volume or flow
is used.
Gas components (O,, SO,, CO) are monitored.
Ontline monitoring of vibration is used to detect blockages and possible equipment failure.
Ontline monitoring of the current and voltage of eectrolytic processes.
Ontline monitoring of emissions to control critical process parameters.
Mon|t0r| ng and control of the temperature of melting furnaces to prevent the production of
metal and meta oxide fume by overheating.

Operators, engineers and others should be continuoudly trained and assessed in the use of
operating instructions, the use of the modern control techniques described and the significance
of and the actions to be taken when alarms are given.

Optimisation of levels of supervision to take advantage of the above and to maintain operator
respongibility.

2.17.3 Fume and gas collection

Emissons to ar arise from the storage, handling, pre-treatment, pyro-metdlurgica and
hydrometallurgica stages. Transfer of materias is particularly important. Data provided has
confirmed that the significance of fugitive emissions in many processes is very high and that
fugitive emissions can be much greater than those that are captured and abated. 1n these casesiit
is possble to reduce environmenta impact by following the hierarchy of gas collection
techniques from material storage and handling, reactors or furnaces and from material transfer
points. Potential fugitive emissions must be considered at al stages of process design and
development. The hierarchy of gas collection from all of the processes stages are: -

Process optimisation and minimisation of emissons such as therma or mechanica pre-
treatment of secondary material to minimise organic contamination of the feed.

The use of sealed furnaces or other process units to prevent fugitive emissions, alow heat
recovery and alow the collection of process gases for other use (e.g. CO asafuel and SO,
as sulphuric acid) or to be abated.

The use of semi-sealed furnaces where sealed furnaces are not available.

The minimisation of material transfers between processes.
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Where such transfers are unavoidable, the use of launders in preference to ladles for molten
materials.

In some cases, restricting techniques to those that avoid molten materia transfers would
prevent the recovery of some secondary materials that would otherwise enter the waste
stream. In these cases the use of secondary or tertiary fume collection is appropriate.
Hooding and ductwork design to capture fume arising from hot metal, matte or dag
transfers and tapping.

Furnace or reactor enclosures may be required to prevent release of fume losses into the
atmosphere.

Where primary extraction and enclosure are likely to be ineffective, then the furnace can be
fully closed and ventilation air drawn off by extraction fans to a suitable treatment and
discharge system.

Roofline callection of fume is very energy consuming and should be a last resort.

2.17.4 Sulphur dioxide removal

The Best Available Techniques for the remova of sulphur dioxide remova depends on the
degree of fixation of sulphur in a matte or dag to prevent the formation of sulphur dioxide and
on the strength of the gas that is produced. For very low strength gases a wet or semi-dry
scrubber, producing gypsum for saleif possible, is considered to be BAT.

For higher strength gases the recovery of sulphur dioxide using cold water absorption followed
by a sulphuric acid plant for the remaining gas and the stripping and production of liquid
sulphur dioxide from the absorbed liquor is considered to be BAT where local markets exist for
the material. The use of a double contact sulphuric acid plant with a minimum of four passesis
considered to be BAT. The principle of maximising the inlet gas concentration is aso
considered as BAT so that the subsequent removal process can operate at maximum efficiency.
The following factors are considered to be BAT for a sulphuric aid plant usng smelter off-
gases.

A double contact, double absorption plant with a minimum of 4 passes can be used in a new
ingtalation. A caesum doped catalyst can be used to improve conversion. It may be
possible to improve existing catdysts during maintenance periods by incorporating caesium
doped catalysts when catalyst additions are made. This can be particularly effective when
used in the final passes where the sulphur dioxide content is lower but to be fully effective
must be accompanied by improvements in other areas.

Gases are diluted before the contact stages to optimise the oxygen content and give a
sulphur dioxide content to ~ 14% or dightly above to suit the thermd limits of the catalyst
carrier material. Caesium oxide doping is required for such high inlet concentrations as it
allows alower first passinlet temperature.

For low, varying sulphur dioxide concentrations (1.5 to 4%) a single absorption plant such
as the WSA process, could be used for existing plants. The use of a caesum oxide doped
catayst in the final pass can be used to achieve optimum performance and can be
incorporated during routine catalyst changes or during maintenance. To be fully effective
this should be accompanied by improvements in other areas such as ggs cleaning to protect
the catalyst from poisoning. Conversion to double contact is complex and expensive but the
use of a single contact plant with tail gas de-sulphurisation if necessary, to produce gypsum
for sale can alow energy savings and lower waste generation.

Fluorides and chlorides should be removed to prevent damage to downstream plant
structure.
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Dust should be removed from the gas stream prior to the catalyst stages, giving a fina gas
quality of < 1mg dust /Nn? (optically clear). Mercury should also be removed at this stage
if the mercury content of the feed materia warrants this. Existing plants without mercury
removal could use an ion exchange process or precipitation, for example as mercury
thiosul phate, to remove mercury from the acid if thisis necessary.

Sulphur trioxide should be reduced to give an inlet gas concentration below ~15 - 25
mg/Nn?. The weak acid produced can be decomposed and used for acid production.

Gas heating systems with automatic control should be used where the gasis very weak and
the heat of reaction is insufficient to maintain the catalyst bed temperature.

e Gases are cooled to a temperature satisfying the acid plant water balance. The temperature
is dependent on the SO, concentration of the gas and the concentration of the acid produced.
A gas with 4 - 6% SO, requires cooling to temperatures below 30 °C while a gas with an
SO, content well above 10% can tolerate gas temperatures of approximately 35 - 40 °C,
when producing 98.5% grade acid.

e The use of candle filters to remove acid mists prior to the fina stack is considered to be
BAT in cases where an acid mist is produced.

2.17.5 Prevention and the destruction of dioxins

The presence of dioxins or their formation during a process needs to be considered for many of
the pyro-metallurgical processes used to produce non-ferrous metals. Particular instances are
reported in the metal specific chapters and in these cases the following factors are considered to
be BAT for the prevention of the formation of dioxins ad the destruction of any that are
present. These techniques may be used in combination. Some non-ferrous metal's are reported
to catalyse de-novo synthesis and it is sometimes necessary to have a clean gas prior to further
abatement.

Quality control of scrap inputs depending on the process used. The use of the correct feed
materia for the particular furnace or process. Selection and sorting to prevent the addition
of materia that is contaminated with organic matter or precursors can reduce the potentia
for dioxin formation.

The use of correctly designed and operated afterburners and rapid quenching of the hot
gasesto < 250 °C.

The use of optimum combustion conditions. The use of oxygen injection in the upper part
of afurnace to ensure complete combustion of furnace gases if necessary to achieve this.

Absorption onto activated carbon in a fixed bed or moving bed reactor or by injection into
the gas stream, and removal asfilter dust.

Very high efficiency dust removal, for example ceramic filters, high efficiency fabric filters
or the gas cleaning train prior to a sulphuric acid plant.

The use of a catalytic oxidation stage or fabric filters that incorporate a cataytic coating.

Treatment of collected dusts in high temperature furnaces to destroy dioxins and to recover
metals.
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The emission concentrations that are associated with the above processes are < 0.1 to 0.5
ng/Nn? depending on the feed, the smelting or melting process and the techniques or
combination of techniques that are used for dioxin remova.

2.17.6 Removal of mercury

Mercury removal is necessary when using some raw materials that contain the metal. Specific
instances are referred to in the metal specific chapters and in these cases the following
techniques are considered to be BAT.

The Boliden/Norzink process with the recovery of the scrubbing solution and production of
mercury metal.

Bolchem process with the filtering off the mercury sulphide to alow the acid to be returned
to the absorption stage.

Outokumpu process.

Sodium thiocyanate process.

Activated Carbon Filter. An adsorption filter using activated carbon is used to remove
mercury vapour from the gas stream as well as dioxins.

For processes where mercury remova from the gases is not practicable the two processes to
reduce the mercury content in sulphuric acid produced during the production of non-ferrous
metals are considered to be BAT.

Superlig lon Exchange process.
Potassium iodide process.

The emissions associated with the above processes are related to any residual mercury that will
be present in the acid that is produced, the product specification is normally < 0.1 ppm (mg/l)
and is equivalent to ~ 0.02 mg/Nn7 in the cleaned gas.

2.17.7 Effluent treatment and water reuse

The best available techniques are a combination of the different trestment methods and can only
be chosen on a gite by site basis by taking into account the site-specific factors. The most
important factors to decide, which in a specific case would be the best solution in order to
minimise the amount of wastewater and the concentration of the pollutants are:

The process where the wastewater is generated,
The amount of water,
The pollutants and their concentrations,

The most common pollutants are metals and their compounds and initial treatment focuses on
precipitation of the metals as hydroxides or sulphides using one or more stages followed by the
remova of the precipitate by sedimentation or filtration. The technique will vary depending on
the combination of pollutants but the following table summarises the methods described earlier.
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Sour ce of Associated metals Minimisation methods | Treatment Methods
wastewater produced
Process water Alumina production, Return to process as Neutrdisation
L ead-acid battery far as possible. precipitation and
breaking. Settlement.
Fickling. Electrolysis.
Indirect Furnace cooling for Use of sedled Settlement.
cooling water most metals. cooling system.
Electrolyte cooling System monitoring
for Zn to detect leaks.
Direct cooling Cu castings. Settlement or other Settlement.
water Carbon electrodes. treatment. Precipitation if
Closed cooling needed.
system.
Slag Cu, NI, Pb, Precious Settlement.
granulation metals, ferro aloys Precipitation if
needed.
Electrolysis Cu, NI, Zn Sedled system. Neutralisation and
Electro-winning of precipitation.
electrolyte bleed.
Hydro- Zn, Cd Seded system. Settlement.
metallurgy Blow-down Precipitation if
(blow-down) treatment. needed.
Abatement Wet scrubbers. Blow-down Settlement.
system (blow- Wet EPs and treatment reuse of Precipitation if
down) scrubbers for acid weak acid streams if needed.
plants. possble.
Surface water All Good raw materias Settlement.
storage Precipitation if
needed.
Filtration.

Table2.29: Overview of wastewater streams

2.17.8 Other common processes

The Best Available Techniques for al of the other processes that have been discussed in this
chapter are those that comprise the techniques to consider in the determination of BAT in the
various sub sections.  These techniques to consider should therefore be referred to.  Further
details are given in the meta specific chapters when individual factors that may affect the
choice of technique are discussed where they are appropriate.
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2.18 Emerging Techniques

Emerging techniques are reported here only for the common processes described above under
the section Best Available Techniques. Emerging Techniques for other processes are reported
on in the subsequent chapters.

No additional techniques were reported for Materials Handling and Storage, Removal of
Mercury and Prevention and Destruction of Dioxins.

2.18.1 Sulphur removal
The following emerging techniques have been identified [tm 209, JOM 1999].

A combination of a single contact sulphuric acid plant and a modified tower acid plant is
reported to achieve a sulphur removal efficiency two orders of magnitude greater than
conventional processes. Tail gas SO, concentration is reported to be < 3ppm.

A biologicd flue gas de-sulphurisation process that converts SO, from emissions to air or
water into eementa sulphur with better than 95% removal efficiency.
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3 PROCESSES TO PRODUCE COPPER AND ITS ALLOYS
(INCLUDING Sn AND Be) FROM PRIMARY AND
SECONDARY RAW MATERIALS

3.1 Applied Processes and Techniques

3.1.1 Primary copper

Primary copper may be produced from primary concentrates and other materials by
pyrometdlurgical or hydrometallurgical routes [tm 22, EC 1991; tm 27, HMIP Cu 1993; tm 26,
PARCOM 1996]. Concentrates contain various amounts of other metals besides copper and the
processing stages are used to separate these and recover them as far as possible [tm 92, Copper
Expert Group 1998]. The generic processes are discussed below.

3.1.1.1 The pyrometallurgical route

This entails a number of steps depending on the concentrate used. The majority of concentrates
are sulphidic and the stages involved are roasting, smelting, converting, refining and eectro-
refining. Overviews of al of the furnaces mentioned in this section are given in Chapter 2 and
more detail is provided in this chapter under techniques [tm 92, Copper Expert Group 1998].

3.1.1.1.1 Concentrate to matte smelting

Partia roasting converts the complex sulphides of iron and copper in the concentrate into the
simple sulphides by heating the ore or concentrate under oxidisng conditions. The sulphur-
based gases generated by this process are directed to on-site acid plants to be used as a raw
materid in the production of sulphuric acid or the production of liquid SO,. The smelting stage
is then used to separate the copper sulphide from the other solids present in ores by the
formation of glicates particularly iron slicates. This reaction depends on the high affinity of
copper to sulphur compared to other metalic impurities. Partia roasting is not normally used.

Roagting and smelting are usudly carried out smultaneoudy in a single furnace a high
temperatures to produce a melt that can be separated into a matte (copper sulphide with some
iron sulphide) and a dag rich in iron and dlica A fluxing agent containing slica and if
required, lime (Ca0) is usualy added to the melt to aid the formation of the dag.

There are two basic smelting processes in use, bath smelting and flash smelting. The flash
smelting process uses oxygen enrichment to produce auto-therma (autogenic) or nearly auto-
thermal operation. Bath smelting processes generally use alower degree of oxygen enrichment.
The use of oxygen dso gives higher sulphur dioxide concentrations that make the collection of
the gas more effective using one of the sulphur recovery systems (usualy the production of
sulphuric acid or production of liquid sulphur dioxide).

Bath smelting is carried in a number of proprietary furnaces such as the Reverberatory, Electric,
ISA Smdt, Noranda, Mitsubishi, Teniente, Baiyin, Vanyucov Furnaces [tm 22, EC 1991; tm 26,
PARCOM 1996; tm 137, Cu Expert Group 1998]. All of the processes rely on the roasting and
smelting processes taking place in a molten bath with dag and matte separation and tapping
taking place in various ways. Some furnaces can operate without the pre-drying of the
concentrate but the super heated water vapour increases the gas volume.
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Status of Development

Economic Aspects

Smelting Process Industrial Environmental | Economic Production level:
scale performance: | feasibility Potential Remarks
operation Potential or and/ or
status constraints limitations
Reverberatory furnace | Established Limited to a Acceptable | Limitation for smelting
smelting certain extent rate of one unit
Partial roasting & dectric] Established Good Good Limitation for Possible roaster size
furnace smelting production rate. limiting factor?
Outokumpu flash Established Good Good Very high smelting | World-wide the
smelting & Peirce-Smith rate possiblein 1 unit, | " standard” primary
converting depending of the copper smelting
furnace design and the] concept still with
type of concentrates. | potential for
improvement
Inco Flash smelting Established Good Good Limitation of proven [ Size of furnaces
smelting rate per unit | installed. Still
further potential.
Contop Application Operating in 1 | Probably good | Probably | Limitation set by size | Cyclone burner
plant acceptable | of settling. Furnace andj only. Process
number of burners feature introduced
possibleto beinstalled.] in industrial scale.
Teniente Converter, Established Good Good Limitation of smelting] Related to other
Noranda process rate by reactor size and] processes relatively
O, enrichment limits | higher ingress air
ratio requiring
increased effort for
process gas capture
ISA Smelt Operating in 3| Good Good Upper production rate| Potential for further
plants per unit not tested. improvement
Vanyucov process 6 industrial Potentially good | Probably | No definite analysis | Information for a
scale furnaces good available substantiated
in Russia and judgement not
Kazakstan available; in general
technology may
have considerable
potential
Baiyin process Exact number | Potentially good | Not known.| No definite analysis | Information not
not known. At available; information available to
least 2 available suggests substantiate. May
industrial units production rates up to} have considerable
in operation. 75000 t/a Cu achieved.] potential.
Outokumpu direct blister | Established Good Good Applicable to
flash smelting concentrates with
low iron/ low slag
fall
Mitsubishi process for | Established Good Good So far > 200000 t/a Potential for further
continuous copper production level development
smelting reached
Kennecott/Outokumpu | Operating in | Good Good Higher production rate] Potential for
continuousflash converter] one plant. used to justify substantial further
Second plant investment development
ordered.
Noranda continuous Recently Good No datafor | No datafor final Effectively
converter commissioned final analysis available available potential
in Horne on analysis still to be evaluated
industrial scale available when data from

operation available.

Table: 3.1: Primary copper smelting technologies
[tm 137 Copper Expert Group 1998]

The differences between these processes can be great, for example in the position of air/oxygen
or fuel addition points, some processes operate on a baich basis. Bath smelters are generally
operated with a holding furnace or a separate settler. The general descriptions are covered in
Chapter 2 and elsewhere [tm 137, Cu Expert Group 1998].
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Flash Smdlting is carried out in ether the Outokumpu or INCO Fash Smdters [tm 22, EC
1991; tm 26, PARCOM 1996] or in a cyclone furnace (Contop). The Outokumpu and cyclone
processes use oxygen enrichment and the INCO process uses technical oxygen. Flash smelting
relies on the roasting and smelting of dry concentrate in airborne particles. The reacted particles
fal into a settling chamber where the separation of the matte and dag takes place, sometimes
additional fuel isused in the settler to maintain the temperature.

Matte and dag are subsequently tapped and processed further and gases pass from the furnace
through a vertical chamber to a heat exchanger.

In addition to the techniques reported above other techniques may be encountered Worldwide as
bath or flash smelting processes [tm 137, Copper Expert Group 1998].

Top Blown Rotary Converters (TBRCs) have aso been used in the past in primary copper
smdting. Itisno longer used mainly due to the high operating costs.

The reverberatory furnace is also used for matte smelting but not within EU. It does not use the
energy content of the sulphur and the iron in the concentrate and relies on the use of fossl fuel
to melt the concentrates by the hot combustion gases sweeping over the hearth. The processis
therefore not as efficient as the other processes described. The combustion gases add to the
overal gas volume and result in a very low sulphur dioxide content, which is very difficult to
remove effectively. The use of reverberatory furnaces has declined significantly since the
1970's. The SO, content of the off-gasesis normally very low so that they cannot be treated in
an acid plant.

Process Number of | Number of | Blister
smelters furnaces | production
using that 1998
technology '000 t/a
Outokumpu Flash Smelting 26 26 3801
Outokumpu Flash Smelting, Direct 2 2 238
Blister
Reverberatory furnace 27 37 1604
El Teniente reactor 7 12 1344
Electric Furnace 6 8 560
Blast Furnace 14 29 518
M itsubishi process 4 4 497
Inco Flash Smelting 3 3 448
Vanuykov process 3 5 448
[SA Smelt 3 3 269
Noranda reactor 2 2 197
Contop 1 1 116
Bayin process 1 1 57
Kivcet 1 1 15

Table 3.2: Worldwi de use of the smelting technologies

3.1.1.1.2 Converting

Two types of converter process are used: - the conventional batch process, which is most
commonly used and the continuous converting process [tm 137 Copper Expert Group 1998].
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a) Batch converting

The batch converting process comprises two stages. It is carried out by blowing an air/oxygen
mixture through the matte recovered from the smelting operation. A cylindrica bath furnace is
most commonly used [tm 22, EC 1991; tm 26, PARCOM 1996] and flux additions are made. In
the first stage iron and part of the sulphur are oxidised and dag and sulphur dioxide gas are
formed; the dag is skimmed off periodicaly and is further processed to recover copper.
Normally the first stage blow is carried out in several steps with incremental matte additions. In
the second stage, the copper blow, the copper sulphide is oxidised to blister copper (98.5% Cu)
and more sulphur dioxide gas is formed. The blister copper is tapped at the end of the copper
blow. The process is operated to control the residua sulphur and oxygen in the blister copper.
The sulphur dioxide that is formed is further trested for sulphur recovery, normaly in a
sulphuric acid plant.

The reaction is strongly exothermic and aso volatilises metalic impurities such as lead and zinc
that are then captured in abatement plant and recovered. The process heat can aso be used to
melt anode scrap and other copper scrap without the addition of primary heat. There can be
variations in sulphur dioxide concentration during the various stages of conversion depending
on the type of furnace used.

The Peirce-Smith (P.S.) and the Hoboken type converters are operated batch-wise, (they are
referred to as Peirce-Smith or smilar converters during this chapter). They are cylindrical bath
furnaces with laterally arranged tuyeres for air/oxygen blowing. [tm 22, EC 1991; tm 26,
PARCOM 1996]. The ISA Smelt furnace has also been used for the batch-wise conversion of
matte into blister copper.

Top Blown Rotary Converters (TBRC) have been used in the past for batch-wise conversion of
primary copper material to blister copper but are not in use anymore.

b) Continuous converting

The continuous converting processes that are in industrial use are the Kennecott / Outokumpu
flash converting furnace [tm 53 & tm 67 Kennecott 1997; tm 63 Outokumpu 1995], the
Mitsubishi furnace (which forms part of the integrated Mitsubishi process) and — very recently -
the Noranda converter [tm 137 Copper Expert Group 1998].

The Mitsubishi and the Noranda converters receive molten feed for conversion. In contrast the
Kennecott / Outokumpu process has the following features. - Matte from a smelting furnace is
first granulated in water, crushed and dried. The materid is then blended with dagging agents
and fed into the concentrate burner of a specific flash furnace using an oxygen rich atmosphere;
conversion takes place in the air borne particles. The process produces a high and constant
concentration of sulphur dioxide that is recovered. Slagand blister copper are tapped for further
processing. The use of ground matte alows the matte quality to be balanced with feed rate and
degree of oxygen enrichment to produce the optimum conversion efficiency and aso alows the
matte production and conversion stages to be de-coupled.

There are significant differences between batch-wise and continuous converter concepts in
operation and sulphur dioxide output variations throughout the converting cycles. There are also
variaions in the ease of collecting fume during charging and in the ability to melt scrap anodes.
Some furnaces rely on ladles for the transfer of matte, sag and blister copper and fugitive
emissions may result. In one case the ventilation gases from the converter aide are collected
and treated, in another case an intelligent secondary fume collection system is used [tm 201,
Velten 1999).

196



Chapter 3

Concentrates =] Primary
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Figure 3.1: Primary Copper Production Route

3.1.1.1.3 Fire refining
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Flash smelting furnace
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b  Rotary anode furnace

b Hearth shaft furnace / Contimelt

b Conventional
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e.g. ISA process

b Shaft furnaces

b Electric induction furnaces

b Rotary furnaces

This is a further purification step applied to the crude metal (blister copper) produced by the
conversion stage. The refining step involves the addition of air and then a reductant (e.g.
hydrocarbons etc) to reduce any oxide present [tm 22, EC 1991; tm 26, PARCOM 1996; tm 92

Copper Expert Group 1998].

Fire refining is achieved by first blowing air through the molten metal to oxidise impurities and
remove fina traces of sulphur producing a small amount of dag. A source of reducing agent,
such as natura gas or propane, is then added to reduce any copper oxide formed. Ammonia may

197




Chapter 3

aso be used as a reductant but has been reported to increase NO, levels [tm215, Mining
Engineering July 1999]. Historically wooden poles or logs were used as the source of reductant
(and are ill used in a smal number of cases) and the process is therefore termed “Poling”.

Severd ingtalations use an afterburner to treat the gases during the poling stage. In primary and
some secondary smelters cylindrical rotary furnaces (Anode Furnaces) are used for fire refining.
These furnaces are similar to the Peirce-Smith converter and use tuyeres for gas additions. They
are charged with molten copper. Some secondary processes use a reverberatory furnace with
lances for air additions, they are fed with converter copper and copper scrap. Some
reverberatory furnaces are tiltable and are fitted with tuyeres.

The Contimelt system is dso used for fire refining when the feed is solid and needs to be melted
first. During semis production, fire refining is aso sometimes performed. Combinations of

hearth shaft furnaces (for batch-wise melting) and rotary furnaces (for batch-wisereduction) are
also used. These systems can be applied for primary (blister) and secondary (scrap) materials.

The metd from the anode furnace is then cast into anodes. The most commonly used technique
is a casting wheel that comprises a series of anode shaped moulds on the circumference of a
rotating table. Molten metd is metered into the moulds to obtain a consistent anode thickness
and the whedl rotates taking the anodes through a series of water jetsto cool them.

As an dternative to the stop-to-cast mould on awheel system, copper anodes are a so produced
continuoudly using a Hazelett twin belt caster. A copper strip with the desired anode thicknessis
produced. From the strip, anodes can be obtained by shearing into the traditional anode shape
or, according to the “Contilanod” system, by casting anode lugs in speciad side dam blocs

spaced in defined intervals in the caster. The pre-formed anode plates are cut off using a plasma
torch or special shears. The advantage of the method is the uniformity of the anodes produced;
however, the system requires careful maintenance and the operating costs are comparatively

higher.

3.1.1.1.4 Electrolytic refining

An dectrolytic cel is used consisting of a cast copper anode and a cathode, placed in an
electrolyte containing copper sulphate and sulphuric acid. The cathode is either a thin blank of
pure copper (starter sheet) or a stainless steel former sheet — permanent cathode plate (Mount
ISA process and Noranda/Kidd Creek system) [tm 22, EC 1991; tm 26, PARCOM 1996; tm92,
Copper Expert Group 1998]]. At high current density and low voltage, copper ions are
dissolved from the impure anode and pass into solution from where they are deposited onto the
cathode. Copper is removed from the anode to the extent that the remaining anode is ill
mechanically strong enough to prevent a collapse. The remaining anode is then recycled to the
production process, usually the converter, to cool the reaction and recover the copper. When
using permanent cathode plates the pure copper deposits can be stripped and then like solid
copper cathode plates, melted and cast into the required shape.

During electro-refining other metals contained in the anodes are separated, soluble metals like
Ni are dissolved in the eectrolyte and insoluble metals like the precious metas, Se and Te form
an anode dime that settles in the electrolytic cells. Anode dimes are periodically removed from
the cells and the valuable metals recovered (see Chapter 6; precious metals).

A portion of the electrolyte is bled from the system. Copper is eliminated by electro-winning or
in some plants, a portion is recovered as copper sulphate. Evaporation, crydalisation and
further refining recover nickel as nickdl sulphate. The following techniques are used for the
treatment and elimination of arsenic: - Solvent extraction; Precipitation during the final copper
electro-winning; Precipitation from the ‘black acid”. In some cases copper arsenate is produced
and is converted to copper chrome arsenate for use as a wood preservative.
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The remova of impurities during eectro-refining is targeted to produce a cathode copper with a
quality at least equal or better than the “grade A” quality standard of the London Meta
Exchange. In the following table an example is shown of the anode compostion and the
cathode quality achieved. It should be noted that the level of impurities in the anode affects the
cathode quality; the impurity level in anodes also depends on the source of the concentrate or

secondary material.

Element Content in Anode* Content in

g/t Cathode g/t
Slver 000 - 720 9-10
Sdenium 50- 510 <05
Telurium 20- 130 <05
Arsenic /00 - /60 <1
Antimony 330 - 700 <1
Bismuth 60 <05
Lead 990 - 500 <1
Nickel 1000 - 5000 <3
Note. * Anode quality dependson raw material contents.

Table 3.3: Example of impurity removal during dectro refining
[tm 124, DFIU Cu 1999]

The current trend is for larger cells with a greater number of electrodes to be used in the tank
house and for stainless steel cathode formers to be used [tm 92, Copper Expert Group 1998]. A
gain in efficiency is seen when these factors are coupled with good quality control of anodes.
Quadity control is needed to ensure that anodes are dtraight, flat, have good eectrical contact
and have been adequately fire refined. Similarly there is dso an improvement in cathode
quaity using stainless sted blanks as less impurities are mechanically carried over and
subsequently incorporated into the cathode. These cathode blanks give an increase in current
efficiency to 97% or even more. Modern tank houses use a high degree of automation for
cathode and anode changes and the stripping cathode deposits from permanent cathode plates
[tm 22, EC 1991; tm 26, PARCOM 1996]. Mechanically prepared copper starter sheets can also
be used instead of stainless steel blanks.

3.1.1.1.5 Slag treatment

The dags produced from the primary smelting with high matte grades and converting stages are
rich in copper and are subjected to a number of dag treatment processes [tm 92, Copper Expert
Group 1998]. One process is the use of an electric furnace for the reaction of dag with carbon
in the form of coke breeze or the electrodes themselves and for the settling of copper matte that
is formed to produce an inert dag. The eectric furnaces can be operated continuously or on a
batch basis. Converter dag can aso be returned directly to the electric dag-cleaning furnace or
to the smelting furnace. Alternatively, flotation processes are also used after the slag has been
dow cooled, crushed and milled, the flotation concentrate obtained is a copper rich portion and
is returned to the smelter. This method is only used where sufficient space is available and the
where the tailings can be adequately treated and disposed of .

Electric furnace treatment of smelting furnace dag and separate handling of converter dag by
dow cooling and flotation is aso practised. Slags from the dag treatment processes are used for
civil engineering projects, road construction, river embankment and similar applications as well
as shot blasting, they often have properties that are superior to aternative materias.

Other dags rich in copper like the refining dag are normally re-circulated to a prior process
stage, mostly converting, or, in secondary smelters, to the smelting stage.
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3.1.1.2 The hydrometallurgical route

This process is usually applied to oxide or mixed oxide/sulphide ores a the mine site where
there is sufficient space to form the leaching and treatment areas. The process is particularly
useful for ores that are difficult to concentrate by conventional means and which do not contain
precious metals [tm 55 & tm 56 Outokumpu 1997; tm 137, Copper Expert Group 1998]. Some
proprietary processes are in the development stage and these are reported later under emerging
techniques.

The hydrometalurgical route involves the crushing of the ore followed by leaching using
sulphuric acid, sometimes in the presence of biological species, using heap, vat or agitation
processes [tm 137, Cu Expert Group 1998]. The liquor produced from leaching is then clarified
and purified and concentrated by solvent extraction. The generic hydro-metalurgica flow-
sheet is shown below.
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Figure 3.2: Flowsheet of a heap leaching process
[tm 140, Finland Cu 1999].

The copper is then removed by electro-winning. The eectro-winning process differs from the
electro-refining process in the form of the anode. Electro-winning uses an inert anode such as
lead or titanium and the metal ions are removed from the solution and deposited on the cathode
in the same manner as electro-refining. Cathodes are then stripped in the same way if
permanent cathode blanks are used. The electrolyte is circulated through a series of cells and
finaly is depleted of copper. Electrolyte is then returned to the solvent extraction circuit. Some
eectrolyte is normaly bled for the control of impurities, which might have been carried over
during solvent extraction.
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3.1.2 Secondary production

Secondary copper is produced by pyro-metallurgical processes. The process stages used
depends on the copper content of the secondary raw materid, it's size distribution and the other
congtituents [tm 92, Cu Expert Group 1998; tm 124, DFIU Cu 1999]. Asin primary copper, the
various stages are used to remove these constituents and to recover metals as far as possible
from the residues that are produced.

Secondary feed materia can contain organic materids like coatings, or be oily in nature and
ingdlations take this into account by using de-oiling and de-coating methods or by correct
design of the furnace and abatement system. The aim is to accommodate the increase in
combugtion gas volumes, destroy VOCs and to minimise the formation of dioxins or destroy
them. The type of pre-treatment applied or the furnace used depends on the presence of organic
materias, type of feed i.e. copper content and other metals contained and whether oxidic or
metallic.

If a furnace such as a converter is used to smelt impure brass scrap to separate the metals
contained in it the alloying elements are fumed from the copper to produce black copper and a
zinc rich filter dust.

A wide range of secondary raw materials are used and some of them are described in the
following table.

Type of material Cu-content Sour ces
[wt-%]

Mixed copper dudges 2-25 Electroplating

Computer scrap 15-20 Electronics industry

Copper mono-dudges 2-40 Electroplaiing

Copper-iron materid (Tumpy or comminuted) from 10-20 Electrica industry

armatures, stators, rotors etc.

Brass drosses, copper-containing ashes and dags 10-40 Foundries, semi-finished
product plants

Red brass drosses, copper-containing ashes and 10-40 Foundries, semi-finished

dags product plants

Shredder material 30—380 Shredder plants

Copper-brass radiators 60 — 65 Cars

Mixed red brass scrap 70—-85 Water meters, gear wheels,
vaves, taps, machine
components, bearing boxes,
propdlers, fittings

Light copper scrap 88-92 Copper shests, eaves,
gutters, water boilers,
heaters

Heavy copper scrap 90-98 Shests, copper punchings,
dide rails, wires, pipes

Mixed copper scrap 0-95 Light and heavy copper
scrap

Copper granules 90-98 From cable cominution

Pure No. 1 scrap 8] Semi-finished products,
wire, cuttings, strip

Table3.4: Secondary raw materialsfor copper production
[tm 124, DFIU Cu 1999]
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The stages used for secondary copper production are generaly similar to those for primary
production but the raw materia is usualy oxidic or metallic and process conditions are therefore
varied. Smelting of secondary raw materias therefore uses reducing conditions.

3.1.2.1 Secondary smelting stage

A number of furnaces such as the Blast, Mini Smelter, Top Blown Rotary Furnaces (TBRC),
Sedled Submerged Arc Electric Furnace, ISA Smelt, Reverberatory, and Rotary are used for low
and medium grade materia [tm 27, HMIP Cu 1993; tm 92, Cu Expert Group 1998; tm 124,
DFIU Cu 1999]. The type of furnace and the process steps used depends on the copper content
of the secondary raw materid, it's size and other congtituents. The smelting and refining of
secondary copper is therefore complex and the type of secondary material, which can be
processed is dependent on the particular facilities and furnaces available [tm 92, Copper Expert
Group 1998]. Details of furnaces are given in section 2.

Iron (in the form of irony copper, normal iron scrap, etc.), carbon (in the form of coke or natural
gas) and fluxing agents are added to reduce meta oxides if required and the processes are
operated to suit the feed materia. The fume from the furnaces contains volatile metals and
metal oxides such as those from zinc, lead and tin, which can be recovered as refined metal,
aloy or oxide and aso contains dust, sulphur dioxide, dioxins and VOCs, depending on the raw
materials.

The Mini-Smelter is aso used for secondary copper production using scrap that contains iron
and tin. In this gpplication the iron is the reductant in the fist stage to produce metallic copper
and then oxygen is blown into the melt to oxidise iron and the other metals (Pb, Sn) present
which are recovered in the dag. The oxidation of the iron content provides the heat to drive the
process.

3.1.2.2 Converting, fire refining, slag treatment and electro-refining, processing
of pure alloy scrap

Converting and refining furnaces are very similar to those used for primary production and the
dag treatment systems and electro-refining processes are the same. The main difference is that
converters used for secondary production treat metal and not matte. They use coke as fuel for
melting and to make up for process heat deficits while in primary converters the matte provides
the necessary process heat [tm 92, Copper Expert Group 1998]. Secondary converters aso
oxidise and dag minor eements like iron and separate other metas like zinc or tin by
volatilisation. They produce a converter copper in a quality that suits fire-refining. The heat of
reaction when air is blown into the converter is used to volatilise metallic components, dagging
agents are used to remove iron and some lead. Fire refining furnaces are used also to melt
higher grade scrap. The comments made about potential fugitive emissions aso applies to the
secondary processes.

The eectro-refining dimes and spent solutions are also sources of precious metals and other
metals such as nickel. These are recovered in the same manner as those from primary
production.

Copper aloys such as bronzes and brasses are also used as secondary raw materials in a number
of processes. If impure or mixed with different other aloys they are processed in the secondary
smelting and refining circuits as described above.

The pure aloy is used directly for semis fabrication. Induction furnaces are used to melt the
clean material followed by casting into shapes suited for the further fabrication step. Charge
anadysis and contral is practised to produce the desired dloy without mgjor additions of virgin
metal. Zinc oxide can be collected from the filter dust.

202



Chapter 3
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Figure 3.3: Generic flow sheet for secondary copper production
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The pure aloy is used directly for semis fabrication. Induction furnaces are used to melt the
clean material followed by casting into shapes suited for the further fabrication step. Charge
analysis and control is practised to produce the desired aloy without major additions of virgin
metal. Zinc oxide can be collected from the filter dust.

Depending of the type of feed materias in some plants a flue dust is produced in the first stage
that is rich in zinc and lead, for example during blast furnace smelting of lower grade material.
These dusts contain up to 65% combined zinc and lead and are a feed material very suited to be
processed in the Imperia Smelting Furnace for the production of lead and zinc.

3.1.3 Tin

Tin is recovered from the residues produced during some of the secondary copper refining
processes, from the de-tinning of coated steel cans and from ores. At the time of writing thereis
no production of tin in EU directly from ores.

At one secondary copper smelter, a second reduction stage is used [tm 92, Cu Expert Group
1998]. Lead and tin are reduced with scrap steel or tin cansin a TBRC. Lead/tin scrap, dag
and residues are added and a tin/lead dloy is produced. The aloy passes to a shaking ladle to
remove residual copper, nickel and silicon and the decopperised aloy is then treated in a three
stage vacuum digtillation system to separate tin and lead. The tin is refined by crystalisation
before the second vacuum digtillation stage.

Another method practised in other copper smelters uses the flue dust from the secondary copper
converter (sometimes also from the blast furnace) as feed material. Under reducing conditions
zinc is volatilised and recovered as oxide while lead and tin are produced in the form of an
dloy.

Stedl scrap is de-tinned by either ectrolytic or chemica leaching processes using caustic soda
and sodium nitrite [tm 9, HMIP-Sn 1993]. In the latter case, ammonia s released (0.048 kg per
kg of tin). Tin is dissolved and then recovered by eectrolyss, the tin is removed from the
cathodes by dipping in a molten bath of tin. Ingots or tin powder are produced and these are
used to produce a range of aloys and coating materials.

Tin is melted in kettles similar to those used for lead and dloys are produced. Scrap tin is dso
recovered in the melting processes. The most common range of aloysis known as solders and
they use lead as the aloying material. Other melting furnaces are used but temperature control
IS not as easy.

Tin is refined using a number of processes. Electrolytic refining using steel cathodes is carried
out and a pyro-metalurgica refining process can aso carried out in a similar manner to lead
refining.  In the case of tin refining, iron is removed by liquation, copper is removed by the
addition of sulphur and arsenic or antimony are removed by the addition of @uminium or
sodium.

3.1.4 Wire-rod production

Wire-rod is manufactured from high purity dectrolyticaly refined copper cathodes thus
ensuring that trace impurities, which may affect conductivity, annealability and hot shortness,
ae minimised. Attention is paid to controlling the furnace conditions to minimise oxygen
absorption with the metal. The following processes are used [tm 117, Copper Expert Group
1998]:
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3.1.4.1 Southwire process

Shaft furnaces are used for melting copper cathodes and other pure copper scrap material.
Melting rates of up to about 60 t/h arein use.

The feed materials are melted by natural gas, propane or similar fired burners arranged in rows
around the furnace shell. The fuel is burnt under closdly controlled combustion conditions to
maintain a dightly reducing atmosphere (less than 0.5 to 1.5% of CO or H,) in the areas where
the gases are in contact with the copper to minimise the oxygen content of the copper. Thisis
achieved by independent control of the fuel/air ratio for each burner with monitoring of the CO
or H, content of the combustion gases from each burner in turn.
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Figure 3.4: Example of the Southwire process
[tm 124, DFIU Cu 1999]

Gases from the furnace are cooled and dust is removed using fabric filters. After-burning can
aso be used to destroy CO if the concentration is high.

Molten copper is discharged from the base of the shaft furnace and flows to a cylindrica
holding furnace for temperature adjustment and balancing of the metal and for metallurgical
treatment. Natural gas fired burners are provided to maintain the temperature of the molten
cooper and a reducing atmosphere in the launders. The holding furnace, which is also natura
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gas or similar fue fired, serves as a reservoir to provide a constant flow of metal to the casting
process and, if required, can be used to superheat the metal.

Molten copper flows from the holding furnace via a tundish equipped with flow control to the
casting wheel. A water-cooled, steel band encloses over half of the circumference of the wheel,
forming the casting cavity in which the molten copper solidifies to form a trapezoidal cast bar
ranging between 5000 and 8300 mm?. Acetylene, burnt with air is used to produce a soot
dressing for the casting wheel and steel band. After being levelled and shaved, the cast bar is
fed by pinch rolls to a rolling mill consigting of a roughing section and one finishing section
which reduces the bar to its final diameter. A minerd oil emulsion or synthetic solution in
water is used as arolling fluid.

3.1.4.2 Contirod process

A shaft furnace as described above is used to melt copper. Molten copper from the furnace
flows via a launder equipped with siphons into a rotating, gas heated holding furnace. The
copper then flows to the pouring funnel, which automaticaly controls the feeding rates to the
caster [tm 117, Copper Expert Group 1998].

The twin belt Hazelett casting machine is used [tm 124, DFIU Cu 1999]. The two belts are
cooled by a continuous film of water that moves at high speed along the length of their surface.
The side blocks are automaticaly cooled in a speciadly designed cooling area located on the
return strand of the loop. Depending on plant size, cast bar area can range between 5000 mm?
and 9100 mm? and production capacities between 25 and 50 tonnes per hour. The rectangular
bar is cooled, the four corners are milled to remove any flash and then enters a rolling mill
comprising aternative horizontal and vertical passes to produce afind product. A minerd ail
emulsion or synthetic solution in water is used as arolling fluid.
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Figure 3.5: Example of the Contirod process
[tm 124, DFIU Cu 1999]

3.1.4.3 Properzi and Secor processes

The continuous Properzi and Secor processes are smilar to the Southwire concept with
variations in casting geometry [tm 117, Copper Expert Group 1998]. The features described for
the Southwire process are also valid for these two copper wire-rod fabrication systems.
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3.1.4.4 Upcast process

Copper is meted in a channel induction furnace. The melt is transferred in batches into an
induction holding furnace. For smal production capecities a single combined melting-holding
furnace may be sufficient [ tm 117, Copper Expert Group 1998].

The Upcast withdrawal machine is located above the holding furnace. Water cooled graphite
dies are submerged a certain depth into the melt and the molten copper runs continuously into
the dies where it solidifies and is drawn up to the pnch rollers. The solidified wire rod is pulled
upward by the pinch rollers.

3.1.4.5 Dip Forming process

The preheated feed materia is discharged into a channd induction-melting furnace. Copper
passes to the holding furnace and crucible that is attached to the holding furnace. A mother rod,
12.5mm diameter, is drawn through an inlet die a the base of the crucible. Drawing the core
wire through the meta pool and controlling the final diameter through the upper die increases
the diameter. The cast rod is drected via dancers to a three-stand rolling mill producing 8.0mm
and 12.5mm rod [tm 117, Copper Expert Group 1998].

3.1.5 Production of semi finished products of copper and copper alloys

Copper and copper aloys are melted continuously or in batches and cast for the production of
shapes suited to the further fabrication step. The cast products are precursors for a variety of
materials such as sheets, strips, sections, bars, rods, wires and tubes. Generdly the following
routes are taken [tm 117, Copper Expert Group 1998].

1. Billets are mostly made from copper and copper dloys for the production of tubes or
sections and rods.

2. Slabs and cakes are cast from copper and copper aloys for the production of sheets or
strips.

3. Specia processes are applied for specific products from copper and copper aloys. Upcast
process for wires and tubes, horizontal continuous casting for strip and sections, vertical
strip casting and roll process for fabrication of copper tubes.
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Figure 3.6: General flow-sheet of semi-finished product fabrication
[tm 124, DFIU Cu 1999

3.1.5.1 Melting processes

Copper or copper aloys can be melted in batches in an eectric or induction furnace. When high
melting rates are required copper is aso melted continuoudly in a shaft furnace. Crucible or
reverberatory furnaces are aso used for melting and fire refining copper. The fume collection
and abatement systems are chosen according to the raw material and the degree of
contamination present. The gas collected from eectric furnaces is normally cleaned in cyclones
followed by fabric filters. For gas fired shaft furnaces the control of the burners is a critica
factor to minimise the CO content of the gases emitted. An afterburner followed by heat
recovery systems are in use if the CO content is high enough (e.g.> 5% CO); fabric filters are
also used for de-dusting in shaft furnaces.

Copper cathode and copper and aloy scrap is used as the raw material and is normally stored in
open bays so that the different aloys can be blended to produce the fina aloy. This pre-
blending is an important factor to reduce the time taken in preparing the melt, which minimises
the energy used and reduces the reliance on expensive Magter Alloys. With induction furnaces
scrap is cut into small sizes to improve melting efficiency and allow easy deployment of hoods
efc.

Raw materials are aso brasses or copper turnings and borings and in this case are coated with
lubricants. Care is taken to prevent oil leaking from the storage area and contaminating ground
and surface water. Similarly swarf dryers or other furnaces and solvent or agueous de-ailing
methods are used to remove |ubricants and other organic contamination.

When brasses or bronzes are melted, zinc is umed from the furnace, good control of the
temperature can minimise this. Fume is collected in the gas extraction system and removed in a
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fabric filter. The zinc oxide is normally recovered. A degree of fire refining is aso carried out
and the reaulting fumes are taken into account in the design of the fume collection and
abatement systems.

3.1.5.2 Casting

Normaly molten meta from the furnace or holding section can be cast continuoudy or in
batches [tm 117, Cu Expert Group 1998]. Continuous casting uses either vertica or horizontal
modes but discontinuous casting normally uses the vertical mode. Upcast techniques are aso
used. Billets and cakes/dlabs are produced and are processed further.
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Figure 3.7: Principle of continuousor semi-continuous casting
[tm 124, DFIU Cu 1999]

In the case of the production of billets, dabs or cakes, meta is melted and passes via a holding
furnace into a vertica or horizontal billet caster. Sections of billets are sawn off for further
fabrication.

Specid processes are applied for specific products from copper and copper aloys. Upcast
process for wires and tubes, horizonta continuous casting for strip and sections, vertica strip
casting and roll process for fabrication of copper tubes.

3.1.5.3 Fabrication of tubes, sections and rod

Billets of copper or copper dloy are preheated and extruded and drawn into tubes with a variety
of diameters and thickness in a number of “passes’. The drawing machines use avariety of oils
and soaps as lubricant that contaminates the tubes and off cuts. The products are normally
annealed and degreased before transport and the off cuts are de-oiled in afurnace or other de-
greasing process before being returned to the furnace for melting.
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Copper tubes may be also produced utilising an extrusion press with piercer in which billet
sections are extruded to tube shell pieces; the tube shell pieces are then rolled in a breakdown
roller (Filger mill) and findly drawn to sze in drawing blocks. The oil utilised (in smal
quantities) for the drawing operations is neutralised in in-line degreasing/pickling systems often
connected with the annealing section.

Products are annealed in a variety of furnaces under reducing conditions using as protection gas
“exogas’ or hydrogen/nitrogen mixtures.

3.1.5.4 Fabrication of sheets and strips

Slabs/cakes of copper or copper aloy are the start materia for the fabrication of sheets and
strips. The material is preheated in gas or dl fired furnaces, hot and cold rolled and then sent to
the finishing operation, which includes re-ralling, cutting to length and width. Surface milling,
annedling, pickling, washing and drying are required as intermediate steps to produce high
qudity strips and sheets [tm 117, Copper Expert Group 1998].

Hot ralling is usually done with a dua rolling mill equipped with benches up to 200 m and a
final coiling device. The cooling water for the rolls has small amounts of lubricant added for
improving the attachment to the steel rolls. The vapour generated is vented and the vent gas is
de-misted prior to release to atmosphere.

Further cold rolling operations are then performed. Cold rolling results in a hardened metal. In
most cases the coil is annedled prior to cold rolling. Anneding is done under reducing
conditions to avoid oxidation. A protection gas “exogas’ or nitrogen/hydrogen mixtures are
used. Exogas is produced at site from natural gas in a specia reactor, which is indirectly fired.
N, and H, are purchased and stored at site in specia tanks. The N,/H, protection gas mixtures
are produced from the storage tanks by mixing the components in the ratio required. For
annedling before cold rolling bell type furnaces are used with eectric heating or indirectly fired
by natural gas or fuel oil. Tower type furnaces are applied for intermediate annedling of pre-
rolled coils.

The sheet thickness is further reduced by stepwise cold rolling operations on different reversing
mills. For cold ralling different types of mills called Duo, Quarto, Sexto, Sendzimir (12 rolls)
ae used. Rolling mill designs as single-stand which are combined to an in-line multi-stand
rolling mill are also applied. It depends on the thickness of the sheet on the coils and on the
finishing status the coil has already been reached which combination of the different types is
applied.

During cold rolling an emulsion or ail is used for roll protection. Therefore, the roll stands are
vented and the ventilation gases are cleaned by mechanical filters, wet electrostatic precipitators
or scrubbing. The emulsion and the oil is cleaned from meta and cracked oil particles are
removed by paper or textile band filters.
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Hot rolling
Type of mill Mainly Duo
Dimensions start 250 — 130 mm thickness,
450 — 1000 mm width
Fnd dimensons 15— 12 mm thickness,
450 — 1000 mm width
Temperature 750—-800 °C
Rolling force ~ 10 - 12 KN/mm sheet width
Surface milling 0.3 - 0.7 mm cutting of both surfaces
1% Cold rolling
Type of mill Mainly Quarto
Rolling force ~ 15 — 20 KN/mm sheset width
Dimenson reduction and| Reduction 15 mm to 4 mm thickness in multiple
rolling speed passes, speed 100 - 200 m/min
Converson raiio 70 - 80%
Annealing”’ (re-
crystallisation)
Temperature 550-600 °C
2" and final rolling
Type of mill Mainly Quarto, aternatively, depending on sheet
thickness, Sexto or stands with 20 rolls are used
Rolling force ~ 2 — 10 kKN/mm sheet width, depending of type
of mill used
Rolling speaed Reduction 4 to 1T mm: 300 — 500 nVymin, multiple
passes
Reduction 1 to 0.1 mm: 500 - 1000 mymin,
multiple passes
Cutting of sheetsto strips
Type of equipment Longitudind srip cutting machine
Note.”Annealing is required after every conversion ratio of more than 70 - 80%. Anneding
temperatures sel ected depending of material propertiesto be achieved.

Table 3.5: Typical datafor a processto produce brassstrip
[tm 124, DFIU Cu 1999]

3.1.6 Copper and copper alloy ingots

Ingots of copper or its aloys are produced for the foundry industry using a fixed mould casting
process. A wide variety of aloys are produced with other metals such as Ni, Sn, Zn Al etc.

The production of ingots requires the production of an accurate alloy composition. This is
achieved at the raw materia reception and storage stage by segregation and sorting. Old scrap
is normaly stored in open bays so that the different aloys can be blended to produce the fina
dloy. Pre-blending is an important factor to reduce the time taken in preparing the melt, which
minimises the energy used and reduces the reliance on expensive Master Alloys. Copper or
copper aloys can be melted in batches in rotary or induction furnaces. Rotary furnaces are
normally used for dirtier srap, oxy-fuel burners are used frequently. Fluxes can be added to
separate unwanted components in particular iron and the dag is tapped separately from the
metal. The yield of metal ranges from 70 to 97% but depends on the raw materias used [tm
106, Farrell 1998].

The fume collection and abatement systems are chosen according to the raw material and the
degree of contamination present. Access to an induction furnace for charging and tapping
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means that a movable hooding system is used. The hoods are robust so that they can withstand
some mechanical impact. The gas collected from induction furnaces is normally cleaned in
cyclones followed by fabric filters. An afterburner followed by a heat recovery system can be
used for cases where there is organic contamination, dternatively the furnace combustion
control system should be able to accommodate the combustion of contaminants.

When brasses or bronzes are melted, zinc is fumed from the furnace, good control of the furnace
temperature can minimise this. Fume is collected in the gas extraction system and is usualy
removed in a fabric filter. The zinc oxide is normaly recovered. A degree of fire refining is
aso carried out to adjust aloy composition and the resulting fumes are taken into account in the
design of the fume collection and abatement systems.

The furnace melt is sampled and analysed and fina aloy adjustments made. Metd is then
tapped in to covered launders that feed a chain of ingot moulds. The moulds are normally
treated with a minerd to prevent sticking and oil fume is produced. This can be collected and
burnt.

Cooled ingots are stacked, bound and stored in the open in the form of pallets.

3.1.6.1 Master alloys

The furnace charge is normally pre-adjusted to suit the aloy to be used but molten metal can be
transferred to a ladle or holding furnace so that aloy composition can be finely adjusted before
casting. Master aloys such as CuP, CuNi, CuzZnPb, CuBe etc are used for this purpose. These
master aloys are produced in similar furnaces to those described above, the nature of fume and
dust from the production of master aloys influences the process control, collection and
abatement systems that used. More stringent operating and abatement systems are particularly
appropriate when extremely hazardous materials such as beryllium are used or when reactive
materias such as phosphorus are added to produce an aloy. For example phosphor copper
mester dloy is made in the following way: -

Two furnaces (induction furnaces are commonly used) are operated in series. Copper is melted
in the first furnace and transferred to the second where molten phosphorus is injected by a lance
to form the dloy. The rate of injection is controlled to minimise phosphorous pentoxide fume
particularly during the fina stages when the metal is approaching saturation (< 14%P). The
phosphor copper is then tapped into moulds. Phosphorous pentoxide fumes continue to be
emitted as the dloy coolsif the phosphorous content is too high.

Phosphorous pentoxide s very hygroscopic and as a consequence the fume cannot be filtered
using a conventiona fabric filter as the fume will absorb moisture and coat the bags with
phosphoric acid. Conventiona wet scrubbing has a limited effect as the fine fume forms a fine
mist and fails to contact the scrubbing medium. Effective reduction of the concentration of
phosphorus compounds in the gas stream can be achieved by using high-energy venturi
scrubbers or fibrous mat filters. In theory a weak acid could be produced for further processing
but thisis difficult in practice.

3.1.7 Pickling operations

Wire, tube, strip and some other materials are pickled to produce a bright finish before packing
or, in the case of copper wire, to remove oxide from the surface prior to wire drawing.
Sulphuric acid solutions are used and sometimes a mixture of dilute sulphuric and nitric acids
are used. Inthe latter case nitric fumes can be emitted if higher strength acids are used.
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3.1.7.1 Non acid pickling of copper rod

This process operates in aseded circuit. Rod can be pickled in an in-line system that consists of
a compartmentalised horizontd stedl pipe. A 2.5% to 3.5% solution of isopropanol acohol
(IPA) in water isused. The process of converting the cuprous oxide scale with acohol to form
copper (partly left on the rod), is known as the Burns process [tm 117, Cu Expert Group 1998].
In copper wire rod fabrication normal practice is to recycle the solution to pickling, after copper
dudge removal by settling or filtration; the IPA concentration is adjusted as required.

After pickling, the rod is dried using compressed air. Then it is given a coating of wax, applied
as a fine spray of a 4% wax emulsion, which prevents oxidation of the surface of the rod. The
rod is down coiled on to wooden pallets and compacted strapped and wrapped in plastic sheet.

3.1.7.2 Acid pickling of copper rod and semis of copper and copper alloys
a) Copper wirerod

Acid pickling of copper wire-rod uses a compartmentalised horizontal stainless steel pipe [tm
117, Cu Expert Group 1998]. In a firg stage the rod is pickled with diluted sulphuric acid; then
theresidual acid is washed in several stages of from the rod surface by water sprays followed by
drying using compressed air and coating by wax.

Alternatively, after partia cooling in a long water-filled tube, the rod is formed into spirds
corresponding to the diameter of the coil. These spirals are spread onto a roller table where the
temperature is reduced to 20 °C by water sprinklers. An acid-resistance aloy conveyor carries
these spirals into the pickling tanks where the rod is pickled with a 20% sulphuric acid solution.
The acid lay pickling system ensures a perfect removal of al oxides form the rod surface. The
loops are then washed with rinsing water and findly protected by awax solution.

Electro-winning, to recover the copper dissolved by the pickling acid is used or the wash
solution also may be transferred as make-up to a tank-house at the same site or treated by ion
exchange.

b) Semis of copper and copper alloys

Surface pickling of sheets and gtrips is usually performed with sulphuric acid (8 - 10%) but for
some specia aloys, mixtures of sulphuric and nitric acids are used in continuous lines or
automatic systems. Gas cleaning is used to remove nitric acid fumes. The acid is changed from
time to time in order to ensure that surface quality is not affected.

Spent acid is sent for treatment and recovery of metd in internal or externa treatment plants.
The pickling systems are vented for worker protection. The products are rinsed and the rinse
water is sent for treatment, sudges are recycled if possible. For surface degreasing of rolled
products, detergents containing water are used. The spent water is cleaned by ultra filtration.

213



Chapter 3

3.2 Present Emission and Consumption Levels

The main environmental issues of the refined copper industry are air and water pollution [tm 28,
WRC 1993; tm 210, Copper Expert Group 1999]. The facilities generdly have their own
wastewater treatment facilities and wastewater recycling is usualy practised. Most potential
wastes are reused.

Some local aspects, like noise, are relevant to the indudtry.

Due to the hazardous nature of some solid and liquid waste streams, there is dso a significant
risk for soil contamination unless they are stored and handled correctly.

Fugitive emissions can be highly significant. Measurements have been carried out a one major
copper smelter producing primary and secondary copper. The results clearly show that fugitive
emissions redominate even after improvements were made to secondary fume capture systems
[tm 161, Petersen 1999]. In this example the dust loads that were measured are as follows.

Dust emission kg/a
Befor e additional After additional
secondary gas secondary gas
collection (1992) collection (1996)*
Anode production t/a 220000 320000
Fugitive emissons
Total Smelter 66490 32200
Smdter roofline 56160 17020
Primary smelter stack
emissons
Smdter/acid plant 7990 7600
Stack-secondary hoods 2547 2116
Note. * Emissions after an investment of 10 million Euros to give an improved fugitive gas
capture and treatment system. Additional energy = 13.6 GWh/a

Table 3.6: Comparison of abated and fugitive dust loads at a primary copper smelter
[tm 161, Petersen 1999]

3.2.1 Energy usage in copper production

Copper production requires energy in most stages, the energy use of the eectrolytic process is
most significant [tm 26, PARCOM 1996]. The production energy (nett) requirement for a number
of processes using copper concentrate is in the range 14 — 20 GJ/t of copper cathode [tm 210, Cu
Expert Group 1999]. The exact figure depends mainly on the concentrate (% S and Fe), but also
on the smelting unit used, the degree of oxygen enrichment and the collection and use of process
heat. Comparative data based solely on the type of smelter are therefore liable to inaccuracies.
The utilisation of the energy content of the concentrate is more important and smelters that
achieve autogenic operation have lower energy use.

The energy consumed by the electro-refining stage of copper production is reported to be 300 -
400 kWh per tonne of copper [tm 137, Cu Expert Group 1998]. The type of blank cathode used
(stainless steel or copper) mainly influences the efficiency of tank house [tm 92, Cu Expert
Group 1998] and this can range from 92 to 97% in terms of current efficiency.
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3.2.2 Emissions and consumption data

The main sources of emissions and consumption for the production of copper are asfollows: -

3.2.2.1 Primary copper input and output

The input and output data for a primary smelter depends on the copper content of the
concentrate, the concentration of other metals (As, Se, Hg, Ag, Au etc) and the use of copper
scrap or other copper containing materia in the various parts of the process.

The following diagram illustrates the inputs and potential outputs from a typical process to
produce primary copper.

INPUT POTENTIAL QUTPUT
B Air emissions - SO 2to acid plant
Eﬂ;](%%ntrates’ '\ > grcr’]a;(tlir:]% ——————p Dust, Meta oxide fume P
" Land emjssions
Oxygen i Fomace limngs
1 i |
| ]
PR T R — X Matte
1
v 1 | . Airemissions,
o Treatment I P > BRI S Process
ag en >Slag concentrate ! Furnace lining, dust
or
mate :
e -
!___‘__’ P Air emissions - SO2to acid plant, metals,
Converter
--» g!#x [ ——¥ T Land emissions,
4 A <« 4 Filter dust,
Oxygen [ [ Furnace linings
Blister copper '
gcelfial.;)ctant, ———— | ——»| Anodefurnace {
Air |
AnTes
4------ Anodescrap d------- | ----------1 Electrolytic  ——% i «c
Refining
v
Final slag Slime
Construction PM Cathodes

Figure 3.8: Genericinput and output diagram for primary copper
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Smelter gases —»| GAS COOLING
+ —» Dustto
Converter » DRY CLEANING Smdter

gases

WET GAS [——» SLUDGE
CLEANING |—»

¢ WEAK ACID
ACID >
PLANT i?ﬁ to

v

Sulphuric acid/ Oleum/ Liquid SO,

Figure 3.9: Treatment of smelter and converter gases

Some primary copper smelters are integrated with ®condary smdting facilities or with the
production of lead or zinc oxide dust from mixed concentrates etc. The input and output data is
therefore very difficult to compare. Vaues for a complex process are given below. It should be
noted that the main influence on the input and output data is the copper content of the
concentrate or other raw material and so there can be variations of the data and comparisons are
not significant. The recovery of copper during smelting and refining is more meaningful and is
greater than 96%.

Input materials Quantity [t/a] Products Quantity [t/a]
Copper 690000 Copper cathode 370000
concentrates
Copper scrap 92000 Copper sdts 6500
Shredded material 1200 Nickel sulphate 1800
from electronic
scraps
Externa 86000 Precious metals 150
intermediate
products

Refined Tead 9000
Sulphuric acid 660000
Sags 410000

Table 3.7: Exampleinput and output datafor a primary copper smelter/refinery
[tm 124, DFIU Cu 1999]
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3.2.2.2 Secondary copper input and output

As reported above, secondary raw material can be fed into various parts of the secondary
processes depending on the purity, content of other metals and degree of surface contamination.
The degree of organic contamination affects the potential emissions and in several process
stages afterburners are used to destroy organic components such as dioxins depending on the
degree of organic contamination present. The following diagram shows a generic input and
output diagram for secondary copper.

INPUT

POTENTIAL OUTPUT
Lower grade > X Air emissions- CO
residues, v Smeting —mp Bust Me\t/aloocxndefume Recycled,
i 0
E'c‘,‘&‘g‘ Reduction <--- L};\n emissions
Oxygen A Furnace linings
1
Black Copper :
Slag
»i Air emissions SOz,
E%‘ﬁé‘p T ’ Converter metals, dust
Xygen
e Gt g ey cled)
Converter copper Furnace linings
—»| R i+ | ————» Anode furnace
: Air 1
E A
1
| i
Anodescrap 4-------- | -==-------- Electrolytic | ——» Ni, etc.
Refining
. " .
Final slag Slime Cathodes

Construction PM

Figure 3.10: Generic input-output diagram for secondary copper smelting

Many residues are recycled within the process and to other associated processes. Producers of
non-ferrous metals, for example lead, zinc and tin, use many of the residues as raw materias for
their processes. Severa sites have incorporated on-site processes to recover other metals from
these residues.

The following diagram gives an example of how the production of copper and other metals from
secondary raw materials can be a complex, integrated process. The accompanying table also
shows the input and output quantities associated with this particular example.

217



Chapter 3

Secondary raw materials,
e.g. slags, ashes,

drosses, dusts, sludges, ———P Blast P Lump slag
copper-iron material Granulated slag
iO2- - iti Furnace Zi id
SiOz- and CaO-additives —p ; P Zinc oxide
ini €lC.
Spent linings Sn-Pb-oxides
i Black copper and -residues
Cu-alloy scrap — ]
. ——P¥fin-lead alloy
onverters TLA plant
Dust > Slag
Slag
Converter copper .
Electrolysis
Siag ’_> (Tankhouse) —plopper cathodes
Dust
Copper scrap
Blister copper —— P Anode furnaces P-Copper anodes i
Electrolyte _’Anode slime
Cu-Ni-salts » Copper sulphate
and -solutions —Pickel sulphate

Figure 3.11: Example of an Input—Output diagram from a secondary copper production site with a
tin/lead recovery process
[tm 124, DFIU Cu 1999]

Inputs Quantity [t/a] Outputs Quantity [t/a]
Copper scrap’ 130000 Copper cathodes 176000
Blister copper 20000 Copper sulphate 2200
Copper dloy scrap 35000 Nickd sulphate 2400
Externd 40000 Zinc oxides 9000
intermediate
materias (e.g.
dags, dusts, ashes,
dudges, sweepings,
etc.)

Copper-iron 25000 Lead-tin dloys 3700
material’

Limestone 13000 Anode dime 1000
Slica 11000 Sag 80000
Coke 25000

Cod 15000

Fud (o) 11000

Note. ” including electronic scrap

Table 3.8: Input-Output data for the above secondary copper process diagram
[tm 124, DFIU Cu 1999]

3.2.2.3 Emissions to air

Dust, metal compounds, organic carbon (which can result in the formation of dioxins) and
sulphur dioxide can be emitted to air [tm 124, DFIU Cu 1999]. The potential sources and
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relevance of potential emissions to air are shown in the following table and they are discussed
later in this section: -

Emission Dust And M etal Dioxins Organic Sulphur

Source Compounds Carbon Compounds
Méeterid oo
Handling
Storage .
Dry| ng ) ° °
Scrap Treatment oo eee (seCcONndary) | ee* (secondary)
Smdting oee eee (seCONdary) | e(secondary) | ee (Treatedin

arecovery
plant)
Converting oo * (secondary) * (secondary) eee (Treated In
arecovery
plant)
Refining o * (secondary) | e (secondary) .
Mefing/Cading | * (** for aloys) * (Secondary)
+CO

Ladle Transfers oee .
Electrolysis
Slag Treatment o *CO
Note. ses moresgnificant ....................... * Tess sgnificant

Table 3.9: Significance of potential emissionsto air from copper production processes

Oxides of nitrogen are relatively insignificant [tm 24, DFIU 1996] but may be absorbed in the
sulphuric acid produced from a primary process; the use of oxygen enrichment can sometimes
reduce the formation of nitrogen oxides by the therma route. This depends on the point where
oxygen is added, sometimes a higher concentration of nitrogen oxides is produced due to the
increase in temperature, however the gas volume and total quantity islower. Low NO, burners
can be used. The formation of dioxins in the combustion zone and in the cooling part of the off-
gas treatment system (de-novo synthesis) may be possible. The emissions can escape the
process either as stack emissions or as fugitive emissions depending on the abatement systems
used and the quality of plant maintenance. Stack emissons are normaly monitored
continuoudy or periodically and reported by on-site staff or off-site consultants to the
competent authorities.

3.2.2.3.1 Carbon monoxide

In addition to the emissions outlined above, the melting processes using furnaces that need to
maintain a reducing atmosphere can produce a significant concentration of carbon monoxide.
This is particularly the case for the meting of high-grade copper in shaft furnaces in
combination with shape casting or production of wire-rod as the products require controlled
oxygen level to obtain high conductivity. The process therefore operates under reducing
conditions and the carbon monoxide antent of the gases can be elevated, typical levels are ~
5000 mg/Nn.  The burner control systems that are used can also minimise CO and maintain
product quality. CO alarms can aso be incorporated into the process. Typical CO production
in a shaft furnace used for wire-rod or semis production is 2000 t011000 grams per tonne of
copper [tm 117, Cu Expert Group 1998]. In some ingtallations after-burning is used to remove
hydrocarbons from the gases when scrap coated with organic matter is processed. CO isdso
destroyed at the same time and the emissions are reported to be ~ 45 grams per tonne of copper
[tm 124, DFIU Cu 1999].
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It is possble to predict ground level concentrations of CO and this may be used determine the
effect of CO on loca air quality (thereisaproposed EU AQS for CO) so that further abatement
needs can be assessed locally. CO dimination by combustion of the shaft furnace gases with
these levels of CO would require additional fuel and so the emission of CO, would increase
exponentidly.

Carbon monoxide is aso produced during the operation of the dag cleaning furnace and the
blast furnace and in some circumstances can be emitted in the off gases. After burning can be
used to remove the CO, giving typical concentrations in the range 10 to 200 mg/Nn?. Thereis
a least one example where oxygen is lanced into the top of a blast furnace above the reaction
zone to provide an after-burning zone in the furnace body. This measure also destroys organic
compounds such as dioxins. The eectric furnaces used for sag cleaning and reduction
processes are normally operated with after-burning either within the furnace or in a specid

reaction chamber.

3.2.2.3.2 Dust and metal compounds

These can be emitted from most stages of the process. The techniques for deding with
emissions from the handling, storage, drying and treatment stages are covered in Chapter 2 and
the application of these techniques should be used to prevent and minimise these emissions.

Direct and fugitive dust emissons from the smelting, converting and refining stages are
potentially high. The significance of the emissions is also high as these process stages are used
to remove volatile metals such as Zn, Pb some As and Cd from the copper and these metals are
present in the gas and partly in the dust.

The primary smelters usually contain dust very wel and are effectively seded to minimise
fugitive emissions, concentrate burners or lances are used and are therefore easier to seal. Good
maintenance of the furnaces and ducts & practised to minimise fugitive releases and the
collected gases are treated in dust removal systems prior to the sulphur recovery processes.

Secondary smelters are more prone to fugitive releases during charging and tapping cycles.
These furnaces have large charging doors and the warping and miss-sealing of these doorsis a
significant factor. The gases that are collected are usually cooled and dust is removed from gas
streams by electrostatic precipitators or bag filters. High filtration efficiency is usualy achieved
and dust concentrations after abatement are in the range < 1 - 10 mg/Nn? [tm 210, Copper
Expert Group 1999; tm 160, Winter Cu 1999].

Because of the batch type of operation the conversion and refining stages can usualy not be as
well sealed as the smelting stage. The feeding and transfer of matte, dag and metd is a
significant potentia source of fugitive fume. More importantly the use of a ladle or boat
transfer system can inhibit the effectiveness of fume collection hoods, particularly with the
Peirce-Smith or similar style of converters. Various secondary fume collection systems are used
to minimise these fugitive emissions and operate very successfully. “Through hood” additions
of flux and other materia can minimise the rollout time. The production of higher-grade matte
reduces the number of ladle transfers and therefore reduces the potential for fume. Fugitive or
non-collected emissions are therefore very important. These issues are dependent on efficient
and effective primary and in some cases secondary fume collection.

The melting and casting stages used during the production of wire-rod, semis etc. are aso
potential sources of dust and metals. The production of copper aloys such as brasses results in
significant fume ZnO) at the casting stage and this requires efficient collection. The dust
burden is generadly low but heat/energy recovery if practicable can be used. Efficient fume
collection and fabric filters are usualy used [tm 117, Cu Expert Group 1998].
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Emissons of metals are strongly dependent on the composition of the dust produced by the
processes. The composition varies widdly and is influenced a) by the process that is the source
of dust and b) by the raw materias that are being processed. For example the dust produced
from a scrap converter is totally different to that of a matte converter. The following table
shows the measured ranges of metals in dust from a number of copper processes.

Component | Concentrate Blast Scrap Matte Electric slag Anode
to matte furnacedust | converter converter cleaning furnace
smelting dust EP dust furnace dust
furnace dust
EP dust

Pb% 01-5 5-40 5-30 2-25 2-15 2-20

Zn% 01-10 20-60 25-70 5-70 25-60 5-40

Sn% 01-1 02-5 1-20 01-4

Cu% 5-30 2-12 2-15 10-25 05-25 15-25

As% 01-4 05-10

Ni% 01-1 01-1 01-1

Table3.10: Main constituents of dust from copper processes

3.2.2.3.3 Organic carbon compounds

These can be emitted during primary production from the drying stage depending on materials
used for ore trestment and the fuel used for drying. For secondary production the most
significant sources are from the scrap treatment, smelting and refining stages. The conversion
stage for secondary copper is aso a potential source if scrap contaminated with organic materia
is added to the converter and complete combustion is not achieved, this is particularly the case
for fugitive emissions. For copper wire-rod and semis production VOC can be emitted if oily
material is used as feed and can account for 5 — 100 g per tonne of copper. VOCs may aso be
emitted from solvent degreasing or solvent extraction processes.

3.2.2.3.4 Dioxins

The organic carbon compounds that can be emitted include dioxins resulting from the poor
combustion of oil and plagtic in the feed materia and from de-novo synthesis if the gases are
not cooled rapidly enough. Scrap treatment to remove organic contamination can be practised
but more usudly afterburners are used to treat the gases produced followed by rapid cooling. In
cases where it is not possible to treat the gases from the furnaces in an afterburner they can be
oxidised by adding oxygen above the meting zone. It is dso possible to identify @ganic
contamination of secondary raw materials so that the most appropriate furnace and abatement
combination can be used to prevent the emissons of smoke and fume and the associated
dioxins.

It has been reported by the Technical Working Group that in the case of primary smelting and
converting, the high operating temperatures destroy organic components and the presence of
sulphur dioxide inhibits de-novo synthesis of dioxins. Médting scrap that is contaminated with
organic material is aso a potential source of dioxins in the semis industry.

Chapter 2 describes some of the factors that influence the emissions of dioxin. The techniques
used for abatement of dioxins in this sector include after-burning, controlled gas handling and
cooling and effective dust removal; activated carbon absorption is aso used.

3.2.2.3.5 Sulphur dioxide

The most significant sources of sulphur dioxide are the roasting and smelting and converting
stages of primary copper production using sulphide concentrates [tm 24, DFIU 1991]. Fugitive
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emissions are expected but can be collected in several ways [tm 124, DFIU Cu 1999]. Sulphur
dioxide can aso be emitted from the concentrate drying stage (mainly from the fuel used in the
burner) and from the primary refining stages where the blister copper contains 0.03% to 0.1%
dissolved sulphur. The concentration in the gas is usudly very low and simple scrubbing of the
gasesis generaly used if required.

If not applying partial roasting and calcine smelting to matte in separate units because of specia
feed materia, roasting of copper concentrates is carried out simultaneoudy with smelting. The
use of seadled furnaces for smelting allows the sulphur dioxide to be collected efficiently. All of
the smeters in the EU use oxygen enrichment that produces a high sulphur dioxide
concentration. This therefore allows the off gas volumes to be minimised and the gas handling
system including the sulphuric acid plant to be reduced in size. Very high levels of oxygen
enrichment can increase the concertration of sulphur trioxide in the gases passing to an acid
plant. This increased amount of sulphur trioxide in the gas from the furnace is absorbed in the
scrubbers and increases the amount of weak acid for treatment, other uses or disposal. Contact
sulphuric acid plants with 4 or 5 passes are used to convert the gases. In some cases single
contact plants are used if there is a low (< 6%) sulphur dioxide content, otherwise double
contact plants are used [tm 92, Copper Expert Group 1998]. If required liquid sulphur dioxide
can be produced from part of the sulphur dioxide contained in the gas.

The matte conversion stage aso produces a significant concentration of sulphur dioxide. There
are two potential problems when using batch fed converters such as the Peirce-Smith or smilar
style of converter. Firstly, the gas collection is not totally efficient and the same remarks apply
as those made under dust. Secondly, the sulphur dioxide concentration in the gases varies
significantly depending on the stage of conversion and can cause problems with sulphur dioxide
remova systems unless they are designed specifically to take account of this variation. These
gases are mixed with the steady, more concentrated gases produced by the primary smelter to
maintain auto thermal operation of the sulphuric acid plant. Using severa converters in a
phased sequentia operation combining the off gases can also reduce this effect.

Continuous processes such as the Mitsubishi process and the Kennecott - Outokumpu Flash
Smelt/Flash Conversion process maintain a high and constant concentration of sulphur dioxide
and do not need ladle transfers [tm 67, Kennecott 1997; tm 73, Mitsubishi 1993]. The gas
volumes that are produced are consequently lower. This means that the concentration of
sulphur dioxide is higher in the effluent gas but the mass is much smaler, at least during gas
handling, cleaning and cooling. In the contact plant the SO,/ O, ratio has to be adjusted and the
S0, concentration diluted down to the maximum tolerable concentration.

After heat recovery and cleaning in EPs the sulphur dioxide in the gas from the smelting stages is
converted to sulphur trioxide (SO;). Sulphuric acids plants in the European Copper Industry have
a conversion efficiency reported as 99.5 to 99.8% (excluding start up etc) [tm 92, Copper Expert
group 1998]. A very smdl amount of SO, is not absorbed and is emitted together with the
resdua SO, [tm 124, DFIU Cu 1999]. During start up and shut down there may be occasions
when weak gases are emitted. These events need to be identified for individua ingtallations,
many companies have made significant improvements to process control to reduce these
emissions. The height of the chimney used for the acid plant gases usually takes these factorsinto
account to reduce local impact.

Sulphur dioxide may also be present in the gases produced during secondary smelting stages
due to the sulphur content of the fuel or raw materials. In some cases scrubbers are used to
remove the SO, and in one case the gases from an electric furnace (and a Cu/Pb converter) are
diverted to a primary copper smelter sulphuric acid plant when certain raw materials are present.

3.2.2.3.6 Nitrogen oxides
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The production stages for copper usualy rely on high temperatures but are also associated with
the use of oxygen. This reduces the partial pressure of nitrogen in the flame and reduces
nitrogen oxide formation provided that nitrogen is not present in great amounts in the very hot
areas. Typical levels for the emission of nitrogen oxides for secondary copper are reported to be
in the range 50 to 500 mg/Nn* depending on the furnace and type of operation. For NO,, the
use of highly efficient processes (e.g. Contimelt) requires a balance to be established locally
between energy use and achieved value.

Nitrogen oxides from primary processes are mainly absorbed in the sulphuric acid produced.
Nitrogen oxides are therefore not a major environmental issue at the installation.

3.2.2.3.7 Summary of air emissions

Processtype | Dust g/t of Sulphur Cu g/t of Pb g/t of As g/t of

product dioxide g/t of product product product
metal product metal metal metal
metal

Primary Cu 160 — 1000 06600 — 16000 30—250 [-35 3-20

Secondary Cu 100 — 1000 500 — 3000 8—-100 10- 60 05-5

Méelt shop 1-35 01-1 001-0.2

Semis

fabrication

Wire Rod 20—-500 10-50 12 - 260

Production

Table3.11: Specific emissionsto air from some primary and secondary processes
[tm 124, DFIU Cu 1999; UK Chemical Release Inventory 1998; tm 160 Winter Cu 1999]
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Process unit Dust CcO TOC
mg/Nm? mg/Nm? mg/Nm?
Melt shop Electric furnace <10 <20
Rotary furnace <710 <50
Shaft furnace <10 <100% <20
(ASARCO)
Rolling mill <%0
Milling <10

Note. * With afterburner (after-burning depending on type of feed (oil/organic content).
Collected emissions only

Table 3.12: Achievable emissionsfrom a semisfabrication process
[tm 124, DFIU Cu 1999

Process unit Dust (e]0) TOC PCDD/F
olt olt olt ig/t (IF-TEQ)
M elt shop | Electric furnace <70 - <80 <5
Rotary furnace <50 - <11 <10
Shaft furnace <1? <10
(ASARCO)
without afterburner < 10000
with afterburner <45 <9
Rolling mill - <100
Milling <20

Note. *) After-burning depending on type of feed (oil/organic content)
Collected emissions only

Table3.13: Specific emissionsfrom a semisfabrication process
[tm 124, DFIU Cu 1999]

3.2.2.4 Emissions to water

Pyrometallurgical processes use significant quantities of cooling water (cooling systems are
covered in Chapter 2 and in a separate horizontal BREF on cooling systems). Other sources of
process water are shown in the table below. Suspended solids, metal compounds and oils can be
emitted to water from these sources. All wastewater is treated to remove dissolved metals and
solids. In anumber of installations cooling water and trested wastewater including rainwater is
reused or recycled within the processes [tm 210, Copper Expert Group 1999]. The potentia

sources and relevance of potential emissions to water are shown in the following table and they
are discussed later in this section
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Emission Source Suspended Solids M etal Compounds Oll
Surface Drainage oee o voe
Cooling Water for oee oee .
direct coaling.

Cooling Weter tor . .

indirect cooling.

Granulating Weter ooe oo

Leaching (if not closed vee ) .
circuit)

HCkllng oo (L] [T 1]
Tank House (I not oee

closed circuit)

SCFUbe ng %’Sans oo YY)

Note. es» more significant .......................> less significant

Open leaching circuits and open circuits in tank-houses are not used in the EU.

Table 3.14: Significance of potential emissions to water from copper production processes

3.2.2.4.1 Suspended solids and metal compounds

These can be emitted from several stages of the process, the most significant can be wastewaters
and rinses from pickling operations. The techniques for deding with emissions from the raw
materials handling and storage areas are covered in Chapter 2 and the application of these
techniques are used to prevent and minimise these emissions. Surface water can result from
either rainfal or from the wetting of stored materia to prevent dust formation.

Potential sources of suspended solids and meta compounds are the cooling, granulating and
leaching systems. In genera these systems are either sealed and the water isre-circulated or are
non-contact.

Wash waters, spent electrolyte and process effluents are also produced in the tank houses,
pickling lines and from scrubbers. These effluents contain significant quantities of meta
compounds in solution and are trested dong with liquors bled from the sedled cooling and
granulating systems before discharge to water [tm 28, WRC 1993]. System leakage can occur
and monitoring arrangements are needed for the pipe work and storage tanks, specifically for
pipelines outside the plant and in cases when they in areas without a collection system.
Wastewater treatment processes are described in Chapter 2 and the method used depends on the
contaminants that are present, the destination of the treated water and local environmental

quality.
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Flow Main components [mg/l]

[m¥a) Cu Pb As Ni Cd Zn
Process | 72000 0.01-0.2 [0.001-0.04 [ 0.01-0.1 0.004-0.15 | 0.0001-0.1 0.01-0.2
water
Surface 322000 | 0.0I-0.4 | 0.005-0.Z [ 0.003-0.07 | 0.002-0.4 | 0.0002-0.1 |[0.03-0.4
run-off
Direct 11500000 | 0.01-0.25] 0.001-0.1 | 0.001-0.1 | 0.002-0.06 [ 0.0001-0.005 | 0.02-0.5
cooling
water
Cooling | 82000000
water
(total)

Note. Tablerefersto acombined primary/secondary copper smelter/ refinery complex located at ariver closeto the
sea producing 370000 tonnes of Cu cathode per year.

Table 3.15: Example of the metal content in various waste water s after treatment
[tm 124, DFIU Cu 1999]

Substance Value
kg/a

Cu 11
NI 3
Zn 25
Pb 1
Cr 1
As 0.01
Cd 0.01
Hg 0.01
57 1
Note. Effluent discharge 35000m?/a.

Table 3.16: Annual loads dischar ged to water from a copper semis production plant
[tm 124, DFIU Cu 1999]

Sludges from dl of the processes are produced and these are usually sent for controlled disposal,
in some cases they are returned to the smelter to recover the metallic fraction.

3.2.2.4.2 Oil

This can be present on secondary raw materials and can be washed from the storage areas. The
techniques used for storage are covered in section 2. Waxes and oils are used in the coating and
drawing processes associated with the production of rods and other shapes and their presence is
taken into account to prevent contamination of water.
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3.2.2.5 By-products, process residues and wastes

Some intermediate products generated during copper production may be covered by the
Hazardous Waste List (Council Decision 94/904/EEC) shown in section 2.10.1. Mogt of these
materials however contain recoverable quantities of copper and other non-ferrous metals and are
therefore used as raw materials in their own right, for example dag from the production of tin
from cassiterite is the main source of tantalum and niobium. Fue dusts from al sources can
aso be reused in the smelting process, to prevent dust formation during handling they are
carefully handled, usudly in specialy designed systems or, aready pre-treated for the further
processing requirements.  Some furnace linings can also be reused as tap-hole mass or in the
process and may be incorporated in the dag, in other cases the linings are disposed.

Process Sour ce Intermediate Product, By-
Product, Residue End Use
Abatement Systems Filter Duds. Raw Materid for Cu (refurned
to smelter), Pb, Zn and other
metals.
Mercury compounds. Raw materia for Hg.
Spent catalysts and acid. Chemical Industry.
Sulphuric acid dudges. Neutrdisation
Weak acid. Other uses e.g. leaching,
decomposition for SO,
Smdlter Sag To dag furnace or other
separation — interna recycle.
Furnace linings Recovered or disposed
Converter Sag To smelter — internd recycle.
Slag Furnace Sag Abrasive, condruction
material.
Refining (anode) Turnace Sag To smdter — internd recycle.
Tank House Electrolyte bleed NI sdts, Cu recovery, acid
recovery or other use.
Anode remnants Internal recycle: Converter
(coaling) or anode furnace.
Anode dime Precious metals recovery.
Mdting/smdting SkKimmings and dag Raw materid for meta
recovery.
General Qils Oil recovery.
Hydro Metalurgy Depleted eectrolyte Leaching.
Semis Production Acid pickling solutions and Disposa aswasteif Tow In
rnses. non-ferrous metals or sold for
metal recovery.
Rod Production Acid pickling solutions (if Recovery in separate
applied). electrolytic cell.

Table 3.17: Intermedi ate products, by-productsand residuesfrom the production of copper

Wastes destined for disposa are kept to a minimum and mainly consist of acid dimes from the
sulphuric acid plants that are treated and sent for disposal or furnace linings some of which
cannot be recovered in the process. In some cases tailings from the processing of smelter or
converter dag by flotation are produced, these tailings are disposed of on site or at the mine site
if itisclose. Other wastes are either domestic or demolition wastes.

The above table shows the potential use of the process residues. Many of the residues are used
as raw materials for the production of other metals or as materias recycled within the copper
production route [tm 210, Copper Expert Group 1999]. The following tables show examples of
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the quantities of residues, intermediates and by-products generated by primary and secondary
Processes.

Process unit By-product Amount Use/treatment option
residue [t/q]
Primary planti Annual cathode production: - primary copper 220000 t/a;
Flash smdlting Dust 100000 [nternal use a the flash smelting furnace
furnace
Sag 400000 Further processing in the electric furnace
Electric furnace Dust 400 Externa use for Zn/Pb production
Sag 400000 Externa use as construction materia
Copper converter | Dust 4000 [nternal recycling to the flash smelter or
electric furnace (sec. plant)
Sag 150000 Internal use at the flash smelting furnace
Anode furnace Dust 200 Interna use at the fTash smelting furnace
Sag 20000 Internal use at the copper converter
Sulphuric acid Sulphuric acid 656000 By-product for sdle
plant
Secondary plant: Annual cathode production: secondary copper 150000 t/a.
Electric furnace Dust 10000 By-product for sdle to recover Zn
Sag 40000 Externd use as consiruction materia
Converter Dust 400 Interna use at electric furnace
Sag 10000 Internal use at electric furnace
Contimelt process | Dust 1000 Interna use a the flash smelter/eleciric
furnace
Sag 2000 [nternal use a copper converter
Scrap Dust 1000 Further processing in TLA plant
converter/TLA
plant
Sag 2000 Internal use a the electric furnace
Others:
Electrolyss Anode dime 3000 Internal use a the chemica plant for the
(wet weight) recovery of precious metals and Se, Te, Pb
FHnd Tiquor 35000 nY | Internd use a the chemica plant for the
production of nickel sulphate, As,O;,H,S0,
Process  waste| Sludge (wek 1500 Disposal as hazardous wasie
water  treatment| weight)
plant
Generdl Household 400
refuse

Table 3.18: Example of the quantity of resdues produced by a complex primary and secondary
installation
[tm 124, DFIU Cu 1999
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Process unit By-product, Amount[t/a] Use/treatment option
residue

Blast furnace | Sag 30000 — 35000 | Sold as construction materia
Oxide from after- 700—800 [Tnterna use at the blast furnace
burning chamber,
boiler and cooler
Hlter oxice 1000 — 1500 | External use to recover Zn, Po etc

Converters Sag T7000 — 19000 | Tnterna use at the blast furnace
Oxide from after- 250—300 [Tnterna use at the blast furnace
burning chamber
Oxide from cooler 100 Internal use at the biast furnace
Residues 300 Internal use at the blast furnace
Filter oxide 3500 — 3700 | External useto recover Zn, Pb efc

Anode furnace | Anode copper 7000 — 8000 | Internal use at the biast furnace
residues
Filter oxide 150 Internal use at the biast furnace
Residuesfrom 200 Internal use at the biast furnace
furnace

Electrolyss Anode dime 360 External use
Nickel sulphate 700 External use

Generd Household refuse na

Note. Annual production 60000 t/a cathode.

Table 3.19: Example of the quantity of residues produced by a secondary installation
[tm 124, DFIU Cu 1999

Slags contain varying amounts of copper and many are re-used or treated to recover the metal
content. Slag treatment is often carried out in athermal process to produce an inert dag.

Component Flash furnace Peirce-Smith | Combined slag after electric
converter furnace slag cleaning
[wt.-9%]
Copper 1-25 3-5 0.3-0.8
[ron (totd) 3B-45 20- 45 20- 43
Slica 30-33 25 28—-32
Magnetite 4-18 25 <?Z

Table 3.20: Composition of some copper smelting slags befor e slag cleaning treatment
[tm 124, DFIU Cu 1999]

Many of the dags produced by dag treatment processes contain very low levels of leachable
metals and are stable. They are frequently sold as products for the abrasive and construction
industries as they have excellent mechanical properties, which are sometimes superior to those
of competing natural minerals. Oils from various sources within the process can be recovered.
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3.3 Techniques to Consider in the Determination of BAT

This section presents a number of techniques for the prevention or reduction of emissions and
resdues as wel as techniques reducing the overal energy consumption. They are al
commercialy available. Examples are given in order to demonstrate techniques, which illustrate
a high environmental performance. The Techniques that are given as examples depend on
information provided by the industry, European Member States and the valuation of the
European IPPC Bureau. The general techniques described in Chapter 2 “common processes’
apply to a large extent, to the processes in this sector and influence the manner in which the
main and associated processes are controlled and operated.

The control of furnace operating parameters and the prevention of fugitive emissions from
furnaces and the tapping and pouring processes is aso important. Techniques used by other
sectors are aso applicable particularly those relating to the use of sulphur recovery systems.

The appropriate techniques on a site by site basis are strongly influenced by the raw materias
that are to be processed, in particular the type and variability of the concentrate or secondary
raw materials can be crucia to the choice of process. On a Worldwide basis some operations
have a dedicated single source of raw material but the mgority of the plants in Europe buy
concentrate on the open market and need to maintain flexibility in processing a range of raw
materials. In a similar manner the standard of collection and abatement systems used
worldwide in the industry reflects local, regiond or long-range environmental quality standards
and direct comparison of the environmenta performance of process combinations is therefore
difficult. It is possble however, to judge how a particular process can perform with the
appropriate, modern abatement equipment [tm210, Copper Expert Group 1999].

=S 100

£ 90

E 80

§ 70

T 60

s o =

c 40 : : :

%‘ Japanese EU Smelters American Smelters with

n Smelters (operating costs Smelters Partial S-Fixation
(operating costs 0.394) (operating costs  (operating costs

0.434) 0.438) 0.324)

Note. Sulphur fixation: - Japanese 98.6%; European 98.3%; American 96.8%; Others 52%. (Costs based
on 1€ =1.06 $(16-6-99))

Table 3.21: Average sulphur fixation vs operating cost in €/kg achieved by smeltersworldwide
Sour ce - Brook Hunt 1998 CRU Copper Studies 1997

Using the degree of sulphur fixation as an example, the above table illustrates the effects on
environmental performance and the achievements of the European installations. The table
shows that good sulphur fixation in EU can be achieved within economic boundaries. This is
shown in terms of direct operating cost for plants with comparable, modern process technology
but with variations in abatement.
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3.3.1 Materials storage, handling and pre-treatment processes
3.3.1.1 Primary raw materials

The raw materias are concentrates, fluxes and fuel. Important aspects are the prevention of
leskage of dust and wet materia, the collection and treatment of dust and liquids and the control
of the input and operating parameters of the handling and feeding processes.

The issues specific to this group are: -

The potentidly dusty nature of some concentrates and some fluxes (e.g. lime) means that
enclosed storage, handling and treatment systems are techniques to consider in these
instances. The dust generated by some dag crushing operations means that collection and
abatement may be applicable for this process. Similarly dag granulation water may require
settlement or other treatment prior to discharge.

Concentrates are mixed with fluxes to produce a fairly constant feed therefore the general
practice of sampling and analysis to characterise the concentrates and storage of individua
concentrates separately so that an optimum blend can be prepared for smelting are
techniques to be considered.

Feed blends prepared from bedding plants or from dosing bin systems using weighing
systems such as belt weighers or loss in weight systems are techniques to consider. They
form a sandwich mix on the extraction belt. Final mixing and homogenisation takes place
in the conveying and drying systems. Enclosed conveyors or pneumatic transfer systems
are used. Hot gas rotary dryers, fluidised bed, flash or steam coil dryers etc can be used,
steam coil dryers use waste heat from other parts of the process provided that the heat
balance alows it. The drier and associated dust abatement stage therefore depends on site-
specific conditions such as the reliability of the steam supply. Fabric or ceramic filters
achieve better dust removal efficiencies than EPs.

In some cases the dry material is reported to have an ignition temperature of between 300
and 400° C but this factor can be dedt with in a number of ways. For example the oxygen
content of the gasesin a hot air drier is low and the operating temperature is controlled at a
maximum tolerable level, mostly by mixing with cold air, nitrogen may also be used, auto
ignition may not be a problem in these cases. Similarly steam coil dryers can maintain a
low temperature in the concentrate and a low airflow rate, this can achieve the same effect.
Some techniques are also used to prevent auto ignition. Heat or spark detection can identify
hot spots and these devices can be used to trigger nitrogen quenching. These are all
techniques to be considered depending on the site.

Storage of acid produced during the process in double waled tanks or tanks placedin
chemically resistant bunds are techniques to be considered. The treatment of acid dimes
from the sulphuric acid plant and weak acid from scrubbing systems depends on loca
processing or disposa requirements unless there is a local use for the material. Anode
dimes and other metal containing residues that are destined for recovery off site should be
stored drums or other suitable ways depending on the materid.
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EXAMPLE 3.01 RAW MATERIAL SAMPLING AND RECEPTION SYSTEM.

Description: Concentrate reception and sampling system. Enclosed vehicle tipping area, sedled
transfer system and computerised sampling. Enclosed storage and blending area, enclosed
conveyors.

Main environmental benefits: - Prevention of fugitive dust. Defined feed for the process.
Operational data: - Not available but visual indications are of a very high standard.
Cross media effects: - Positive effect - Reduction in energy usage, reduction of main emissions

Economics: - No data available but it can be concluded by common pactice that these
techniques are economically viable. Production efficiency increased.

Applicability: - Most primary processes.
Example plants: - Currently in use a ingtdlations in Spain, Belgium and Germany.

Reference literature - [tm 106, Farrell 1998]

3.3.1.2 Secondary raw materials

There are a variety of secondary raw materias used for secondary production and they range
from fine dusts to large single items. The copper content varies for each type of material and so
does the content of other metals and contaminants. Size and copper content (low, medium and
high) can be used to classify the materials. Techniques used for storage, handling and pre-
treatment will vary according to the materia size and the extent of any contamination. These
factors vary from site to site and the techniques discussed in Chapter 2 are techniques to be
considered. The site-specific issues that apply to this group are:

The storage of fine dusts in enclosed buildings or in sealed packaging.

The storage of secondary raw materials that contain water-soluble components under cover.
The storage of non-dusty, non-soluble materia in open sockpiles and large items
individudly in the open.

Large items including lumps of dag, metd (blister etc) may damage concrete surfaces
causing hidden cracks and the specific case influences the technique used.

Pre-treatment stages are often used to remove organic components such as cable insulation and
printed circuit board remnants and to separate other metals e.g. tin or lead.

The use of milling and grinding techniques with good dust extraction and abatement are
techniques to consider. The fine dust that is produced may be treated to recover precious
metals, pneumatic or other density separation techniques are used.

Cryogenic techniques are also techniques to consider to make cable coverings friable and
more easily separated.

Therma de-coating and de-oiling processes are also techniques to consider and will feature
an after burning stage to destroy any organic material in the off gas.

Fine dusts are stored and handled in a manner that prevents the emission of dust. They are
often blended and agglomerated to provide a consistent feed to the furnace.
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Raw Material Storage Handling Pre-treatment Comment
Cod or Coke. Covered Bays, Covered
Silos. conveyors if non-
dusty. Pneumatic.
Fuel and other Tanksor drums | Secure pipeline
ails. in bunded areas. | or manua
system.
Huxes. Open on concrete | Enclosed Blending with
or smilar, floors. | conveyorswith concentrates or
If dust forming Enclosed (Silo) if | dust collection. other material.
required Pneumatic.
Concentrates. Enclosed unless | Enclosed with Blending usng
non-dust forming. | dust collection. CONveyors.
Pneumatic. Drying.
Copper Products | Open concrete
— Cathodes, wire- | areaor covered
rod, copper storage.
billets and cakes.
Fine dust. Enclosed. Enclosed with Blending,
dust collection. Agglomeration.
Pneumatic.
Coarse dust (raw | Covered Bays Mechanical De-aling it Oil collection It
materid or loader. necessary necessary
granulated dag)
Cump (raw Open Mechanica Ol collection it
material or dag). loader. necessary
Whole Items Open or Covered | Mechanical Ol collection It
Bays loader. necessary
Swarf Covered storage | Charge kips Swarf drying or Ol collection if
de-ailing. necessary
Cable. Open Mechanica De-coating.
loader.
Circuit Boards. Covered Bays Mechanical Grinding + Plastic content
loader. density may provide heat
Separation. input.
Processresidues | Open, covered or | Dependson Appropriate
for recovery. enclosed conditions. drainage system.
depending on
dust formation.
Wastes for Open covered or | Dependson Appropriate
Disposd. (e.g. enclosed baysor | conditions. drainage system.
furnace linings) seadled (drums)
depending on the
material.

Table 3.22: Storage, handling and pre-treatment techniquesto consider for copper

233




Chapter 3

3.3.2 Primary smelting processes
The copper smelting processes practised in the EU are [tm 92, Copper Expert Group 1998]: -

Outokumpu flash smelting using high oxygen enrichment for normal copper concentrate to
matte smeting. Matte conversion in Peirce-Smith converters to produce blister copper.
Sag cleaning in eectric furnace or by flotation.

Partial roasting of concentrates in a fluid bed roaster, electric furnace smelting to matte.
Matte conversion to blister copper in Peirce-Smith converters. Slag cleaning by fuming.
The raw materials processed contain zinc and some lead as well as copper.

Smelting and conversion to blister copper of primary and secondary lead/copper and some
zinc containing raw materials in an 1ISA Smelt furnace. Lead production by dag cleaning in
ablast furnace.

These are all techniques to be considered.

The Outokumpu flash furnace produces a high-grade matte that assists and smplifies the
process of conversion.

In some instances the furnace can produce blister copper directly without a converting stage.
The use of the Outokumpu Flash furnace in this manner is characterised by blister copper
production in one smelting step when using specific low iron containing or very high grade
concentrates (low dag fal) [tm 137, Cu Expert Group 1998]. For example this process is used
in Poland for direct blister production from concentrate with alow iron content.

The Outokumpu flash smelting process features heat recovery in the form of steam and
electricity and aso the collection and recovery of sulphur dioxide as sulphuric acid. Furnace
lining life is agpproximately 5 to 10 years (depending on various factors, like furnace size,
production rate and operating parameter practised etc.).

In addition to those above, severa other furnaces are used for the smelting stage worldwide [tm
137, Copper Expert Group 1998] and several of these can aso be considered. The use of the
reverberatory furnace for primary copper concentrates is not included as a technique to be
considered.

There is a distinction between these processes as two of the processes, the Mitsubishi and
Kennecott/Outokumpu processes, combine the smelting and converting stages. The Mitsubishi
processes uses three interconnected furnaces with gravity flow of molten material between the
furnaces. The Kennecott/Outokumpu process uses a matte granulation and grinding process
between the smelting and conversion flash furnaces so that the unit operations are uncoupled.

All of the furnaces mentioned have been described earlier and are listed in the following table,
which summarises the advantages and disadvantages of the various processes.
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Furnace Applied Gas Advantages | Disadvantages | Comments
Capacity | Collection
x1000 t/a
Smelting process.
Outokumpu Fash | ~150to Sedled High Comparatively Vast process
Smeting 370 Furnace smelting rate. | higher knowledge
(mostly 200 High quaity | investment but available.
to 300) matte. lower operating
Long furnace | cost.
lining life.
Electric (with ~40 to Sedled Primary and | Two-stage
partial roasting) 220 Furnace secondary. process
Compact.
ISA Smelt ~1/0to Hooded Primary and | Requires a settler | Moist feed
230 secondary. to separate matte | can increase
High and dag. gas volumes
amdting rate.
Variety of
fuds
Norandaand El ~12010 Hooded. Compact. FurnaceTining Processes are
Teniente 150/ Lower cost. | life~ 2 years deveoping
and 70 to rapidly and
190 their status
(for 1 unit) will improve
intime.
nco Flash ~120to Sedled High Autogeneous
200 Furnace smdlting rate. | 100% O, used
High qudity | resultingin
matte. narrow operating
window.
Contop ~120 Seded HighBirand | Low throughput | Only one
Furnace Zn removal. plant.
Vanyucov ~7100 or Hooded Smilarto Too Tittle dafa
process more Noranda to assess.
Balyin process ~70 Hooded Smilarto Too [ittfle data
Noranda. to assess.
Divided
furnaceto
giveintegra
Settler

Table continued on following page
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Furnace Applied Gas Advantages | Disadvantages | Comments
Capacity | Collection
x1000 t/a
Continuous,
Coupled Process
Mitsubishi ~12010 Sedled Candso SomeTimitetion 3™ plant being
240 Furnace melt infeed. Coupled | constructed.
purchased unit operation
and anode with effect on
scrap. High | efficiency of the
smelting rate. | complete line.
No ladle Sulphur content
transfer of blister copper.
Continuous
Uncoupled
Process
Kennecott/ ~300 Sedled Surge Comparaively 2nd plant
Outokumpu Flash Furnaces storage of higher ordered.
Smedlting and ground investment cost | Theonly
converting matte. No but lower direct | process
process ladle operating costs. | concept with
transfer. uncoupled
unit
operation.
Operation at
different sites
possible

Table 3.23: Overview of Primary Copper Smelting furnaces

3.3.3 Sulphur dioxide removal

The sulphur dioxide produced during the smelting and converting stages can have a severe
environmenta impact and is removed from the gases in either a sulphuric acid plant or by
recovery as sulphur dioxide. The various processes used for sulphur dioxide remova are
described in Chapter 2 of this document. The process used depends on local markets for liquid
sulphur dioxide, generaly conversion to sulphuric acid is used [tm 92, Copper Expert Group
1998]. There are severa factors that are specific to the copper industry. These are all
techniques to consider in the determination of BAT.

The use of oxygen enrichment in copper smelters results in a high sulphur dioxide content in the
smdting furnace gases. Although this is subsequently diluted to 14% SO, for conversion, the
gas volume reduction alows significant savings to be made in the size of ducts, blowers and
abatement plant [tm 140, Finland Cu 1999; tm 107, Ullmanns 1996]. The other factor that is
present with high gas strength is the potentia to use the excess heat present in the gas
particularly after the catalysis stages, which are strongly exothermic; however that may reduce
the flexibility to accept variations of gas flow and composition. The dilution of the gas
mentioned before aso has to provide sufficient oxygen for the catalytic process.

The other factor affecting the sulphur dioxide content is the variable content of gases from the
copper converter, which is described above. This variation of SO, content means that the
design of the acid plant needs to take this into account in the scrubber and heat transfer stages
and in the choice of catalyst. As reported earlier the choice of catalysts is now greater and
caesium oxide doped catalysts may be capable of improving performance.
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The performance of a metallurgical acid plant is dependent on the performance of the gas
cleaning section. If the cleaning system is not effective in removing impurities from the
incoming gas, the performance of the contact section will deteriorate. Although the design of
wet gas cleaning systems may differ widely, they have the following requirements and features
in common:

e Solid contaminants must be removed, giving a find gas quality of < 1 mg solid/Nn?
(optically clear).

e Sulphur trioxide content of the gas to be reduced to the level of 15 - 25 mg/Nnr.

e FHuorides and chlorides must be removed to prevent damage to downstream tower
brickwork and converter catalyst.

e The gas must be cooled to a temperature satisfying the acid plant water balance. The
temperature is dependent on the SO, concentration of the gas and the concentration of the
acid produced. A gas with 4 - 6% SO, requires cooling to temperatures below 30 °C while
a gas with SO, contents of well above 10% can tolerate gas temperatures of approximately
35 - 40 °C, when producing 98.5% grade acid.

The rate of converson of sulphur dioxide to sulphur trioxide is generally reported for these
processes and can be in the range 99.5 to 99.9% for the gases produced from primary copper
smelting and converting. There are however, several factors that affect the conversion rate and
these must be taken into account at alocal level. The factors are: -

Input gas cleanliness to reduce poisoning of the catalyst e.g. mercury remova depending on
the content in the feed.

Input gas strength and consistency. Higher strength gases and more consistent SO,
concentrations tend to enable higher conversion efficiencies to be achieved. Thisis duein
part to the consistent inter-pass gas cooling that can be achieved when there are few
variaions in concentration.

Choice of catalyst. Caesium oxide doped cataysts tend to increase conversion rates
provided that the other factors are controlled to prevent poisoning. Routine catalyst changes
may alow improvements to be made to the catalyst during maintenance but to be fully
effective must be accompanied by improvements in other areas.

Correct input gas temperature, oxygen content and water balance (see above).

Effective adjustment of gas conditions, in particular the temperature, between the catalyst
passes.

Conversion rates therefore vary with time and steady state values can be mideading however
the following examples illustrate the performance that can be achieved by well designed plants
operating with different input gas characteristics.
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EXAMPLE 3.02 SULPHURIC ACID PLANT OPERATING UNDER VARYING GAS CONDITIONS

Description: - Gas cleaning and washing section. 3 lines of Lurgi double contact sulphuric acid
plant, 4 and 5 passes, modern catalyst. Weak acid to neutrdisation ~ 12 — 15 m3¥h with 5%
H,S0,, aswell as therma decomposition of acid bleed with higher (~ 50%) acid concentration.

Main environmental benefits: - High conversion rate for sulphur dioxide More than 99.6%
achieved with a recent instalation.

Operational data: -

Component Measured Values
Off-gas volume: 320000 Nm¥h
SO, 100—1100 mg/Nn?
SON 20—40 mg/Nn?
NO, (asNO,) 20—-45 mg/Nn?
Cl (asHCI) 2—7 mg/Nn?
F (asHF) 1-4 mg/Nn?
Average — residual dust: <2 mg/Nm?
Range — residual dust : 1-7 mg/Nn?
Range — components:
Cd <0.01-0.02 mg/Nn?
Hg <0.01-0.07 mg/Nn?
Tl <0.01-0.02 mg/Nn?
As <0.01-01 mg/Nn?
Se <0.01-0.02 mg/Nn?
S <0.01-0.03 mg/Nn?
Pb <001-015 mgNn?
Cu <0.01-0.09 mg/Nn?
PCDD/PCDF 0.001-0.01 ng ITE/NN?

Table3.24: Performance data of a sulphuric acid plant operating under varying gas conditions

Cross media effects. - Positive effect — Reduction of main emissons of sulphur dioxide by
converson to sulphuric acid, recovery of the heat from the gases and evolved during
conversion.

Economics: - 55 million € ingtaled for 1 acid plant line. See also appendix on cost
Applicability: - Off gases from primary smelter (SO, concentration > 6%; combination with off
gases from secondary smelter is possible). These features can also be applied to most existing
installations.

Example plants. - Currently in use by a plant in Germany

Reference literature :- [tm 124, DFIU Cu 1999; tm 210, Copper Expert Group 1999].
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EXAMPLE 3.03 SULPHURIC ACID PLANT OPERATING UNDER IDEAL CONDITIONS

Description: - Double contact sulphuric acid plant, 4 passes modern caesum catalyst.
Monsanto Enviro Chem 3:1 IPA process

Main environmental benefits: - Maximum recovery of sulphur dioxide.

Operational data: - Treatment of combined FSF and FCF gases with 30 —40% SO,, diluted to
14% & contact plant inlet at an annual average flow of 171300 Nn?. Up to 99.9% conversion
achieved. Plant relies on a high, constant sulphur dioxide feed, sophigticated gas cleaning and
inter-pass cooling and Cs doped catayst. Sulphur dioxide emission in the tail gas (as annua
average) is around 150 mg/Nn.

Cross media effects: - Pogtive effect - Reduction of main emissons of sulphur dioxide,
recovery of energy.

Economics: - Not assessed but the process has been recently installed and is operating
economicaly.

Applicability: - Specific case for ideal feed gas conditions.
Example plants: - In operation in aplant in USA.
Reference literature: - [tm 140, Finland Cu 1998].

The other factor that is important when high strength gases are used in a sulphuric acid plant is
the residual SO, content in the exhaust gases. Most European plants achieve a conversion
efficiency in the range 99.5 to 99.8% and with an input concentration of 8.4, 10, 11 or 13% SO,
a the contact plant. The% conversion excludes he period during start up and shutdown
operations and emergency events.
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3.3.4 Secondary smelting processes

The range of secondary materials and the variation in copper content and degree of
contamination has lead to the development of a range of smelters for secondary materials [tm
137 Copper Expert Group 1998]. In Europe the Mini Smelter, blast furnace, the ISA Smelt
furnace, the TBRC and the sealed submerged arc electric furnace are used for a wide range of
materials. They are al techniques to consider depending on the type of raw material.

The Mini Smelter is used for secondary materias and dag using iron and high iron content
scrap as a reductant. The converter is used for the treatment of iron containing black copper
from the smelting furnaces and for the smelting of aloy scrap. The reverberatory hearth furnace
is used for refining of converter copper and scrap with higher copper contents.

Table 3.24 gives an overview of the advantages and disadvantages of the secondary smelting
furnaces for lower grade feed materials.

Severa of the techniques described in Chapter 2 are applicable to fume extraction and
abatement and the process control systems used by these furnaces. These techniques are not
routingy used by al ingdlations at the time of writing. The process control system for the blast
furnace is considered to be suitable for development and its potential inclusion is subject to this
factor.

Gases from secondary smelters usualy contain little or no sulphur dioxide provided sulphidic
materia is avoided but can contain significant quantities of the more volatile metals such as lead
and zinc etc. They can also contain VOCs, dioxins, CO and dust and so the abatement stages
for secondary smelting involves gas cooling (with heat/energy recovery), after-burning to
destroy organic carbon and dioxins, coarse particle separation if necessary and fabric filtration.
The collected dusts are recycled to recover these metals.

EXAMPLE 3.04 DESTRUCTION OF DIOXINS

Description: - Oxygen injection in upper zone of blast furnace. The process concerned has no
room to allow an afterburner to be fitted. There are some regtrictions in the degree of gas
mixing achieved but the overal performance is acceptable. Control systems for the system may
be developed.

Main environmental benefits: - Destruction of dioxins. Destruction of CO and other carbon.
Operational data: - Dioxins < 0.5 ng/Nnm? TEQ achieved.

Cross media effects: - Overall positive effect - Reduction of main emissions. Energy cost of
producing oxygen.

Economics: - Not available but the technique is alow cost modification and is operating viably.
Applicability: - Most hot top blast furnaces and maybe other processes.
Example plants: - Currently in use by plantsin Germany.

Reference literature : - [tm 124, DFIU Cu 1999].
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after-burning and
cleaning (fabric
filter)

Furnace Capacity GasCollection Advantages Dis- Comments
Range & Abatement advantages
Requirement

Blast Furnace ~150t0 200 [ Semi Sealed. Low grade Lack of Improvement in
tonnes per | Gas cooling* material. processcontrol | process control for
day per after-burning and development. | inclusion.
furnace. cleaning (fabric Production rate

filter) depends on type of
feed and copper
content.

Submerged Arc | For a Seal ed. Established for | Some feed CO formed burnsin

Electric Furnace | 8 MVA After-burning, gas | computer restrictions. the furnace to
furnace: cooling and scrap. Low gas provide heat.
8-25 cleaning** volume. Production rate
tonnes per depends on type of
hour feed copper content
melting rate and furnace rating.

Mini Smelter Enclosed. High smelting | Some feed

Gas cooling and | rate. Compact. | restrictions.
cleaning (fabric
filter)

TBRC Upto~40 | Enclosed Range of Expensive.
to 70 tonnes | Gas cooling* and | material. High
per batch cleaning (fabric | smelting rate.

filter) Compact.
Rotation.

ISA Smelt ~30000to | Hoods Range of Developing. Not proven for
40000 Gas cooling* & material. High lower grade
tonnes per | cleaning** smelting rate. material under
year. reducing conditions.

Commissioning
stage for batch
processing sulphur
containing feed
producing matte and
matte converting

Converter ~15t0 35 Hooded. For treatment of
tonnes per | Gas cooling and black copper from
batch per cleaning** (fabric melting furnaces
converter filter) and smelting of

copper alloys.
Hearth Shaft ~250t/d Sealed and Usefor melting | Some feed Fire refining of
Furnace hooded, after- andrefiningof | restrictions higher grade scrap,
burning, cooling | metal, good anode and blister
& cleaning (fabric | energy copper.
filter) efficiency

Contimelt process | 50—100t/h | After-burning High Some feed Fire refining of
(reduction production restrictions higher grade scrap,
furnace), WHB, rate, high anode and blister
cleaning (fabric | energy copper.
filter). utilisation.

Reverberatory ~250t0400 [ Semi Sealed and | Usefor Sealing. Some | Can use Tuyeres

hearth furnace tonnes per | hooded. convertingand | feed along with tilting
day Gas cooling* refining. restrictions. system.

Fire refining of
higher grade scrap,
and blister copper.

Note. *)

**)

Ift

he temperature level is high enough waste heat recovery may be considered; for cleaning in
fabric filters further cooling is required.
In the EU plants the off-gas may contain sul phur dioxide during certain campaigns and thereforeis
treated in a scrubber or sent to in an acid plant at these times.

Table 3.25: Overview of secondary smelting furnaces
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3.3.5 Converting
3.3.5.1 Primary copper converters

The converting stage used in Europe is the Peirce-Smith (or similar) Converter. It is dso
commonly used Worldwide [tm 92, Copper Expert Group 1998]. This type of converter has a
very robust and efficient level of performance. They are capable of a high level of metallurgical
treatment and can be used to fume off included metals such as lead and zinc which can then be
recovered. The heat generated during processing is aso available to melt copper scrap (e.g.
anode scrap) and this factor is an important advantage. They suffer from the disadvantage that
they rely on the feed and transfer of material by ladle, skip or mould.

This is a potential source of fugitive fume that contains dust, metals and sulphur dioxide. The
ladle or skip used for feeding can interfere with the efficient positioning of the fume collector
hoods. Good operation of the converter therefore relies on the use of primary and secondary
fume collection hoods during charging and pouring to collect as much fugitive fume as possible.
Dusts, fluxes, carburant, scrap etc. can be added through the hood. Automatic controls can
prevent blowing during the periods that the converter is “rolled out” or “rolled in” again.

These processes and the techniques for control and fume collection are suitable for use with new
and existing installations and are techniques to consider.

Other converter processes are aso used worldwide [tm 137 Copper Expert Group 1998] and are
also techniques to consider. The converter stages that are used in the continuous Mitsubishi and
Outokumpu/Kennecott flash smelting/flash converting processes do not require ladle transfer

and therefore remove this source of secondary fume. Both of these processes however, till

require some fume collection at launders and tap-holes and the flash converting process is
dependent on furnace matte and converting dag granulation matte grinding and handling, which
may be a potential source of some emissionsto air and water. Neverthel ess these processes are
inherently cleaner and emission control does not rely as much on maintenance and operator
care. In the Mitsubishi converting furnace matte is flowing into a molten copper bath and reacts
by forming dag and metal; due to this reaction the blister copper leaving the converting and

entering the anode furnace is high in sulphur. The off-gases are therefore comparatively higher
in sulphur dioxide and require SO, removal at fire refining stage.

The gases collected from the converting cycles are cooled, cleaned and sent to a sulphur
recovery system. As reported earlier, the SO, content of gases from converter operation is
variable between 6 — 12% throughout the converting cycle, the gases are mixed with the strong
gases from the smelting stage. The continuous converting processes have strong, constant
concentrations of SO, and therefore enable comparatively smaller gas handling, cleaning and
cooling systems and somewhat smaller sulphur conversion stages to be used

The ISA Smdt furnace is aso used in a combined process of batch-wise smelting and
copper/lead matte converting to blister copper.
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Converter Capacity Gas Advantages | Disadvantages | Comments
Range Collection

Batch

Converters.

Peirce-Smith ~100to 250 Primary and Simple Proven Relieson ladle Vast process

(or similar) (primary) and | secondary Technology. transfers. knowledge
~15t035 hoods. Melting of available. Usein
(secondary) anode and other primary and
tonnes per scrap. Robust secondary
batch copper and flexible. production.

Good Though hood
metalurgical charging is
performance. used.

Fuming of some

metallic

inclusions.

Hoboken ~50-100 Siphon for Gas collection Blockagesin Mainly primary.
tonnes per primary gas easier. goose neck. Ladle | Useaso for
batch of collection. transfer. copper/lead
copper matte

conversion.

TBRC ~40-70 Enclosed. Secondary Usein
tonnes per smelting of secondary
batch of scrap. production.
copper

ISA Smelt ~40000 tonnes | Hoods, gas Primary and
per year cooling and secondary. Not

cleaning generally
proven.
Applied at the
time of writing
for batch-wise
conversion of
Cu/Pb matte.

Integrated

converters.

Mitsubishi Upto~ Sealed High SO,. Difficult Primary only.
240000 tonnes arrangement in Practices
per year of existing plants. additional Cu
copper Closely coupled scrap treatment.

with smelting May be
process. applicable to
other smelters.

Kennecott/ ~ 300000 Sealed High SO, conc. | Melting of anode | Primary only.

Outokumpu tonnes per Surge storage of | scrap not yet
year of copper Matte. available. To date

only appliedin
one smelter and a
second under

construction.

Table 3.26: Overview of convertersfor primary and secondary copper production
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3.3.5.2 Secondary copper converters

As reported [tm 137, Copper Expert Group 1998], the most common converting stage for
secondary production uses the Peirce-Smith (or similar converters), the TBRC and the ISA
Smelt furnace. The TBRC, when used as a converter, is compact and is normally totally
enclosed dlowing collection of the secondary fume. Copper dloy scrap additions are made to
the converter. Carbon additions are made for heat balancing and for the separation of elements
like zinc or tin by volatilisation under reducing conditions. The same remarks apply to the fume
collection systems that are used in primary copper production. Good operation of the converter
therefore relies on the use of primary and secondary fume collection hoods during charging and
pouring to collect as much fugitive fume as possible, dusts such as fluxes and carburant can be
added trough the hood. Automatic controls can prevent blowing during the periods that the
converter is “rolled out”. Gases from the conversion of secondary copper secondary processes
are treated by gas cooling (with heat/energy recovery if practicable), coarse particle separation
and sulphur dioxide removal if necessary and fabric filtration.

These processes and the techniques for control and fume collection are suitable for use with new
and existing ingtalations and are techniques to consider.

3.3.6 Fire refining

Fire refining is described earlier. Rotary furnaces, reverberatory hearth furnaces, hearth shaft
furnaces and the Contimelt process are al techniques to consider for primary and secondary
smelters. They feature gas additions via tuyeres or lances. The hearth shaft furnace and the
Contimelt process are designed for solid feed. The reverberatory hearth furnace takes solid and
molten copper feed and the rotary furnace takes mainly molten copper feed. Molten copper feed
normally requires the use of lade transfer for filling and some fugitive emissions may have to
be considered as potential problems at this point. Additions of scrap to refining furnaces can
give rise to fugitive fume and scrap that is contaminated with organic materid should be
avoided. The rate of addition of scrap can be controlled.

Fume collection systems are used for the fire refining furnaces, the abatement system required
will vary depending on the material used. The gas and fumes from the furnace are collected,
after-burnt during the reduction stage, cooled and cleaned in fabric filters or scrubbers.
Depending on the sulphur carry over from the converter, sulphur dioxide may need to be
removed, e.g. by caustic scrubbing. For example when fire-refining blister copper from the
Mitsubishi converting furnace, the off-gases can be comparatively higher in sulphur dioxide and
require SO, removdl.

Heat recovery from the refining furnace off-gas is a technique to consider at units melting solid
material at high rates.

Casting of molten copper from the anode furnace into a casting wheel or continuous caster are
techniques to consider.

The processes and the techniques for control, fume collection and sulphur dioxide remova are
suitable for use with new and existing ingtallations.

3.3.7 Electro-refining

Electro-refining processes that feature optimised cell dimensions (spacing, cell size etc), and use
stainless sted cathode blanks or copper starter sheets are techniques to be considered. For
existing tank houses the expense of conversion to stainless steel pre-formed cathodes may not
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be appropriate and copper starter sheets will be used in these instances. Mechanised (and
automatic) harvesting and stripping as well as more eaborate short circuit detection is aso
worth consdering depending on the scale of the operation.

The recovery of copper from solutions involves electro winning and in these cases gases are
evolved at the anode and may produce an acid mist. Collection and removal of these mistsis a
technique to consider.

Sealed tank-house drainage systems and the recirculation of all solutions collected, the recovery
of anode dimes and electrolyte bleed are a so techniques to be considered.

3.3.8 Slag treatment processes

There are various sources of dag produced in the process. Their techniques to consider depends
on the source but essentially smelter dags and some converter dags can be treated in dag
treatment furnaces (electric) when carbon is added and the dag is decopperised to produce matte
and clean dag. Some dags that are rich in copper such as converter slag can be returned to the
smelting furnace or can be dow cooled and a copper rich portion separated, for example in a
concentrate flotation unit. Slag cleaning by the injection of coa into the dag bath using a rotary
furnace is adso a technique to consider, dag fuming and dag re-circulation into the first stage
smelting furnace (reduction or matte smelting stage) are also techniques to consider.

Decopperised ag has a very low leachable metal content and has severa useful properties that
alow its use in civil enginegring and as a shot-blasting medium. The use or the recycling of
dags and the recycling of filter dustsis considered to be part of the process.

3.3.9 Hydrometallurgical processes

The hydrometalurgical treatment of copper oxide and low grade sulphide ores is not practised
in Europe at the time of writing but may have future uses for example at a mine site. The basic
process outlined earlier and in Chapter 2 can have several variants depending on the
characteristics of the ore. The background reports should be consulted [tm 130, Chadwick
1994; tm 137, Cu Expert Group 1998].

Because the hydrometalurgical processes involve leaching, solvent extraction and electrolytic
stages adequate disposal of leached material needs to be considered as well as the containment
of the solvent extraction mixers and settlers. The techniques discussed in Chapter 2 to prevent
emissons to water for example by containing drainage systems are relevant as are the
techniques to recover VOCs and to use of benign solvents.

3.3.10 Tin and other metals

The processes that were discussed earlier as available techniques are all considered being
techniques to consider in the determination of BAT. The specific feed materias will influence
the fina process choice. The techniques discussed in Chapter 2 should aso be considered in
conjunction with these processes.

3.3.11 Copper wire-rod

The processes that were discussed earlier as available techniques are al considered being
techniques to consider in the determination of BAT. The use of advanced controls on the
burners of a shaft furnace to optimise combustion and maintain minimum levels of CO while
maintaining product quality should be considered.
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3.3.12 Ingots, tubes and semi-finished products

The specific feed materials and the fina products will influence the choice of process and the
factors discussed under wire-rod will apply. If copper aloys are used in the process the melting
temperature should be controlled, any fume produced diring melting and casting should be
collected efficiently and treated in a fabric filter, ZnO can be recovered from the fume. The
techniques for temperature and process control discussed in Chapter 2 should also be considered
in conjunction with these processes.

3.3.13 Fume/gas collection and abatement

The gas collection and abatement techniques discussed in section 2.7 and 2.8 of this document
are techniques to be considered for the various process stages involved in the production of
copper etc.

The identification of any organic contamination of secondary raw materias is particularly
important to consider so that the most appropriate pre-treatment, furnace and abatement
combination can be used to prevent fugitive emissions and destroy dioxins and other organic
components in the off-gas.

The use of secondary hoods is aso a technique to be considered the use of intelligent systems
for the targeting of fume collection can reduce the energy demand of these systems. There are
severa Ste-specific issues that will apply and some of these are discussed in 3.3.1.1 of this
chapter. The design of hooding systems needs to take account of access for charging and other
furnace operations and the way the source of process gases change during the process cycle.
Essentialy the process technologies discussed in this chapter, combined with suitable abatement
will meet the demands of stringent environmental protection.

Sour ce Component In off gas Treatment Method
Poor combustion, organic CO, VOC, dioxins Process control Afterburner.
materia in feed Activated carbon injection,
Sulphur In fuel or raw Sulphur dioxide Wet or semi-dry scrubber
material system, lime injection.
Combudtion conditions NG, Process control, correct use of

oxygen. Catalytic reduction.

Furnace and handling Dust Scrubber and/or Tabric filter.
molten materials Metd oxide fume

Table3.27: Abatement methodsto consider
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EXAMPLE 3.05 TARGETED SECONDARY FUME TREATMENT

Description: - Treatment of secondary fume and ventilation gases by SO, absorption and fabric

filter.

Off-gas and secondary

Secondary hoods of
flash smelting furnace Dust and used filter media Cleaned
Trecycled to flash smelting furnace off-gas
Se(iontd_a?’ hoods of Off-gas conditioning _//_R‘
B IRETED and fabric filter Z S
4
Secondary hoods of Ca(OH)-[
converters : ) Cleaned
Dust and used filter media off-gas

recycled to flash smelting furnace

hoods of anode furnace

Hoods for auxiliary
devices e.g. loading
station

Secondary hoods of
flash smelting furnace

Dust and used filter media -
recycled to flash smelting furnace
Fabric filter

Fabric filter

Figure 3.12: General arrangement of the system

Secondary gases from ventilation Converter secondary hoods, electric dag

area cleaning furnace hoods, electric dag
cleaning furnace off-gases, ventilation
systems at flash furnace, anode furnaces,
reverts handling and preparation.

Infet Conditions:

Max design volume : 580000 Nm3h

Volume variation: ~ 350000 to 550000 Nm?¥h

Absorbent for SO, removal: Saked lime

Average dust & absorbent content: 1500 mg/Nm3

Range dust : 1-5 g/Nm?

SO, inlet range : 100 - 1500 mg/Nm?3

Ouitlet conditions:

Volume variation: ~ 350000 to 550000 Nm¥h

Average residual dust: <2 mg/Nms3

Range residua dust : 1-7 mg/Nm3

Range components:

Cd <0.01-01 mg/Nm?3

As <0.01-08 mg/Nm?

Ni <0.01-0.3 mg/Nm?

Se <0.01-0.9 mg/Nn?

Sh <0.01-05 mg/Nm3

Cu <002 -2 mg/Nm?

Sulphur absorption ~50t0 70 %

Table 3.28: Performance data of the system

The ingtalation uses a system of 3 secondary hoods in addition to the main hood. These hoods
can be connected either to the sulphuric acid plant (hood 1) or to the secondary cleaning system
(hoods 2 & 3). During filling and pouring operations the individuad hoods are motor-driven to

the positions that ensure optima collection efficiency.
converter hood arrangement is shown below: -

Intelligent controls are used. The
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Suction

Secondary hoods

Figure 3.13: Targeted secondary fume capture system
[tm 201, Velten 1999]

Main environmental benefits:- Collection and trestment of fugitive emissons. Minimisation
of energy use.

Operational data: - 99% fume capture achieved

Dust emission kg/a
Befor e additional After additional
secondary gas secondary gas
collection (1992) collection (1996)*
Anode production t/a 220000 320000
Fugtiveemissons -
Tota Smelter 66490 32200
Smdter roofline 56160 17020
Controlled emissons
(Primary smelter): -
Smelter/acid plant 7990 7600
Secondary hoods stack 2547 2116
Note. * Emissions after an investment of 10 million Eurosto give an improved fugitive gas
capture and treatment system. Additional energy = 13.6 GWh/a

Table 3.29: Performance of secondary fume capture improvements

Cross media effects: - Positive effect - Reduction in energy usage compared to total ventilation
ar capture, reduction of main emissons

Economics: - 23 million DM for complete system including hooding, ducts, controls. Energy
consumption 13.6 GWh/a. See aso appendix on cost data.

Applicability: - Most converter processes. Applicable to a range of furnaces such as the El
Teniente and Noranda furnaces.
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Example plants. - Germany.

Reference literature : - [tm 161, Petersen 1999]; [tm 92, Cu Expert Group 1998].

EXAMPLE 3.06 COLLECTION OF VENTILATION GASES AT THE ROOF LINE

Description: - Converter aide fume collection system to treat the ventilation gases. All of the
ventilation gases are collected at the roofline. They are treated to remove dust, metals and
sulphur dioxide.

Main environmental benefits: - Collection of fugitive emissions from the converter aide.
Operational data: - 99.9% fume capture achieved from smelter/converter building producing

170000 t/a anodes, gases are cleaned in combination with dryer gases. Limited SO, remova
possible with current system using EP.

Emission point
Emissions Primary Secondary | Fugitive
capture capture
200000 1000000
Nm?/h Nm?*/h
Sulphur dioxide. 523 ta 2242 1a 1471a

Table 3.30: Performance of gastreatment after roofline capture

Cross media effects: - Overdl positive effect — Very energy intensive but a reduction of total
emissons

Economics: - Not available but 2 plants are operating viably.
Applicability: - Most converter processes.

Example plants: - Sweden, Finland

Reference literature: - [tm 140, Finland Cu 1999]; [tm 106, Farrell 1998].

The use of hoods for tapping and casting is aso a technique to consider. Tapping fume will
consists of fumes from oxygen lancing, dust from drilling, fumes from the vaporised dugs if a
tapping gun is used and fumes from all exposed meta and dag surfaces. These fumes will
consist mainly of oxides of the metals that are involved in the smelting process.

The furnace gases that are collected are usually very hot and cooling or energy recovery is used
to prevent damage to abatement equipment. Conversion to sulphuric acid or production of
sulphur dioxide is the technique for primary copper. Fabric filters and /or scrubbers are used for
secondary copper and for the drying and fire refining stages, scrubbing or dry gas de-
sulphurisation methods to remove lower concentrations of sulphur dioxide are techniques to
consider.

The following two examples illustrate the use of after-burning, cooling, neutraisation and
filtration.
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EXAMPLE 3.07 AFTER-BURNING, GAS COOLING AND FABRIC FILTER

Description: - Post combustion chamber and gas trestment comprising coke/lime treatment
followed by fabric filter. Post combustion system used for a blast furnace producing 15200 t/a
black copper. Gas volume 32000 Nnv*/h.

Blast furnace Afterburning ~ Waste-heat Cooler Filter Filter
chamber boiler
Inputmaterials Burner air Water Steam Lime/ coke

—» ood offgas
@ . I_ I_|—> Hood offg
\Wi

ffgas Natural - ot L
v gas LR o7
| | = o
L1 Ll
| i
I Oxide of Flue dust
blast furnace ~ (nput to blast
* * * furnace)
y
« Al " V
—v

(Input to blast furnace)
Ventilation Q’

( o — j
E> N Slag
O ; Metal (70 - 80 % Cu)

Figure 3.14: General arrangement of an afterburner system

Main environmental benefits: - Destruction of dioxins. Destruction of CO and other carbon.
Operational data: - Dioxins < 0.1 ng/Nn? TEQ achieved.

Cross media effects. - Posgitive effect - Reduction of main emissions. Recovery of other
metals.

Economics: - Installed cost of afterburner and fabric filter ~ 1.5 million €. See also Appendix
on costs.

Applicability: - Most blast furnaces, applicable to other furnaces with the same requirement to
cool gases and remove CO, SO, and dust.

Example plants. - In usein plantsin Austriaand Germany.

Reference literature: - [tm 124, DFIU Cu 1999], [tm 160, Winter Cu 1999, [tm 226, VDI
2102 1999]

ExXAMPLE 3.08 GAS COOLING AND FABRIC FILTER

Description: - Gas cooling system and fabric filter. Incorporates lime addition if sulphur
dioxide is present in the gases.

Main environmental benefits: - Treatment of gases from converter and fire refining furnaces
to remove dust and metals.

Operational data: - Dust - 1 - 3 mg/Nn?. Cu+Pb+Zn < 0.2 mg/Nn?
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Cross media effects: - Positive effect - Efficient reduction of dust and metals. Recovery of Zn
and Pb etc.

Economics: - Not avallable but viable operation established. Similar process in gppendix on
costs.

Applicability: - Most converter and anode furnaces. Applicable to dryers.
Example plants. - In use at aplant in Austria.

Reference literature: - [tm 160, Winter Cu 1999]

3.3.14 Process control and management

The principles of process control and management such as the use of 1SO 9000 systems
discussed in Chapter 2 are applicable to the production processes used in this Group. Some of
the furnaces and processes are capable of improvement by the adoption of many of these
techniques. Temperature control of furnaces used for melting copper aloys is a technique to
consider. Operator training, provision of operational instruction and the management systems to
implement these factors are vitad. Systems for preventative maintenance should also be
considered where justified or required.

3.3.15 Wastewater

This is a Ste-specific issue, existing treatment systems are reported to be to a high standard. Al
wastewater should be treated to remove dissolved metals and solids. The techniques listed in
Chapter 2 are the techniques to consider. In a number of installations cooling water and treated
wastewater including rainwater is reused or recycled within the processes. Run-off water, if
collected and kept separately, should be treated by settlement and/or pH adjustment before
release.
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EXAMPLE 3.09 WASTEWATER TREATMENT

Description: - Treatment of weak acid from the sulphuric acid plant, various acidic wash waters
using lime and iron sulphate.

Main environmental benefits: - Minimum wastewater discharge, reduction in water
consumption.

Operational data:

Inlet Conditions:
Flow: 35 mih
Content:
H,0, 60 g/l
Cu 2100 mg/l
Hg 15 mg/l
As 2200 mg/l
Pb 2600 mg/l
Ni 7 mg/l
Cd 110 mg/l
Suspended solids 200 mg/l
Effluent water*™:
How 31.2 m¥h
pH 95
Cu 0.2 - 0.5 mgll
Hg 0.05 mgll
As 0.1 mg/l
Pb 0.2 mgll
Ni 0.5 mgll
Cd 0.1 mgl/l
Gypsum dudge: - Amount: 6-7 th
: - Composition 40—-50 %moisture
~30-35 %CasO,
~1 %As(asarsenic
compound),
~1 % Cu,
~1-2 %Fe,
~0.01 % Hg,
~1 Pb,
~<0.1 % Ni,
~<0.1 % Cd.

* Design data taking variations in effluent into account.

Table3.31: Performancedata for thetreatment of weak acid

Cross media effects: - Positive effect - Reduction of main discharges to water, possible re-use
of waste-waster and sludge.

Economics: - Equipment cost 2.5 million Euros, ingtaled costs 4.5 to 5.2 million Euros.
Electricity 200kw. Milk of lime (10%); 15 m?/h. H,S0, (10%); 0.8 m?/h. FeSO,.7H,O; 80 kg/h

Applicability: - Most process water systems.

Example plants: - Project under congtruction in EU.
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Reference literature : - [tm 210, Cu Expert Group 1999]

EXAMPLE 3.10 WASTEWATER TREATMENT AND REUSE

Description: - Surface water and process effluent collection and treatment system. Includes
treatment with NaHS followed by settlement and sand filter. Water is re-used within the
process and for stock yard watering.

Main environmental benefits. - Minimum waste-water discharge, reduction in water
consumption.

Operational data: - Maximum water re-use achieved. 110000 n/a discharged.

Component Secondary copper processwater after
treatment with NaH S, settlement and
sand filtration
Cumg/l 0.04
Pb mg/l 0.04
NI mg/l 0.07
Znmg/l 0.13
Asmg/l <0.0I
Cdmg/l 0.004
Suspended solids mg/I 1.0

Table3.32: Performance datafor atreatment system using NaHS

Cross media effects: - Positive effect - Reduction of main dischargesto water, re-use of waste-
waster.

Economics: - Not available but in operation and economicaly viable.
Applicability: - Re-use of rainwater for damping scrap area.
Example plants. - Begium.

Reference literature: - [tm 106, Farrell 1998].

253



Chapter 3

EXAMPLE 3.11 COOLING WATER TREATMENT

Description: - Treatment of direct cooling water bleed applied in an anode casting system.

Main environmental benefits: - Minimum waste-water discharge, reduction in water
consumption.

Operational data:

Type of treatment: Settling, pH adjustment and
pr ecipitation

Raw water:
Quantity: ~ 350000 m¥a
Main components. Beforetreaiment [ Tn effluent
pH 85-95
mg/l Cu, <30 0.01-0.25
mg/l Pb, <25 0.001-0.1
mg/l As <20 0.001-0.1
mg/l Ni <05 0.002 — 0.06
mg/l Cd, <001 0.0001 - 0.003
mg/l Zn <10 0.02-0.5

Table 3.33: Performance data for a cooling water bleed treatment system

Cross media effects: - Positive effect - Reduction of main discharges to water.
Economics: - Not available but the system is operating viably.

Applicability: - Re-use of rainwater for damping scrap area.

Example plants: - In usein aplant in Germany.

Reference literature: - [tm 210, Cu Expert Group 1999

3.3.16 Process residues

The available techniques comprising the recovery of metas from the residues and the
minimisation of waste for final disposal are the techniques to consider.
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3.4 Best Available Techniques

In understanding this section and its contents, the attention of the reader is drawn back to the
preface of this document and in particular the fifth section of the preface: “How to understand
and use this document”. The techniques and associated emission and/or consumption levels, or
ranges of levels, presented in this section have been assessed through an iterative process
involving the following steps.

identification of the key environmental issues for the sector; which for the production of
copper are SO,, dust, metal oxide fume, organic compounds, wastewater, residues such as
furnace linings, dudge, filter dust and dag. Dioxin formation during trestment of secondary
copper materiasis aso an issue;

examination of the techniques most relevant to address those key issues,

identification of the best environmental performance levels, on the basis of the available
data in the European Union and world-wide;

examination of the conditions under which these performance levels were achieved; such as
costs, cross-media effects, man driving forces involved in implementation of this
techniques,

selection of the best available techniques (BAT) and the associated emission and/or
consumption levels for this sector in a general sense al according to Article 2(11) and
Annex IV of the Directive.

Expert judgement by the European IPPC Bureau and the relevant Technica Working Group
(TWG) has played a key role in each of these steps and in the way in which the information is
presented here.

On the basis of this assessment, techniques, and as far as pssible emisson and consumption
levels associated with the use of BAT, are presented in this section that are considered to be
appropriate to the sector as a whole and in many cases reflect current performance of some
ingtalations within the sector. Where emisson or consumption levels “associated with best
available techniques’ are presented, this is to be understood as meaning that those levels
represent the environmental performance that could be anticipated as a result of the application,
in this sector, of the techniques described, bearing in mind the balance of costs and advantages
inherent within the definition of BAT. However, they are neither emission nor consumption
limit values and should not be understood as such. In some cases it may be technically possible
to achieve better emission or consumption levels but due to the costs involved or cross media
considerations, they are not considered to be appropriate as BAT for the sector as a whole.
However, such levels may be considered to be judtified in more specific cases where there are
special driving forces.

The emission and consumption levels associated with the use of BAT have to be seen together
with any specified reference conditions (e.g. averaging periods).

The concept of “levels associated with BAT” described above is to be distinguished from the
term “achievable level” used elsewhere in this document. Where a level is described as
“achievable’ usng a particular technique or combination of techniques, this should be
understood to mean that the level may be expected to be achieved over a substantial period of
time in awell maintained and operated ingtdlation or process using those techniques.

Where available, data concerning costs have been given together with the description of the
techniques presented in the previous section. These give a rough indication about the
magnitude of costs involved. However, the actua cost of applying a technique will depend
srongly on the specific Stuation regarding, for example, taxes, fees, and the technica
characteristics of the ingtalation concerned. It is not possible to evaluate such site-specific
factors fully in this document. In the absence of data concerning costs, conclusions on
economic viability of techniques are drawn from observations on existing ingtallations.
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It is intended that the general BAT in this section are a reference point againgt which to judge
the current performance of an existing ingtalation or to judge a proposa for a new installation.
In this way they will assist in the determination of appropriate "BAT-based" conditions for the
ingtalation or in the establishment of genera binding rules under Article 9(8). It is foreseen
that new installations can be designed to perform at or even better than the general BAT levels
presented here. It is dso considered that existing installations could move towards the genera
BAT levels or do better, subject to the technical and economic applicability of the techniquesin
each case.

While the BREFs do not sat legdly binding standards, they are meant to give information for
the guidance of industry, Member States and the public on achievable emisson and
consumption levels when using specified techniques. The appropriate limit values for any
specific case will need to be determined taking into account the objectives of the IPPC Directive
and the local considerations.

Best Available Techniques are influenced by a number of factors in this sub-sector and a
methodology of examining the techniques is needed. The approach that has been used is given
below.

First of all the choice of process depends strongly on the raw materials that are available to
a paticular site. The most significant factors are the composition, the presence of other
included metds, their size digtribution (including the potentia to form dust) and the degree
of contamination by organic materid. There may be primary materials avalable from
single or multiple sources, secondary raw materias of varying quality or a combination of
primary and secondary raw materials.

Secondly the process should be suitable for use with the best gas collection and abatement
systems that are available. The fume collection and abatement processes used will depend
on the characteristics of the main processes, for example some processes avoid ladle
transfers and are therefore easier to seal. Other processes may be able to treat recycled
materials more easily and therefore reduce the wider environmental impact by preventing
disposdl.

Finally, the water and waste issues have been taken into account, in particular the
minimisation of wastes and the potential to reuse residues and water within the process or
by other processes. Energy used by the processes and abatement is also a factor that is
taken into account in the choice of processes.

The choice of BAT in a general sense is therefore complicated and depends on the above
factors. The varying requirements mean that BAT is influenced mainly by the raw materias
available to the ste and the required throughput of the plant, the issues are therefore site
specific. There are advantages for some primary process that are capable of accepting some
secondary materials.

The following points summarise the recommended methodology that has been used in this
work: -

Is the process indudtrially proven and religble?

Are there limitations in the feed material that can be processed? -eg. In primary smelting
some processes are suited for “clean” concentrate and others for complex feed smelting.
The type of feed and other metals contained in it (e.g. Pb, Zn) influences process selection.
Are there production level constraints? - e.g. a proven upper limit or a minimum throughput
required to be economic.

Can latest and efficient collection and abatement techniques be applied to the process?

Can the process and abatement combinations achieve the lowest emission levels? The
associated emissions are reported later.
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Are there other aspects such as safety that are related to processes?

At the time of writing severa process and abatement combinations could be operated to the
highest environmental standards and meet the requirements of BAT. The processes vary in the
throughput that can be achieved and the materials that can be used and so several combinations
are included. All of the processes maximise the reuse of residues and minimise emissions to
water. The economics of the processes vary. Some need to operate a a high throughput to
achieve economic operation, while others are not able to achieve high throughputs.

The collection and abatement techniques used with these processes were discussed in Chapter 2
and under techniques to consider in the determination of BAT in this chapter and when applied
in combination with the metalurgical process will result in a high level of environmenta
protection.

As indicated in the generd preface to this document, this section proposes techniques and
emissions that are considered to be compatible with BAT in genera. The purpose is to provide
generd indications of the emisson and consumption levels that might be considered as an
appropriate benchmark of BAT based performance. This is done by quoting achievable levels
in ranges that are generaly applicable to both new and upgraded plants. Existing ingtalations
may have factors, such as space or height limitations that prevent full adoption of the
techniques.

The level will aso vary with time depending on the condition of the equipment, its maintenance
and the process control of the abatement plant. The operation of the source process will aso
influence performance as there are likely to be variations in temperature, gas volume and even
the characteristics of the material throughout a process or batch. The achievable emissions are
therefore only a basis from which actua plant performance can be judged. Process dynamics
and other site-specific issues need to be taken into account at alocal level. The examples given
in the section on techniques to consider in the determination of BAT give the concentrations
associated with some existing processes [tm 137 Cu Expert Group 1998].

3.4.1 Materials handling and storage

The conclusions drawn for Best Available Techniques for the materials handling and storage
stages are given in section 2.17 of this document and are applicable to the materials in this
chapter. These techniques are:

The use of liquid storage systems that are contained in impervious bunds that have a
capacity capable of containing at least the volume of the largest storage tank within the
bund. Various guidelines exist within each Member State and they should be followed as
appropriate. Storage areas should be designed so that |eaks from the upper portions of tanks
and from ddlivery systems are intercepted and contained in the bund. Tank contents should
be displayed and associated alarms used. The use of planned ddiveries and automatic
control systems to prevent over filling of storage tanks.

Sulphuric acid and other reactive materials should also be stored in double walled tanks or
tanks placed in chemicaly resistant bunds of the same capacity. The use of leak detection
systems and alarms is sensible. If there is arisk of ground water contamination the storage
area should be impermeable and resistant to the material stored.

Délivery points should be contained within the bund to collect spilled of material. Back
venting of displaced gases to the delivery vehicle should be practised to reduce emissions of
VOCs. Use of automatic reseding of delivery connections to prevent spillage should be
considered.
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Incompatible materials (e.g. oxidising and organic materials) should be segregated and inert
gases used for storage tanks or areas if needed.

The use of oil and solid interceptors if necessary for the drainage from open storage aress.
The storage of material that can release oil on concreted areas that have curbs or other
containment devices. The use of effluent treatment methods for chemical species that are
stored.

Transfer conveyors and pipelines placed in safe, open areas above ground so that leaks can
be detected quickly and damage from vehicles and other equipment can be prevented. If
buried pipelines are used their course can be documented and marked and safe excavation
systems adopted.

The use of well designed, robust pressure vessels for gases (including LPG’s) with pressure
monitoring of the tanks and ddivery pipe-work to prevent rupture and leskage. Gas
monitors should be used in confined areas and close to storage tanks.

Where required, sedled delivery, storage and reclamation systems can be used for dusty
materials and silos can be used for day storage. Completely closed buildings can be used
for the storage of dusty materials and may not require specid filter devices.

Sedling agents (such as molasses and PVA) can be used where appropriate and compatible
to reduce the tendency for material to form dust.

Where required enclosed conveyors with well designed, robust extraction and filtration
equipment can be used on delivery points, silos, pneumatic transfer systems and conveyor
transfer points to prevent the emission of dust.

Non-dusty, non-soluble material can be stored on sealed surfaces with drainage and drain
collection.

Swarf, turnings and other oily material should be stored under cover to prevent washing
away by rainwater.

Rationalised transport systems can be used to minimise the generation and transport of dust
within a site. Rainwater that washes dust away should be collected and treated before
discharge.

The use of whed and body washes or other cleaning systems to clean vehicles used to
deliver or handle dusty materid. Loca conditions will influence the method eg. ice
formation. Planned campaigns for road sweeping can be used.

Inventory control and inspection systems can be adopted to prevent spillages and identify
leaks.

Material sampling and assay systems can be incorporated into the materials handling and
storage system to identify raw materia quality and plan the processing method. These
systems should be designed and operated to same high standards as the handling and storage
systems.

Storage areas for reductants such as coal, coke or woodchips need to be surveyed to detect
fires, caused by self-ignition.
The use of good design and construction practices and adequate maintenance.

The summary table for materia handling and storage is reproduced below.
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Raw Material Storage Handling Pre-treatment Comment
Codl or Coke. Covered Bays, Covered
Slos. conveyors if non-
dusty. Pneumatic.
Fudl and other Tanksor drums | Secure pipeline
oils. in bunded areas. | or manua
system.
Huxes. Open on concrete | Enclosed Blending with
or smilar, floors. | conveyorswith concentrates or
If dust forming Enclosed (Silo) if | dust collection. other material.
required Pneumatic.
Concentrates. Enclosed unless | Enclosed with Blending usng
non-dust forming. | dust collection. CONveyors.
Pneumatic. Drying.
Copper Products | Open concrete
— Cathodes, wire- | areaor covered
rod, copper storage.
billets and cakes.
FHne dust. Enclosed. Enclosed with Blending,
dust collection. Agglomeration.
Pneumatic.
Coarse dust (raw | Covered Bays Mechanical De-aling It Ol collection If
materid or loader. necessary necessary
granulated dag)
Lump (raw Open Mechanical OIl collection It
material or dag). loader. necessary
Whole Ttems Open or Covered | Mechanica Oil collection if
Bays loader. necessary
Swart Covered storage | Charge skips Swart drying or Oil collection It
de-alling. necessary
Cable. Open Mechanical De-coding.
loader.
Circuit Boards. Covered Bays Mechanical Grinding + Plastic content
loader. density may provide heat
Separation. input.
Processresidues | Open, covered or | Dependson Appropriate
for recovery. enclosed conditions. drainage system.
depending on
dust formation.
Wastes for Open covered or | Dependson Appropriate
Disposd. (e.g. enclosed baysor | conditions. drainage system.
furnace linings) sedled (drums)
depending on the
material.

Table 3.34: Summary of handling and stor age techniquesfor copper

3.4.2 Process selection

It is not possible to conclude that a single production process can be applied to this group of
metals. The techniques for the following process stages are considered to be BAT for the raw
materials that are available.
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3.4.2.1 Primary copper smelting

Taking these factors into consideration the following combinations, when used with
appropriated collection and abatement techniques, are considered to be BAT for the production
of copper.

The continuous processes from Mitsubishi and Outokumpu/K ennecott are considered to be
BAT for the smelting and converting stage in primary copper production. While at the
moment the Outokumpu/Kennecott system processes primary raw materials only, the
Mitsubishi system also treats copper secondary raw material and scrap but may have a
higher sulphur dioxide emisson from the anode furnace. These processes use seaed
furnaces, do not depend on ladle transfer of molten matte and other materials and are
therefore inherently cleaner. The collection and treatment of fume from granulating stages
and from launders remains a potential source as well as the separate melting of (anode)
scrap, where this is required. These processes have different capital costs, operating costs
and capacities and the final choice depends on local conditions such as the raw materid that
are available and the desired throughput.

Similar environmental performance, using concentrate blends from various sources, can be
achieved using the Outokumpu Flash Smelting Furnace. For smaller throughputs the ISA
Smelt furnace has been proven at the mine site. These furnaces are used in combination
with the Peirce-Smith (or smilar) converter.

The combination of partial roasting in a fluid bed roaster, eectric furnace matte smelting
and Peirce-Smith converter offers advantages for the treatment of complex feed materias
dlowing recovery of other metals contained in the concentrate like zinc and lead.

The use of the Outokumpu Flash Smelting Furnace for direct smelting to blister copper
using specific concentrates with a low iron content or very high grade concentrates (low
dag fal).

To achieve a high environmental standard, the converter stage for the non-continuous processes
i.e. the Peirce-Smith (or similar) converter, needs to be provided with advanced primary and
secondary gas collection systems. The hooding systems should be designed to allow access for
the ladle transfers while maintaining good fume collection. This can be achieved by the use of a
system of intelligent control to target fume emissions automatically as they occur during the
cycle without the high-energy pendty of continuous operation. An example is shown in
techniques to consider in the determination of BAT. The blowing cycle of the converter and the
fume collection system should be controlled automatically to prevent blowing while the
converter is rolled out. Additions of materias through the hood or tuyeres should be used if
possble. This combination provides potentidly greater flexibility, adlows the use of both
primary and secondary raw materials and utilises the heat generated by the converting process
for scrap mdlting.

The Noranda, El Teniente converter and Contop furnaces listed as techniques to consider may
also achieve the same environmental performance as those listed above. They are currently
operated under lower environmental standards but given good gas collection and abatement
systems these processes may offer advantages in energy efficiency, cost, throughput and ease of
retrofitting. The INCO flash furnace may also have advantages but operates with 100% oxygen
resulting in a narrow operating window.

The information available for the Baiyin and the Vanyucov processesis limited. At the moment
it does not allow an evaluation to be made in regard to their potential as BAT [tm 137, Copper
Expert Group 1998].

Gases from the primary smelting and converting processes should be treated to remove dust and
volatile metals, to recover heat or energy and the sulphur dioxide converted to sulphuric acid in
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a double contact sulphuric acid plant designed in accordance with the techniques to consider in
the determination of BAT. Liquid sulphur dioxide production in combination with a contact
plant to convert the residual sulphur dioxide into acid is BAT if a local market exigts for the
meaterial.

Applied Technique Raw Abatement Comments
Materials Techniques
Outokumpu Flash Smelting/ | Concentrate and | Processgas: Acid | The standard smelter concept with a
Peirce-Smith Converter copper scrap plant high level of maturity, flexibility and
Collection and environmental performance in
cleaning combination with adequate abatement

techniques for
fumes; Water
treatment plants

techniques. Capacities proven up to
370000 t/a copper.

Partial Roasting /Electric | Normal and Processgas: Acid | Proven process concept, capacity
Furnace/ Peirce-Smith complex plant practised up to 220000 t/a copper.
Converter concentrates, Collection and For zinc recovery the processis
lower grade cleaning combined with slag fuming.
secondary techniques for
material, copper | fumes; Water
scrap. treatment plants

Mitsubishi Continuous

Concentrate and

Processgas: Acid

To date two plantsin operation and

process. copper scrap. plant two more under construction.
Collection and Capacities proven up to 240000 t/a
cleaning copper.

techniques for
fumes; Water
treatment plants.

Outokumpu - Kennecott

Concentrate.

Process gas: Acid

In this combination only in one plant

Flash Smelting/Flash plant with single feed sourcein operation.,
Converting process. Collection and capacity (flash converter) ~ 300000
cleaning t/y copper. A second plant on similar

techniques for
fumes; Water
treatment plants

basis under construction.

ISA Smelt Furnace/Peirce-

Concentrate and

Process gas: Acid

Two plants in operation. Capacities

Smith Converter. secondary. plant proven up to 230000 t/a copper.
Collection and
cleaning
techniques for
fumes; Water
treatment plants
Noranda and El Teniente | Copper Processgas: Acid | El Teniente widely used in Southern
process /Peirce-Smith concentrate, plant America, mainly for single source
Converter copper scrap Collection and concentrates. Capacities proven up to
(Noranda) cleaning 190000 t/a copper reached.
techniques for
fumes; Water
treatment plants
Contop /Peirce-Smith Copper Processgas: Acid | Only one plant. Potential for complex
Converter Concentrate. plant feed material. Capacity reached:
Collection and 120000 t/a copper.
cleaning
techniques for
fumes; Water
treatment plants
Inco Flash / Pierce Smith | Copper Processgas: Acid | So far in usein plants with mainly
Converter Concentrate plant single source concentrate feed.
Collection and Capacities proven up to 200000 t/a
cleaning copper.

techniques for
fumes; Water
treatment plants

Table3.35: Primary copper smeltersconsidered asBAT
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3.4.2.2 Secondary copper smelting

For the production of copper from secondary raw materias the variation in feed stock and the
control of quality aso has to be taken into account a a local level and this will influence the
combination of furnaces, pre-treatment and the associated collection and abatement systems that
are used. The processes that are considered to be BAT are Blast Furnaces, mini-smelter, TBRC,
Sealed Submerged Arc Electric furnace, ISA Smelt, and the Peirce-Smith converter.

The submerged arc electric furnace is a sealed unit and is therefore inherently cleaner than the
others, provided that the gas extraction system is adequately designed and sized. At the time of
writing the electric furnace is dso used for secondary materia containing sulphur and is
connected during such operation to a sulphuric acid plant. The gas volume produced is reported
to be lower than the other furnaces [tm 92, Cu Expert Group 1998] and the size of the abatement
plant could therefore be smaller.

For high grades of copper scrap without organic contamination, the reverberatory hearth
furnace, the hearth shaft furnace and Contimelt process are considered to be BAT in conjunction
with suitable gas collection and abatement systems.

3.4.2.3 Primary and secondary converting

The converting stage that can be used with these furnacesis any of the techniques that are listed
as techniques to consider. If batch operated converters such as the Peirce-Smith converters (or
similar) are used they should be used with tota enclosure or efficient primary and secondary
fume collection systems.

This can be achieved by the use of a system of intelligent control to target fume emissions
automatically as they occur during the cycle without the high-energy penaty of continuous
operation. An example is shown in figure 3.13. The blowing cycle of the converter and the
fume collection system should be controlled automatically to prevent blowing while the
converter is rolled out. Additions of materials through the hood or tuyeres should be used if
possble.  This combination provides potentially greater flexibility, alows the use of both
primary and secondary raw materials and utilises the heat generated by the matte converting
process for scrap.

The ISA Smelt furnace can be operated batchrwise. Smdlting is carried out in a first stage
followed by conversion of matte to blister or after secondary smelting under reducing
conditions, for oxidisation of iron and diminating zinc or tin in a second Stage is dso
considered as BAT.
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Applied Technique Raw Materials Abatement Comments
Technique
Blast Furnace. Oxidic materid. After-burning, gas | High energy efficiency.
cooling * and Capacity normally 150 -
cleaning** (fabric | 250 t/d.
filter)
Mini Smelter Secondary 1nc. Fe, Gas cooling and [ntegrated with TBRC

(Totally enclosed).

Pb& Sn

cleaning (fabric
filter)

secondary process.

TBRC (Totaly

Secondary (most

Gas cooling and

Converter stage— TBRC

enclosed). grades). cleaning (fabric (Totaly enclosed).
filter) Capacity up to 70 tonnes
/batch.
Seded Submerged Secondary Inc. Sn & | After-burning, gas | Converter stage — Peirce-
Arc Electric Furnace. | Pb (except very low | cooling and Smith (with primary and
grade). cleaning** secondary fume collection).
Capacity upto 25 t/h
melting rate.
[SA Smelt. Secondary (most Gas codling * and Converter stage — Peirce-
(Not proven for grades). cleaning ** Smith or Hoboken (with
lower grade material primary and secondary
under reducing fume collection). Capacity
conditions.) for sulphidic materia
~40000 t/a.
Reverberatory hearth | Secondary (higher After-burning, gas | Used for fire refining and
furnace grades). cooling and smelting higher grades of

Blister copper, black
copper.

cleaning (fabric
filter)**

secondary material.

Hearth shaft furnace. | Secondary (higher After-burning, gas | Used for melting and fire
grades). cooling and refining.
Blister copper, black | cleaning (fabric
copper. filter)**
Contimdlt Secondary (higher After- Used for melting and fire
grades). burning(reduction refining.
Blister copper furnace), WHB and
cleaning (fabric
filter)x*
Peirce-Smith (or Copper dloy scrap, Gas cooling and Ability to fume off other
smilar) Type black copper from cleaning** (fabric | metals. Capacity 15 - 35
Converter. blast furnace. filter). tonnes/batch.
Note. *) If thetemperature level ishigh enough waste heat recovery may be considered; for cleaning in fabric

filters further cooling isrequired.
**) The off-gas may contain sul phur dioxide during certain campaigns and can be treated in a scrubber or an
acid plant at these times.

Table 3.36: Secondary copper smdtersconsidered asBAT
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3.4.2.4 Other processes and processing stages

Applying the methodology outlined above for the other process stages gives the following
conclusion.

The other processes that are considered to BAT are: -

The drying of concentrate etc in directly fired drum and flash dryers, in fluid bed and steam
dryers.

Sag treatment by eectric furnace dag cleaning, dag fuming, crushing/grinding and dag
flotation.

Fire refining in rotary or tilting reverberatory furnaces. Anode casting in pre-formed
moulds or in a continuous caster.

Electrolytic copper refining by optimised conventiona or mechanised permanent cathode
technology.

The hydro-metallurgical processes outlined in 3.1.1.2 are considered to be BAT for oxidic
ores and low grade, complex and precious meta free copper sulphide ores. Techniques are
emerging rapidly.

The processes for the production of wire-rod, semis etc. by the Southwire, Contirod,
Properzi & Secor, Upcast, Dip Forming, continuous casting and similar processes, form the
basis of BAT for the production of these materias provided a high standard of abatement is
achieved.

The processes for the production of ingots, tin etc. that are described as techniques to
congder form the basis of BAT for the production of these materials provided a high
standard of abatement is achieved.

The particular technique used depends on the raw materials and other facilities available on or
near the ingtdlation.

3.4.3 Gas collection and abatement

Best Available Techniques for gas and fume treatment systems are those that use cooling and
heat recovery if practica before cleaning. Fabric filters that use modern high performance
materias in a well-constructed and maintained structure are applicable. They feature bag burst
detection systems and on-line cleaning methods. Gas treatment for the fire refining stage can
include a sulphur dioxide remova stage and/or after-burning if this as considered necessary to
avoid local, regiond or long-range air quality problems.

Fume collection systems follow the best practice out lined in techniques described in earlier in
this chapter and in section 2.7. Fume production from secondary raw materials can be
minimised by the choice of the furnace and abatement systems. Some raw materials are
contaminated with organic material and can be pre-treated before smelting to minimise fume
production.

The fume collection systems used can exploit furnace-sealing systems and can be designed to
maintain a suitable furnace depression that avoids leaks and fugitive emissions. Systems that
maintain furnace sedling or hood deployment should be used. Examples are through hood
additions of materia, additions via tuyeres or lances and the use of robust rotary valves on feed
systems.
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Process Stage.

Component in Off —
gas.

Abatement option.

Raw Materid's Handling

Dust and metdls.

Correct Sorage, handling and
transfer. Dust collection and fabric
filter

Raw materials therma pre-
treatment

Dust and metals.

Organic material* and
carbon monoxide.

Correct pre-tresaiment. Gas collection
and fabric filter

Process operation, after-burning and
correct gas cooling.

Primary Smdlting Dust and metds. Process operation and gas collection,
Sulphur dioxide. gas cleaning followed by gas
cooling/find cleaning and sulphuric
acid plant or sulphur dioxide
recovery (normaly followed by
sulphuric acid plant).
Hg. If high in feed: removal after SO, gas
cleaning.
Secondary Smdlting Dust and metdls. Process operation and gas collection,
cooling and cleaning by fabric filter
Organic materid* and | Process operation, after-burning if
carbon monoxide. necessary and correct gas cooling.
Sulphur dioxide. ** Scrubbing if necessary.
Primary Converting Dust and metdls. Process operation and gas collection,
Sulphur dioxide. gas cleaning followed by sulphuric
acid plant
Secondary Converting Dust and meta vapour | Process operation and gas collection,
or compounds. cooling and cleaning by fabric filter.
Organic materia. * Process operation, after-burning if
carbon monoxide. *** necessary and correct gas cooling.
Sulphur dioxide. ** Scrubbing if necessary.
FireRefining Dust and metals Process operation and gas collection,
cooling and cleaning by fabric filter
Organic materia. * or scrubber. Process operation, after-
carbon monoxide. **** | burning (if necessary during poling)
and correct gas cooling.
Sulphur dioxide** Scrubbing if necessary.
Mdting and Casling Dust and metals Process operation and gas collection,

Organic material. *
carbon monoxide.

cooling and cleaning by fabric filter.
Process operation, after-burning if
necessary and correct gas cooling.

Anode casting and dag Water vapour Wet scrubber or de-misier if
granulation. necessary.
Pyro-metdlurgica dag Dudt and metas Process operation and gas collection,
treatment processes cooling and cleaning by fabric filter.
Carbon monoxide After-burning if necessary.
Sulphur dioxide Treatment for removal

Note. * Organic materialsinclude VOC reported as tota carbon (exc

uding CO) and dioxins, the exact content depends

on the raw materials used. ** Sulphur dioxide may be present if sulphur containing raw materials or fuels are used.
Carbon monoxide may be produced by poor combustion, the presence of organicmaterid or ddiberatdy tominimise
oxygen content. *** For batch process, CO only at start of the blow **** CO only when not after-burning

Table 3.37: Summary of the abatement methods for components in off-gases

Secondary fume collection is expensive and consumes a lot of energy but is needed in the case
of some batch converters and for the ventilation of tap-holes, launders etc. The use of an
intelligent system capable of targeting the fume extraction to the source and duration of any

fume is more energy efficient.
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The table 3.37 summarises the options considered to be BAT for abatement processes for the
components likely to be present in the off-gases. There may be raw materia variations that
influence the range of components or the physical state of some components such as the size
and physica properties of the dust produced, these should be assessed locally.

3.4.3.1 Emissions to air associated with the use of BAT

Emissions to air comprise the captured/abated emissions from the various sources, plus the
fugitive or uncaptured emissions from these sources. Modern, well operated abatement systems
result in efficient removal of pollutants and the information at the time of writing indicates that
the fugitive emissions can be the largest contributor to the total emissionsto air.

a) For primary copper the total emissionsto air are based on the emissions from:
- The material reception, storage, blending and sampling.
- The smdting, converting and fire refining furnaces and anode casting with the
associated metal transfer and hot gas handling and cleaning system.
- Thedag cleaning furnace, dag granulation and dag handling system.
- Thewet gas cooling and cleaning section and the sulphuric acid plant.
- The electrolytic copper refinery.

b) For secondary copper the total emissions to air are based on the emissions from:
- The materid reception, storage, blending and sampling.
- The smdting, converting and fire refining furnaces and anode casting with the
associated meta transfer and hot gas handling and cleaning system.
- The dag handling system.
- Thedectrolytic copper refinery.

c) For copper wire-rod fabrication the total emissionsto air are based on the emissions from:
- The mdting, refining (if applied) and holding furnaces with the associated hot gas
handling and cleaning system.
- The casting machinery, the rod mill and auxiliary equipment.

d) For copper semis fabrication and ingot production the tota emissions to air are based on the
emissions from:
- Thematerial reception and storage.
- The mdting, refining and holding/casting furnaces with the associated hot gas handling
and cleaning system and ladle transfer system.
- The casting machinery, the fabrication units and auxiliary equipment.

Fugitive emissions can be highly significant and should be assessed locally. They can be
predicted from the furnace gas capture efficiency and can be estimated by monitoring (see
section 2.7).

The following tables summarise the captured emissions associated with the use of best available
techniques for collected emissions.
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Pollutant Range Techniquesthat can Comments
associated with | beused to reach
the use of BAT these levels
SO, —rich [>99.7% Double contact Very low levelstor other air-borne
off-gas conversion sulphuric acid plant pollutants will be reached due to
streams factor (Tail gas SO, content | intensive gas treatment prior to the
(> 5%) depends on feed gas | contact plant (wet scrubbing, wet EP
strength). A de-mister | and, if necessary, mercury removal)
may be appropriate for | to ensure H,SO,, product quality
the final removal of
0..

Note. Collected emissionsonly.

Associated emissions are given as daily averages based on continuous monitoring during the operating period. In
cases where continuous monitoring is not practicable the value will be the average over the sampling period.

For the abatement system used, the characteristics of the gasand dust will be taken into account in the design of the
system and the correct operating temperature used. > 99.9% conversionfactor hasbeen achievedinaplant witha
high, constant sulphur dioxide feed, sophisticated gas cleaning and inter-pass cooling.

Table 3.38: Emissions to air from primary smelting and converting associated with the use of BAT
in the copper sector

Lower strength gases may be produced from complex metallurgical processes used to produce
copper, lead and precious metals. Dataisprovided in thelead and precious metal chapters

Pollutant Range associated | Techniquesthat can beused to Comments
with theuse of BAT reach these levels
Acidmists | <50 mg/Nm?® De-mister, Wet scrubber. A de-mister or water

scrubber will alow
the collected acid to
be reused.

VOCor <5-15mg/NnT Containment, condenser, carbon
solventsas C or bio filter.

Note. Collected emissions only.

Associated emissions are given as daily averages based on continuous monitoring during the operating period. In
cases where continuous monitoring is not practicable the value will bethe average over the sampling period.
For the abatement system used, the characteristics of the gasand dust will be taken into account in the design of the
system and the correct operating temperature used.

Table 3.39: Emissions to air from hydrometallurgical and electro-winning processes associated with
theuse of BAT in the copper sector
Thereareno acid mistsfrom Electrorefining processes
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Pollutant Range Techniquesthat can beused Comments
associated with toreach these levels
theuse of BAT
Dust 1-5mg/Nnr Fabric filter. The characteristics of the dust
will vary with the raw
materials and affect the value
achieved. High performance
fabric filters can achieve low
levels of heavy metals. The
concentration of heavy metas
islinked to the concentration
of dust and proportion of the
metals in the dust.

0, <Bb0-200 Alkal semi-dry scrubber and | Potential cross-media effects
mg/Nm?3 fabric filter. Wet akali or from energy use, wastewater

double alkali scrubbersusing | and solid residues together
lime, magnesium hydroxide, with the ability to re-use
sodium hydroxide. scrubber products will
Combinations of sodium or influence the technique used.
aumina/auminium sulphatein

combination with lime to

regenerate the reagent and

form gypsum.

NO, < 100 mg/Nnr Low NO, burner. Higher values are associated
<100 - 300 Oxy-fuel burner. with oxygen enrichment to
mg/Nn? reduce energy use. In these

cases gas volume and mass
emission is reduced.

Totd <5-I5mg/Nnr | Afterburner. Pre-treaiment of secondary

organic <5-50 mg/Nn? | Optimised combustion. material to remove organic

carbon as coatings if necessary.

C

Dioxins <0I-05ng High &ficiency dust remova | Other techniques are available
TEQ/NN? system (i.e. fabric filter), (e.g. adsorption on activated

afterburner followed by carbon: - carbon filter or by

quenching. injection with lime/carbon).
Treatment of a clean de-dusted
gasisrequired to achieve low
levels.

Note. Collected emissionsonly.

Associated emissions are given as daily averages based on continuous monitoring during the operating period. In
cases where continuous monitoring is not practicable the value will be the average over the sampling period.
For the abatement system used, the characteristics of the gas and dust be taken into account in the design of the
system and the correct operating temperature used. For SO, or total carbon removal, the variation in raw gas
concentration during batch processes may affect the performanceof the abatement system. For example converter
"blows" will produce peak raw gas concentrations and consequently the number cycles per day influence the
associated range (given as adaily average), asimilar effect may be seen with other batch processstages. Peak
concentrations in the treated gas may be up to 3 times the reported range. For NO,, the use of highly efficient
processes (e.g. Contimelt) requires a balance to be established | ocally between energy use and achieved value.

Table 3.40: Emissions to air from secondary smelting and converting, primary and secondary fire
refining, electric slag cleaning and melting associated with the use of BAT in the copper sector
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Pollutant Range associated | Techniquesthat can beused to Comments
with theuse of BAT reach these levels
Dust T-5mg/Nnv Fabric filter withTime injection Dust re-circulation
(for SO, collection/filter may be used for fabric
protection). protection/fine particle
capture.
The concentration of
heavy metdsislinked
to the concentration of
dust and proportion of
the metals in the dust.
0O, <500 mg/Nnr Fabric filter with dry Time There are potentidly
injection into a cool gas. significant cross
media effects using
<50 - 200 mg/Nnm? | Alkaline wet scrubber for SO, | wet or semi-dry
collection from hot gases (from | scrubbing systems
dryer gases after dust removal). | with a cool gas.
Dioxins <0I-05ng Fabricfilter withTimeinjection | Treaiment of aclean
TEQ/Nn? for filter protection. de-dusted gas is
required to achieve
low levels.
Note. Collected emissionsonly.

Associated emissions are given as daily averages based on continuous monitoring during the operating period. In
cases where continuous monitoring is not practicable the value will be the average over the sampling period.
For the abatement system used, the characteristics of the gasand dust will be taken into account in the design of the
system and the correct operating temperature used.

Table 3.41: Emissions to air from secondary fume collection systems and drying processes
associated with the use of BAT in the copper sector

The meta content of dust varies widely between processes. In addition, for smilar furnaces
there are significant variations in metal content due to the use of varying raw materials and the
use of the furnaces to separate minor elements for subsequent collection and enrichment for
further processing. It istherefore not accurate to detail specific achievable concentrations for all
metals emitted to air in this document.

The issue is site specific but the following table gives some indication of the effects on the
contents of metals in dust that will be encountered localy.

Component | Concentrate Blast Scrap Matte Electric slag Anode
to matte furnacedust | converter converter cleaning furnace
smelting dust EP dust furnace dust
furnace dust
EP dust

Ph% 01-5 5-40 5-30 2-25 2-15 2-20

Zn% 0.1-10 20—-60 25-70 5-70 25-60 5-40

Sn% 01-1 02-5 1-20 01-4

Cu% 5-30 2-12 2-15 10-25 05-25 15-25

As% 01-4 05-10

Ni% 01-1 01-1 01-1

Table 3.42: Metal content of some dusts from various copper production processes

Some metals have toxic compounds that may be emitted from the processes and so need to be
reduced to meet specific loca, regiona or long-range air quality standards. It is considered that
low concentrations of heavy metas are associated with the use of high performance, modern
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abatement systems such as a membrane fabric filter provided the operating temperature is
correct and the characteristics of the gas and dust are taken into account in the design.

3.4.4 Wastewater

This is a ste-specific issue, existing treatment systems are reported to be to a high standard. Al
wastewater will be treated to remove solids and oils/tars, absorbed acid gases (e.g. sulphur
dioxide, HCI) should be reused if possible or neutrdised if necessary. The sources of the
emissions to water are; -

a) For primary and secondary copper the total emissions to water are based on:
The dag treatment or granulating system.
The dectrolytic copper refinery with the eectrolyte purification circut and anode dime
leaching section.
The wastewater treatment system and run-off water.
The weak sulphuric acid from the SO, gas cooling and cleaning in combination with
wastewater treatment.

b) For copper wire-rod, semis and ingot production the total emissions to water are based on:
The wastewater treatment system.

Examples of wastewater treatment applied in several processes are given in the section on
techniques to consider in the determination of BAT above and for process waters comprise
treatment with hydroxide or sulphide precipitants depending on the metas contained followed
by sedimentation and, if necessary, filtration. The examples show the concentrations associated
with these processes. The performance associated with the correct treatment of wastewater is
shown below.

Main components [mg/l]

Cu Pb As Ni Cd Zn

Process or direct <0.1 <0.05 <0.01 <0.1 <0.05 <0.15
cooling water

Note: The associated emissions to water are based on aqualified random sample or a 24-hour compositesample.
The extent of wastewater treatment depends on the source and the metal s contained in the wastewater.

Table 3.43: Associated concentration range of metalsfrom avariety of copper wastewater streams
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3.4.5 Process residues

The use or recycling of dags, dimes and filter dusts is considered to be part of the processes.
The production processes in this sector have been developed by the industry to maximise the re-
use of the mgority of process residues from the poduction units or to produce residues to
enrich minor edements in a form that enables use in other non-ferrous metal production

jprocesses.

Process Sour ce

Intermediate Product, By-
Product, Residue

End Use

Abatement Systems

Flter Dusts.

Mercury compounds.

Raw Materid for Cu (refurned
to smelter), Pb, Zn and other
metals.

Raw material for Hg.

Spent catalysts and acid. Chemical Industry.
Sulphuric acid dudges Neutralisation dudge for
disposa.
Wesk acid. Decomposition for SO,
recovery, neutralisation
(dudge for disposdl), other
uses e.g. as leaching media
Smelter Sag To dag furnace or other
separation — internal recycle.
Furnace linings Recovered or disposed
Converter Sag To smelter — internd recycle.
Slag Furnace Sag Abrasive, construction
material.
Refining (anode) furnace Sag To smdlter — internd recycle.
Tank House Electrolyte bleed NI sdlts, Cu recovery, acid
recovery or other use.
Médting/smelting Skimmings and &g Raw materia for metal
recovery.
Generd Oils Oil recovery.
Hydro MedTurgy Depleted dectrolyte Ceaching.
Semis Production Acid pickling solutions and Disposa aswaste if Tow In
rinses. non-ferrous metals or sold for
metal recovery.
Rod Production Acid pickling solutions (i Recovery In separate
applied). eectrolytic cdll.

Table 3.44: Potential uses of intermediate products, by-products and residues from the production
of copper

The quantity of residues and by-products obtained is strongly dependent on the raw materialsin
particular the iron content of primary materials, the content of other non-ferrous metals in
primary and secondary materials and the presence of other components such as silica etc. The
emissons to land are therefore very site and materia specific and depend on the factors
discussed earlier. It is therefore not possible to produce a redistic, typical table of quantities
that are associated with the use of BAT without detailing the raw materia specification, this can
only be considered locally. The principles of BAT include waste prevention and minimisation
and the re-use of residues whenever practical. The above table gives an overview of the
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potential use of residues from the processes used to produce copper, the list is not exhaugtive
and in addition some options may not be available due to the absence of suitable facilities.

3.4.6 Costs associated with the techniques

Cost data has been compiled for a variety of process variations and abatement systems. The
cost data is very site specific and depends on a number of factors but the ranges given may
enable some comparisons to be made. The data is provided in an appendix to this note so that
costs for processes and abatement systems over the whole of the non-ferrous metal industry can
be compared.
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3.5 Emerging Technologies

It has been reported [tm 137 Cu Expert Group 1999] that development activity is taking
place in the development and improvement of bath smelting techniques. Bath smelting can
offer low cost installations because of the potentia high reaction rates in modern plant
coupled with sealed or semi-sedled furnaces. Plant reliability needs to be proven in the long
term and data from some of the Chinese and Russian ingtallations using Baiyin or Vanyucov
furnaces should be examined if it becomes available.

Technique Comments
Continuous smdting/converting: Results of commissoning in
Combination Noranda reactor and 1999 to be awaited for
Mitsubishi converter furnace evauation.
Noranda continuous converter Results of commissoning to be
awaited for evaluation.

Table 3.45: Emerging bath smelting technology

ISA Smélt for reduction/oxidation is not industrially proven but is emerging.

The use of hydrometdlurgica processes is also emerging and they are suitable for mixed
oxidic/sulphidic ores that contain low concentrations of precious metas. Iron and sulphide
oxidising bacteria may be used to assist leaching. Some processes are being developed for
concentrates and dust treatment based on leaching for example-leach: solvent extraction:
electro-win (L:SX:EW) processes. [tm 137, Cu Expert Group 1999; tm 56, Kojo 1998].

Developments in other industrial sectors may aso be seen as emerging for copper production
processes. Particular developments are: -

The use of modern fabrics for bag filters mean that more effective and robust fabrics (and
housing design) can allow bag life to extended significantly, improving performance and
reducing costs at the same time.

The capture of fugitive emissions can be achieved in a number of ways. The use of
intelligent damper controls can improve fume capture and reduce fan sizes and hence costs.
Sedled charging cars or skips are used with a reverberatory furnace at a secondary
aluminium smelter and reduces fugitive emissons to ar dgnificantly by containing
emissions during charging.
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4 PROCESSES TO PRODUCE ALUMINIUM FROM PRIMARY
RAW MATERIALS AND SECONDARY RAW MATERIALS

4.1 Applied Processes and Techniques

4.1.1 Primary aluminium
4.1.1.1 Production of alumina

Alumina is produced from bauxite in the well-established Bayer process. This process is
normally carried out close to the mine site but there are sites in Europe where bauxite is
converted to aumina at the same ste as an auminium snelter or a stand aone dumina
refineries.

Bauxite
Raw materials
preparation
CaO
A
<{ Digestion
&
Liquor Steam Liquor
heating Flashing Water
7 hY $
NaOH _| . Sand Sand
IR preparation B washing
- e BT
Impurity [ — | e Fine reﬁ_due > RaQUe N
removal Separation washing
¢ h a—
: Steam .
Impurities Heating [« Cooling
«
Precipitation
A
y Seed
Classification
v
Washing ater Residue
7 disposal
Fue —» Calcination

Figure4.1: Alumina production — Bayer process

The overal process is standard for al sites and uses caustic soda to extract dumina from
bauxite at elevated temperatures and pressures in digesters. Slurry is produced, which contains
dissolved sodium auminate and a mixture of metal oxides called red mud that is removed in
thickeners. The auminate solution is cooled and seeded with aumina to crystalise hydrated
aumina [tm 30, Irish EPA 1996]. The crystals are washed and then calcined in rotary kilns or
fluid bed/fluid flash calciners before use or shipping [tm 77, Al Expert Group 1998; tm 90 Al
Expert Group 1998]. Other metals such as vanadium may be present and can also be recovered
from the liquor.
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AlTthough the basic process is Standard across the industry there are variations in the equipment
used in particular the digesters and calciners. These variations mainly affect the energy used in
the process [tm 77, Al Expert Group 1998]. Thisis shown later.

4.1.1.2 Aluminium production by electrolysis

Aluminium is produced from primary materids by the eectrolytic reduction of auminium
oxide (dumina) dissolved in a molten bath of mainly sodium auminium fluoride (cryolite) a a
temperature of approximately 960 °C [tm 6, HMIP Al 1993; tm 100, NL Al 1998].

The eectrolytic cells comprise a carbon cathode, insulated by refractory bricks insde a
rectangular sted shell, and a carbon anode suspended from an eectrically conductive anode
beam. The cells are connected in series to form an electrica reduction line (potline). A direct
current is passed from a carbon anode through the bath to the cathode and thence, by a busbar,
to the next cel [tm 6, HMIP Al 1993; tm 100, NL Al 1998].

Alumina is added to the cdlls to maintain an dumina content of 2 - 6% in the molten bath,
computer controlled additions are used in modern plant. Fluoride compounds are added to lower
the bath neting point, enabling the cells to be operated at a lower temperature.  Aluminium
fluoride (AIF;), the most common additive, adso neutraises the sodium oxide present as an
impurity in the dumina feed. Most cdls are now operated with the AlF; content d the bath
sgnificantly in excess of the stoichiometric cryolite composition, however, fluoride emissions
increase as the excess AlF; in the bath is increased [tm 6, HMIP Al 1993; tm 77 Al Expert
Group 1998; tm 100, NL Al 1998].

Liquid duminium is deposited at the cathode in the bottom of the cell and oxygen combines
with the carbon anode, to form carbon dioxide. The carbon anodes are therefore continuously
consumed during the process.

Cdl systems vary according to the type of anode and the method sed to feed dumina, as
illustrated in fig 4.2 [tm 6 & 17, HMIP Al 1993; tm 100, NL Al 1998]. There are two main
types of eectrolytic cells, Salerberg and Prebake.

a) Salerberg anodes are made in Situ from a paste of calcined petroleum coke and coal tar pitch,
which is baked by the heat arising from the molten bath. The current is fed into the Salerberg

anode through studs that have to be withdrawn and re-sited higher in the anode as the anode is
consumed. As the anode is consumed, more paste descends through the anode shell, thus
providing a process that does not require changing of anodes. Alumina is added periodicaly to
Salerberg cells through holes made by breaking the crust of dumina and frozen eectrolyte

which covers the molten bath. Automatic point feeding systems are used in upgraded plants,
eiminating the need for regular breaking of the crust. A gas skirt is attached to the lower part of
the anode casing for gas collection. Fumes are collected and combusted in burners to reduce the
emission of tars and PAHs. Pot-room ventilation gases may aso collected and treated.

b) Prebaked anodes are manufactured from a mixture of calcined petroleum coke and coa tar
pitch, which is formed into a block and baked in a separate anode plant. The anode production
plant is often an integrated part of the primary duminium plant and should be included in the
definition of ingdlation for such facilities, the contribution of anode production to the tota
emissions should also be included. Chapter 12, carbon and graphite, covers this process in more
detail. The anodes are suspended in the cells by hanger rods attached to anode beams, which
also serve as the eectrical conductor. The anodes are gradually lowered as they are consumed
and are replaced before the rods are attacked by the molten bath. The remnants of the anodes,
which are known as anode butts, are cleaned of bath materia and recycled through the anode
plant.
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Figure4.2: Primary aluminium electrolytic cells

Prebake cells normally have 12 - 40 individual anodes, which are changed at regular intervals.
In a large pot room, anode changing is a frequent occurrence and involves the remova of the
cedl cover shidds. Although there is usudly little leskage from the cell being maintained
(depending on the rating of the extraction system), the overall extraction rate from other cellsis
reduced. This results in an increase in fugitive emissions if several covers are removed at the
sametime.

Prebake cells can be one of two types depending on how aluminais added.
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Sde-worked prebaked anode cells (SWPB), dumina is fed into the cdlls after the crust is
broken around the circumference. The gas collection hoods over the length of the cells have
to be opened during this operation.

Centre-worked prebaked anode cells (CWPB) are fed with aumina after the crust is broken,
along the centreline or at selected points on the centreline of the cell (point feeder — pf).
These feeding methods can be carried out without opening the gas collection hoods.

The gas collection system extracts the process gases to an abatement system that uses dry
alumina scrubbers to remove and reclam HF and fluorides. The scrubber also removes residua
tars but does not remove sulphur dioxide. The aumina leaving the scrubbers is removed in bag
filters or EPs and is usudly fed directly to the cells. Pot-room ventilation gases may also be
collected and treated in a wet scrubber system.

The cathode is not consumed in the process but the cathodes deteriorate with time. Carbon
blocks absorb electrolyte and after 5 - 8 years have to be replaced due to swelling and cracking
which results in penetration of molten electrolyte and auminium to the cathode conductor bar
and sted shell. Small amounts of cyanides are formed through a reaction between nitrogen and
carbon. The cathode residue is known as spent pot lining, severa disposal and recycling routes
for this material are used [tm 42, Ausmdt 1998; tm 77 Al Expert Group 1998; tm 100, NL Al
1998] and are described later in section 4.2.1.4.

Molten auminium is periodicaly withdrawn from the cells by vacuum siphon into crucibles.

The crucibles are transported to the casting plant and the aluminium emptied into hested
holding furnaces. Alloying additions are made in these furnaces and the temperature is
controlled. Skimmings formed by the oxidation of molten aluminium on the surface of the melt
are skimmed off, sealed containers can be used to minimise further oxidation of the skimmings,
and nitrogen or argon blanketing is adso used [tm 106, Farrell 1998].

Throughout this chapter the term skimmings refers to both skimmings and drosses.

4.1.1.3 Refining

The metal is refined at this stage to remove impurities such as sodium, magnesium, cacium
oxide particles and hydrogen. This refining stage is performed by the injection of a gas into the
molten meta usudly in an in-line reactor. The treatment gas used varies depending on the
impurities, argon a nitrogen is used to remove hydrogen and mixtures of chlorine and argon or
nitrogen is used to remove metalic impurities. Aluminium fluoride is dso used to remove
magnesium. The metd is then filtered before casting.

Alloy adjustments are aso made in the holding furnace by the addition of the required metd (S,
Cu, Mg, Pb, Sn, Zn) or a master aloy of the metd with duminium (Ti, Cr, Fe, Mn, Ni) [tm 116,
Secondary Al Expert Group 1998].

Other additions are also made to refine the grain of the metd, titanium or titanium boride are the
most common.

Skimmings are produced at this stage and are removed from the surface of the molten metal and
are recycled by the secondary aluminium industry.

4.1.1.4 Casting

Slabs, T-bars or billets are cast in vertical direct chill casting machines that use water-cooled
metal moulds and holding table at the bottom part of the moulds. The table is lowered as the
ingot is formed. Other casting methods include the use meta moulds (datic or continuoudy
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moving) and the continuous casting of thin sheets and the continuous casting of wire rod [tm 6,
HMIP Al 1993]. Additiona smal quantities of skimmings are also produced at this stage and
are removed from the surface of the molten metal.

4.1.2 Secondary aluminium
4.1.2.1 Production processes

The main feature of secondary auminium production is the diversity of raw materids
encountered and the variety of furnaces used [tm 116, ALFED 1998]. The type of raw material
and its pre-treatment is therefore used to judge the best type of furnace to be used for a
particular type of scrap with its size, oxide content and degree of contamination among others
[tm 145, Winter 1998]. These factors aso influence the choice of fluxes associated with the
process to maximise the recovery of aluminium [tm 2, HMIP Al 1993; tm 77 & 116, ALFED
1998]. The choice of process technology used will vary from plant to plant. The number of
factors that impact upon the choice of process mean that there is the potential for many viable
strategies which can address similar circumstances.

Rotary or reverberatory furnaces are used for melting a wide range of secondary raw materials,
rotary furnaces can incorporate a tilting mechanism and this is reported to reduce the amount of
flux needed [tm 145, Winter 1998]. Induction furnaces and the Meltower process are used to
melt the cleaner duminium grades. Reverberatory furnaces often include a side well. A
pumping system (mechanica or electromagnetic) is sometimes used to convey molten meta
through the sde well and a charging well to assist melting of small particles. Electromagnetic
pumps have no moving parts and rely on an externa coil to induce the electromagnetic force,
dtirring is induced in the charging well and in the furnace. Other pumps, which have heat
resistant interna parts and metal “spinners’ are also used [tm 145, Winter 1998].

Reverberatory furnaces may also use a doping hearth in the metal feed area where, items
containing large pieces of iron can be placed. Aluminium is melted off the iron substrate, which
remains on the hearth. Contamination of the melt by iron is therefore minimised [tm 77, Al
Expert Group 1998; tm 116, ALFED 1998]. Details of some of the furnaces are given in 2.5.2.

Typica sources of aluminium scrap are process scrap, used beverage cans (UBCs), fails,
extrusions, commercial scraps, turnings, and old rolled or cast metal. In addition to this
auminium is aso recovered from skimmings and sat dags. Various contaminants may be
present and this is taken into account in the choice of pre-treatment or in the design of the
furnace [tm 77, Al Expert Group]. Scrap is sometimes sorted first into aloy types to produce the
desired dloy with the minimum of reprocessing [tm 116, ALFED 1998; tm 121, Hoogovens
1998].

Scraps such as UBCs and turnings are mgjor sources of material feedstock and may be
contaminated. These sometimes require to be de-coated or de-oiled prior to meting to improve
melting rate (and therma efficiency) and to reduce the potentia for emissons [tm 121,
Hoogovens 1998; tm 122, ETSU 1998]. The melting of cleaned materia can save energy and
reduce Skimmings generation. The pre-treatment processes are outlined in table 4.24.
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Figure4.3: Secondary aluminium generic process

A range of different fluxes is used within the secondary industry to assist in the processing of
the meta in a number of ways. An example is the use of fused salt (a mixture of sodium and
potassium chlorides and some fluorides) to prevent oxidation and absorb impurities. Furnace
gases contain chlorides and HCl produced from the sat. Refractory fluxes and fluorinated
fluxes are also used. Salt dag is tapped after the metal. There are variations in the quantity of
salt flux used and this depends on the furnace used and the oxide content of the raw material.
Pre-treatment of the feed material can reduce the salt usage by half (Example 4.06). It has aso
been reported that up to 1.8 kg of salt per kg non-metallic constituents is used for a static rotary
furnace and < 0.5 kg per kg for atilting rotary furnace [tm 145, Winter 1998].

The use of a side-well reverberatory furnace with a charging well and pumping system can
increase the number of grades of scrap, including foil and smdl turnings that can be melted in
these furnaces. It can aso reduce the loss of metal by oxidation without using large quantities
of sdt or other flux [tm 121, Hoogovens 1998; tm 122 & 123 ETSU 1998].

4.1.2.2 Refining and casting processes

Metal may be tapped from the melting furnace where aloy additions are made either directly to
a casting system or via a transfer system into a holding furnace (where other aloying additions
can be made). The metal is then refined either in the holding furnace or in an inline reactor, to
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remove gases and other metas generdly in the same manner as primary auminium.
Magnesium can be present in secondary aluminium and may need to be reduced. Treatment of
molten aduminium with chlorine gas nixtures is used to remove magnesium athough sodium
aluminium fluoride and potassum auminium fluoride are dso used [tm 116, Al Expert Group
1998; tm 34, US EPA 1995]. The latter materia is a by-product of the production of some
master aloys.

Large ingots, billets and dabs are cast in the same way as primary aluminium and a range of
smaller ingots may aso be produced (e.g. for supplying the casting industry) may aso be
produced in a large variety of aloys depending on the fina application. It is dso possible to
trangport molten aluminium by road in speciad thermally insulated containers to end-users.

4.1.2.3 Skimmings and slags

Aluminium is easily oxidised and this is a sgnificant factor in the production processes. The
meting of auminium without a protective flux produces an oxide layer known as skimmings.
This is skimmed from the metal surface before casting.  Skimmings that have been removed
from a furnace contain between 20 - 80% aduminium. Skimmings are sometimes treated as
soon as they are removed from the furnace to reduce emissions and further oxidation of the
metal present. Methods include inert gas cooling, hot pressing to remove molten duminium
and cooling in purpose built coolers.

Cold skimmings are treated by a number processes to recover duminium. For example by
smdting in rotary furnace under a sat flux or by using separation techniques such as milling
and processing to separate oxide from the metal [tm 116, ALFED 1998]. In the latter case the
metal can be re-melted in relevant furnaces and the fine fraction can be further processed e.g.
recycled in the steel industry or in the salt slag recovery process. It has been reported that the
ultimate generation of salt dag and waste is reduced and the use of energy is lower dueto a
lower burden of inert materia in the furnace [ALSA 1999].

Rotary furnaces are used to recover auminium from skimmings and the metalic fraction
produced from the treatment of skimmings. A salt flux is usually used to facilitate this process,
the salt reduces oxidation and promotes the remova of some impurities (e.g. Mg, Ca, Li).
Severad ingtallations exist where salt dag can be recovered using a washing and crystalisation
process. The processes can produce recycled aluminium granules and salt. It is reported [tm
90, Al Experts 1998] that the metal oxide fraction (mainly oxides of auminium, cacium and
magnesium) can be further processed and washed to produce fine aduminium oxide that has
been sold to the cement industry.

4.1.2.4 Salt slag recovery

The large blocks of sat dag are crushed to manageable size and sieved to recover metallic
auminium granules (typically up to 10%). The findy crushed materid is then dissolved in
water so that the chlorides go into solution producing brine, leaving the insoluble auminium
oxide and the finest metdlic particles of auminium, which is not normaly economicaly
recyclable as the metal. Gases are evolved from this stage of the process and mainly contain
ammonia, methane, hydrogen and phosphine. There is dso the potential for magor dust
emissions during the crushing stages. It is possible to use these gases as afud for other parts of
the process [tm 116, ALFED 1998]. The brine is filtered removing the insoluble oxides and the
solution is then sent for evaporation and crystdlisation from which the origind sodium and
potassium chlorides can be recovered. These chlorides are then re-used as flux in the melting
process.

The resdua meta oxides comprise cacium, magnesum and auminium oxides (Up to 65%
Al,O;) and also contains, sulphates, chlorides and nitrates [tm 206, TGl 1999]. In cases where
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the oxide Traction has potentid markets Turther washing 1S necessary to reduce these anions to
manageable levels. The brine solution from the washing can be returned to the dissolution
stage. It has been reported that in some cases it is possible to achieve complete recovery of the
materials present in the salt dag [tm 90, Al Experts 1998].
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4.2 Present Emission and Consumption Levels

4.2.1 Primary aluminium

Besides CO, which is inherently linked to the process, there are potential emissions to air of
dugt, SO,, HF, particulate fluorides, CO, PFCs and PAHs from the pot gas extraction system
and the pot room ventilation system. There are potential emissions to air of dust, metals,
chlorides and combustion products from the holding and treatment furnaces in the cast house
[tm 6, HMIP Al 1993; tm 100, NL Al 1998].

To water/sea there are potential emissions of particulate matter, SO,, fluorides and PAH from
wet scrubbers and storm water run off.

The main sources of waste is spent pot lining materials (SPL).

PAHs emitted to water should be reported as the 6 compounds in the Borneff list and those
emitted to air as B(a)P [tm 29, PARCOM 1997; tm 128, Nordheim 1997].

The production of anodes is covered, aong with the production of graphite, in Chapter 12 of this
document. The use of anode butts from the production of aluminium as part of the raw materia
input to this process contributes fluorides.

INPUT POTENTIAL OUTPUT

Bauxite —» Air emission

_ Alumina production —— Calcining- dust, SO,

Caustic Soda — » CO,, NO,

Lime ¢ Land emission
Extraction— Red Mud

Ener .
o Alumina

Processair emission
Alumina (fluorides, PFC’s SO,
o _ 1 » metal compounds, dust,
AluminiumFluoride ~ ——p» Electrolysis carbon oxides, PAH)

—>

Pot room ventilation
(fluorides, PFC’s SO,
metals. dust. PAH). NO..
Water emission
Scrubbers (fluorides,
PAH’'Ss SO , , metals,
solids)

Land emission -

SPL

Anodesor paste ¢

Electrical Energy Aluminium

. Skimmings
Degassing
Furnace gasses—
Holding Dugt, chloride,
Land emission —
lininas. filters

Figure4.4: Input and output from primary aluminium production

4.2.1.1 Energy and other inputs

The materia and energy inputs to the process are significant. Approximately 2 tonnes of bauxite
are required to produce 1 tonne of aumina, which in turn produces about 0.53 tonnes of
auminium. The carbon anodes are consumed, approximately 0.4 to 0.45 tonnes of carbon is
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used per tonne of auminium produced.  The energy cosis are aso high and could account for
approximately 30% of the production costs.

The production of alumina requires energy for digestion and calcination. The energy use is
influenced mainly by the origin and chemical composition of the bauxite, the type of digesters
used and the type of calciners used. The range of energy used in European plantsis 8.0 to 13.5
GJ per tonne with a mean vaue of 11 GJ per tonne [tm 90, Al Expert Group 1998]. The
quantities of NaOH and CaO used are a so linked to the composition of the bauxite.

Parameter Typical Range kg/t
Alumina
Bauxite 19/0 — 2250
NaOH (50%) 33-160
CaO 3H—-110
Water 1000 — 6000
Energy GJit 8.0-1385

Table4.1: Input Rangesfor alumina production

The reduction of energy demand is mainly influenced by the use of tube digesters, which are
able to operate at higher temperatures using a fused salt heat transfer medium. These plants
have an energy consumption of less than 10 GJ per tonne.

The eectrolysis stage has a high energy use ranging from 53 GJ per tonne for the best operated
CWPB cdls (including anode production) to 61 GJ per tonne for some traditional Salerberg
cdls.

Parameter Pre Bake Sederberg
Alumina— kg/t Al 1900 — 1940 1900 — 1940
Anodes nett — kg/t Al 400 — 440
Anode Paste — kg/t Al 500 — 580
Al'F; - kg/it Al 15-25 15-25
Cathode Life — years 5-8 5-8
Power for Electrolysis— 129-155 145-17.0
kWhikg Al
Rodding Plant Cast Tron — 10-3.0
kg/t Al
Ramming and Callar 0-25
Paste — kg/t Al
Electrical Power Total — 140-165 15.0-18
kWhikg Al *

Note. * Including rectifier loss, pollution control and auxiliary consumption.
Energy datais produced based on the conventions used by the Industry.
Anode production accounts for 5500 M J/t.

Table4.2: Input Rangesfor Electrolysis

The production of auminium from recycled metal uses down to 5% of the energy of primary
production [tm 29, PARCOM 1997].
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Parameter Range
SkKimmings Produced — kg/t Al 10-25
Fuxes - kgt Al 0-15
Gases — kgt Al 0-6.0
Swart etc — kgt Al 0-3
Water — kg/t Al 200 — 12000
Homogenisation energy MJt Al 500 — 1200
Cast House Energy — MJit Al 800 — 1900 *
Note. * Not including re-melting of cold metal.

Table4.3: Cast House Consumption data

4.2.1.2 Emissions to air

There are five distinct sources within the process. -

Gases from cacining and hesating for the production of aluming;
process gases from anode baking;

process gases from electrolytic cells;

pot room ventilation.

degassing and cagting.

The potentia releases from the electrolysis stage are: -

fluorides;

perfluorocarbons (PFCs);

tars and poly-aromatic hydrocarbons (PAHS);
sulphur dioxide (SO,) and other sulphur compounds;
dust;

meta compounds;

oxides of nitrogen (NO,);

carbon monoxide (CO);

carbon dioxide (CO,).

The emission that takes place from the eectrolytic cells and via the pot room ventilation are
related to each other by the efficiency in which the flue gases from the cells are captured [tm 29,
PARCOM 1997; tm 100, NL Al 1998].

4.2.1.2.1 Capture of gases

a) Prebake

CWPB cells are totally enclosed and have a fume extraction system. A typica value for CWPB
cellsfor the efficiency of capturing the flue gases within the process air is 95 to > 99% depending
on the design of the extraction system, the effectiveness of the cell covers and the arrangement of
the extraction and filter systems. The capture efficiency depends on agood rate of extraction, well
designed hoods and good operating practice to ensure that the minimum number of hoods are
open a atime. Open hoods or hoods that are not well sedled allow air ingress into the extraction
system and therefore reduce the efficiency of extraction at the remaining cells.
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SWPB cdlls are usudly partially enclosed and a capture efficiency of about 85 to 95% Is
achieved. Thisis due to the poor hooding arrangements and the reliance on the frozen alumina
layer to contain the gases. Sme SWPB cells are fully hooded but need to be opened more
frequently for alumina additions, anode change and maintenance.

b) Sederberg

For conventional VSS Salerberg electrodes the Situation is similar to SWPB. The crust breaker

and the alumina feeder are mounted on vehicles and the cells are only partly hooded. Thereisa
low degree of automation and consequent problems with controlling accurate alumina feeding to
the bath with this pot system.

During crust breaking and alumina feeding, emissons of air pollutants to the pot room
amosphere increase.  The steel contact bolts (studs) that support the anodes and conducting the
dectricity must be pulled out at regular intervals and replaced in a higher position. During this
operation higher levels of PAHs are emitted. The gas collection skirt surrounding the anode
casing is connected to a smple gas burner leading to a gas exhaust tube, this burner aims to
burn CO and hydrocarbons that are emitted [tm 6, HMIP 1993].

Severa improvements have been made to the conventional Salerberg electrode system. The
objectives were to reduce anode effects and emissions from the pots to alevel comparable with
the total emission from prebaked pots, including anode baking. The main features are: -

Automatic aumina point feeding and control of eectrolysis,

Complete skirt coverage of bath crust;

The use of "Dry Paste” with alower pitch content.

Improved burner for incineration of PAHs and other hydrocarbons in pot exhaust gas,
Complete hood coverage of the anode top, which is connected to a separate gas exhaust and
dry alumina scrubber or dry anode top in combination with stud hole paste and increased
anode height depending on effectiveness.

These improvements result in a significant increase in the capture of gases [tm 29, PARCOM
1997]. The range that is encountered in typica VSS Salerberg Plants is 65 to 95% capture
efficiency depending on the degree of modification [tm 77, Al Expert Group 1998]. HSS
Salerberg Plants have a similar performance to SWPB célls.

The uncontrolled emissions to the pot room from SWPB and Salerberg cells are therefore
significant and these processes often have wet scrubbing systems such as sea water scrubbers to
remove fluoride and PAHSs from cell room ventilation gases. CWPB célls ae inherently more
efficient at capturing process gases but rely on good design, maintenance and operating
procedures. The following table shows the concentration of several components in the cell
gases.

Type of cell Total fluoride Dust Sulphur dioxide
mg/Nm? mg/Nm? mg/Nm?

VSS Salerberg /00 - 1/00 500 - 1800 500 - 2000

Hooded Prebake 75-500 150 - 500 50 - 400

Table4.4: Untreated primary aluminium cell gas concentrations
[tm 29, OSPARCOM 1997]

4.2.1.2.2 Fluorides

Airborne gaseous and solid fluorides are emitted from the pots during eectrolysis. The main
pollutant (50 to 80%) is gaseous hydrogen fluoride (HF), whilst the rest is solid fluorides
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(mainly aluminium fluoride and cryolite). HF is formed by reaction of auminium fluoride and
cryolite with hydrogen, introduced to the pot as fixed water in aluminium oxide, as residua
hydrogen in anodes and as moisture in the air. As modern pots are often operated with a high
stoichiometric excess of AlF; (12 - 13%), the fluoride generation has increased over the years
and fume capture has become more important [tm 100, NL Al 1998].

The tota fluoride emission from the pots varies between 20 and 40 kg F per tonne auminium.
With a capture efficiency of > 98%, and cleaning efficiency of > 99.5 to 99.9% in the dry
scrubbing ingdlations, the stack emission can be 0.02 to 0.2 kg total F per tonne auminium.
Alumina is used as the scrubbing medium. The dumina is normaly collected in a bag filter or
EP, and is then used directly in the electrolysis cells. The fluorides collected in the aumina
form auminium fluoride and sodium fluoride (after reaction with any sodium oxide present in
the dumina) and contribute to the amount of Cryolite in the cell bath. Severa plants that
operate alumina scrubbers produce excess cryolite from the reaction of fluorides with the
sodium content of the dumina and thisis sold as “ excess bath”.

Uncaptured emissions are discharged to the pot room atmosphere and emitted through the
ventilation system. This can represent 0.4 — 0.8 kg per tonne of auminium as caculated by
PARCOM, giving atota fluoride emission in the range 0.4 — 1.0 kg F per tonne auminium [tm
29, PARCOM 1997].

Most of the Salerberg plants operating in Scandinavia use wet scrubbers (using seawater or
caugtic soda) in addition to the dry scrubber to remove sulphur dioxide (SO,) from the exhaust
gases. [tm 29, PARCOM 1997; tm 100, NL Al 1998]. Some plants also use seawater scrubbers
for ventilation air to remove fluorides, sulphur dioxide and dust from the pot-room ventilation
ar.

Fluorides and chlorides are also emitted during the degassing and refining stages.  The quantity
and components of the emission depends on the degassing and refining agents used.

4.2.1.2.3 PFCs

PFCs as tetra-fluoro methane (CF,) and hexa-fluoro ethane (C,F;) are formed during the anode
effects. They are emitted in the ratio CF,:C,F; approximately 10:1. They cannot be removed
from the gas stream with existing technology once they are formed [tm 29, PARCOM 1997].

An anode effect occurs when the alumina content of the electrolyte falls below 1 — 2% and agas
film is formed at the anode. This stops the production of the metal and increases the cell voltage
from4 — 5to 8 — 50 volts. Factors that influence the generation of PFCs are the frequency and
duration of “anode effects’ and the operating current of the cell. The control of cell voltage and
alumina additionsis amgor factor in controlling anode effects [tm 6, HMIP 1993].

The PFC emission of modern plants can be minimised by the use of semi-continuous point
feeding of alumina and improved process control. These CWPB plants can be operated with an
anode effect frequency of < 0.1 to 0.5 per pot per day, resulting in an emission ranging from
0.02 to 0.1 kg PFCs per tonne Al [tm 77, Al Expert Group 1998; tm 100, NL Al 1998]. Many
older plants used anode effects as a control for bath aumina content and consequently PFC
emissions can be much higher. The use of modern control systems and automatic point feeding
of dumina in both Prebake and Salerberg cells minimises the number and duration of anode
effects [tm 29, PARCOM 1997; tm 77, Al Expert Group]. An automated anode effect killing
system can aso be used in conjunction with the control system for example the use of anode
height differential or compressed air.

Emissons of PFCs are a key environmental issue for the aluminium industry and extensive
research is under way to improve the presently incomplete knowledge of the problems and
possible solutions.
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4.2.1.2.4 Tars and PAHs

The emissions of tar and PAH during electrolysis in prebake plants are negligible due to the fact
that the anodes are baked in a separate operation. Very small amounts of tar and PAHs may be
emitted from a limited number of prebake plants using carbon paste for anode pin connection
and for protection collars. Measurements at start up of new cells and from plants using collar
paste indicate emissions are negligible. [tm 100, NL AL 1998].

Installations that include an anode production plant will have a source of tars and PAHSs from
this part of the process. The production of anodes is covered in Chapter 12 of this document but
the emissions from an integrated process are relevant to this chapter. There are examples where
the process gases from an anode plant share the same aumina scrubber and fabric filter as the
eectrolysis process. The results from these plants show no difference in performance of the
abatement plant when anode process gases are included. It can be concluded that the dumina
scrubber is efficient at removing PAHs and tars from an anode plant or from Salerberg cells.
Spent alumina from the scrubbers is used as feed to the cells (but not for covering the bath).
EPs are aso used to remove tar [see Chapter 12]. Wet scrubbers for the ventilation gases will
also remove some PAHSs particularly the particulate fraction.

At Salerberg plants tar and PAHs are emitted during the electrolysis due to the self baking

anode. Emissions occur by evaporation from the carbonisation of the paste. Stud pulling is the
operation giving the most significant emissions. Emissions depend on the anode design, the
paste quality, and the operating practises. Generally the use of dry scrubbers removes tar and
PAHSs effectively from the pot gases [tm 29, PARCOM 1997, tm 77, Al expert group]. The use
of dry anode paste and colder anode tops help to reduce the PAH emissions from the anode.

4.2.1.2.5 Sulphur dioxide and sulphur compounds

The anodes used currently have a sulphur content ranging from 1 to over 3.5%. The sulphur will
react with oxygen resulting in an emission of sulphur dioxide or carbonyl sulphide - COS. Due
to the differences in the sulphur content of the anodes, the emission of sulphur dioxide can
range from about 8 to over 30 kg per tonne Al, based on an anode consumption of 0.4 tonne per
tonne Al (sulphur content ranging from 1 to over 3.5%). For COS it has been reported that ~
10% of sulphur in the anode is formed into COS or 2 kg/t of Al for anodes containing 2.5% S.

The emission of SO, via the pot room ventilation of will range from 0.2 to 0.6 kg per tonne
(concentration: 0.1 to 3 mg/Nn7). The emission via the process air from the cells has a typical
concentration ranging from 50 to 400 mg/Nn? [tm 29, PARCOM 1997; tm 100, NL Al 1998].
Where the process gas is wet scrubbed, the concentration range in the emission to air will
typicaly be 5 - 40 mg/Nn?.

It has been reported that sulphur in the anodes may have a beneficial effect in suppressing the
adverse effects of sodium contained in the anode buitts for recycling [tm 77 Al Expert Group
1998].

4.2.1.2.6 Dust

Alumina and cryolite are the principa dusts emitted during eectrolysis. Alumina used to
remove fluorides from the exhaust gases (so-called secondary dumina) is also emitted if the
dust collection system is not efficient. This secondary alumina will contain some HF adsorbed
on the surface.
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Total dust generation varies and depends on the type of process applied and the type of alumina,
but ranges from 0.6 to 10 kg per tonne Al. Typica dust concentrations for pot room ventilation
are 0.5 to 5 mg/Nnm® whereas the dust concentration in the process air ranges from 150 - 500
mg/Nn? before abatement and from 1 - 20 mg/Nn? after abatement [tm 100, NL Al 1998].

Casting is another source of dust (and metals) and cast-house fume is usudly collected and
treated in a fabric filter. Some studies have been carried on the presence of dioxins in fume
from the casting process as the use of chlorine for degassing and the presence of carbon from
combustion gases may lead to their formation. All measurements from primary smelter cast
houses show levels significantly below 1 glyear.

4.2.1.2.7 Metals

Metds are known to occur in trace concentrations in aumina and auminium fluoride and can
therefore be amitted during eectrolyss. Tellurium is extracted from alumina produced a one
installation and is therefore a potential contaminant. Other, volatile metals are aso present and
can be emitted from the pot room and the cast house. A limited amount of datais available
about the environmental impact but trace metals are not considered to be a significant release
[tm 100, NL Al 1998].

4.2.1.2.8 Oxides of nitrogen

Oxides of nitrogen (NO,) are produced during electrolysis due to the presence of nitrogen in the
anode, which can be oxidised to NO,. The nitrogen content in the anodes generally ranges from
0.2to 0.4%. When the nitrogen is completely converted into NO, the emission may be 0.5 to 2
kg NO, per tonne Al (concentrations of 5 - 20 mg/Nn¥in the stack). The actual amount of NO,
released is il subject of discussion. Control measurements at two prebake plants in Norway
showed an emission level of 0.1 to 0.2 kg NO, per tonne Al [tm 100, NL Al 1998]. The
combustion gases from the burners used in holding and melting furnaces in the cast house will
contain oxides of nitrogen.

4.2.1.2.9 Carbon monoxide

Carbon monoxide (CO) is produced during electrolysis by the back reaction of duminium meta
dissolved in the eectrolyte with the CO, produced at the anode (2 Al + 3 CO, --> ALLO; +3
CO), this lowers the cell efficiency. In a modern smelter the generation of CO before any re-
oxidation to CO, is in the order of 100 to 150 kg per tonne Al. The production of CO aso
increases during an anode effect [tm 6, HMIP Al 1993; tm 100, NL Al 1998].

4.2.1.2.10 Carbon dioxide

Carbon dioxide (CO,) is formed during electrolysis by the reaction of the carbon anode with the
oxygen formed by eectrolysis and by a secondary reaction with air. An efficient prebake plant
consumes about 0.4 tonnes of carbon anodes per tonne aluminium, corresponding to 1.4 to 1.7
tonnes of CO, per tonne aduminium. This emission is however far less than the emission of CO,
by combustion of fossil fuels when used for the generation of the electric power required for
electrolysis [tm 77, Al Expert Group 1998]. Carbon dioxide is aso emitted from burners used
in the holding and melting furnaces.
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4.2.1.2.11 Summary of main air pollutants

A summary of the relevance of the main air pollutants and their emission sources, as discussed
above and based on literature findings, is given in the following table.

Component Flue gases from Pot room Degassing and
electrolysis cells ventilation Holding
Fluorides — gaseous . * (chlorides)
and total F
PFCs YY) °
Tars and PAHs % oo ¥X
SO, (Without ¥ .
scrubbers)* and COS
Carbon dioxide oo
Dust ° ° °

Note. * Wetscrubbersare generally used after dry scrubbing in Scandinaviato remove SO,and are usudly
associated with the use of seawater as the scrubbing medium.
** Tarsand PAHs are relevant to Sederberg processes and pre -bake processesthat have an integrated
€electrode production process. They can also berelevant for the small number of plants using paste for
anode pin connection protection collars.

eee Moresignificant............... * less significant

Table4.5: Significance of potential emissionsfrom primary aluminium

Parameter Pre Bake VS
HF —kg/t Al 015-20 0.Z-35
Tota Huoride -kg/t Al 03-40 05-40
Dust —kg/t Al 06-70 15 -100
0, Kyt Al T0—30 10=30
S0, kgt Al'iT wet 10-35 10-35
scrubbing is used

CF,/C,F; — kgt Al 0.02-10 02-10
Carbon dioxide — t/t Al 14-16 16-19
B(a)P -g/t Al - o—20
Note. * With wet scrubbing for ventilation.

Table4.6: Total air emissionsfrom primary aluminium smelters

The relevance of the uncontrolled emissions by the pot room ventilation is based on 98% fume
capture from the cells. Regular CWPB cells can achieve this efficiency but when a lower
efficiency is achieved, for example in SWPB or Salerberg cells, the relevance of the pot room
ventilation increases [tm 77, Al Expert Group 1998; tm 100, NL Al 1998].

Gases emitted from ventilation air in Primary Smelters have been calculated [tm 29, PARCOM
1997]. The calculation was based on the concentration of the components in the cell gases and
the capture efficiency of the hood and extraction system. This calculation is relevant in
establishing the significance of uncaptured emissions but draws the same conclusion as the
importance of the efficiency of the fume capture system and this factor is deemed to the most
relevant for this work. Most smelters will aso have a regular monitoring of this.
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Parameter Emission kg/tonne of Al
Dust 0.02-0.3
NO, <0I-04
SON 0-3

Table4.7: Primary aluminium cast house - emissionsto air

4.2.1.2.12 Climate gases

The production of primary auminium results in emission of CO, as an inherent product of the
electrolytic process (from carbon based anodes) and from the combustion of fuel to produce
alumina and generation of electricity where thisis based on fossl fuels. In addition to this poly-
fluorinated carbons (PFC's) like CF, and CF; are produced during the anode effect in the
electrolysis cdls. Both gases are powerful climate gases with 100 year Globa Warming
Potentia’s of 6500 and 9200 respectively.

Cdculations for European primary auminium smelters shows that the total quantity of PFC
gases emitted, calculated as CO, equivaent emisson were about 15 million tonnes in 1990.
Improvements in controlling the electrolysis process have significantly reduced the number of
anode effects and the duration of the each anode effect. The PFC emission has therefore been
considerably reduced over the past 10 years and caculations show that the CO, equivaent
emission below 6 million tonnes in year 2000 will be achieved.

Efficiency improvements in dher parts of the process have also contributed to a reduction in
direct CO, emissions, reducing the total emission of climate gases. The specific PFC emissions
from different technologies are given in table 4.5. The improvements and further reductions are
discussed under techniques to consider in the determination of BAT.

Work is gtill progressing at a pilot stage, to develop an inert anode materia so that carbon
dioxide would not be produced during eectrolysis and is reported as an emerging technique.
The eimination of a carbon anode would also prevent the formation of PFCs.

4.2.1.3 Water emissions

The production of primary auminium is inherently a dry process. Discharge of wastewater is
usually limited to cooling water, rainwater run-off from surfaces and roofs and sea water
scrubbers for pot room ventilation gases. The rainwater run-off can be contaminated by open
storage of raw materials and deposited solids. Typical vaues for this contamination are < 0.03
kg/tonne Al for suspended solids and < 0.02 kg/tonne Al for dissolved fluoride. In addition,
considerable amounts of wastewater can be discharged when wet systems are used for ar
pollution control [tm 100, NL Al 1998].

The anode production can account for a production of wastewater consisting of cooling water,
used to cool the green anodes or the flue gases. The cooling process can be performed using
indirect water systems, resulting in a discharge of cooling water. Indirect water systems can
also be used to cool the flue gases, to make them suitable for abatement with regular techniques
(bag filters, eectrostatic precipitators) [tm 100, NL Al 1998].

The production of alumina from bauxite is a process that eliminates water releases by operating
a closed system. Water that is contained in the red mud or used to transport it to the disposal
gite is highly alkaine and is pumped back to the plant and re-used [tm 77, Al Expert Group
1998].
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The electrolysis stage is a dry process and no wastewater is produced directly. Rain water
contamination is prevented by good practice outlined in section 2.9.

Parameter Pre Baked Sederberg
Huoride — kg/t Al 0-3.0 0-5.0
Suspended Solids — kg/t 0-6.0 0-6.0
Al

PAH (Boneff 6) — g/t Al 0-001 8-15

Table4.8: Emissionstowater from the primary aluminium electrolysis plants

4.2.1.4 Process residues and waste

The production of metas is related to the generation of severa by-products, residues and
wastes, which are aso listed in the European Waste Catalogue (Council Decision 94/3/EEC).
The most important process specific residues are listed below.

4.2.1.4.1 Red mud

Red mud produced during the extraction of alumina from bauxite is a significant waste and has
a maor disposd requirement. The mud is generaly akaine from the extraction process and
contains 3 to 12 kg of NaOH per tonne of alumina produced. It therefore requires careful
handling. Current practice is to deposit red mud on or near the site in specialy designed, seded
ponds. Excess water from the pondsis normally returned to the process.

A st containing vanadium may aso be produced during the remova of impurities from the
liquor produced during digestion. This sdt is a mgor source of other metals such as vanadium
and tellurium.

4.2.1.4.2 Spent Pot Lining

With a cathode lifetime of 5 - 8 years, which is common for modern plants, the quantity of
Spent Pot Lining (SPL) generated is 20 - 30 kg/t duminium produced. The SPL is normaly
considered to consist of two distinct fractions, the carbon part and the refractory materia. The
carbon part is the actua cathode from the eectrolysis cell and the remainder is varying types of
insulating material.

The two fractions are often separated when dismantling the cathode. The spent cathode also
contains some bath material, steel bars used to conduct eectricity to the carbon cathode, and
often flakes of aluminium metal from metal penetration into the cathode. These parts are either
reused directly at the plant or in the case of stedl bars sent outside the plant for recycling. The
carbon part is relatively homogeneous, while the refractory part can be composed of a number
of different types of refractory materias or other types of insulation.

The following table gives atypical analysis of SPL [tm 134, EAA 1998].
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Compound Carbon lining | Insulation
Range wt%
AlL,O,4 0-10 10-50
C 40— 75 0-20
Na 8-17 6-14
F 10-20 4-10
CaO 1-0 I- 6
30, 0-6 10-50
Metdlic Al 0-5 0
CN 0.01-05 0- 01
CN, free 0-0.2 0-005
Others

Table4.9: Composition of Spent Pot Lining

The problem congtituents linked to this materid are soluble fluoride and soluble cyanide. In
addition any wetting of this materiad will produce an dkaline leachate and liberate minor
quantities of NH; and PH,;. PAH is not considered to be a problem since the carbon lining has
already been carbonised at temperatures above 1250° C and any ramming paste has been heated
to above 900° C in the eectrolytic cell. The problem constituents mentioned are mainly linked
to the carbon part of the SPL and the refractory parts in immediate contact with this. As can be
seen from the tables, the content of these congtituents is lower in the refractory part.

Spent pot lining can be re-used, treated or disposed of [tm 134, EAA 1998].

Re-use

Re-use in pyrometallurgical furnaces.
Reuse for Cryolite Production.
Re-use in the cement industry.
Re-use asafuel.

Treatment processes

Reynolds Metals rotary kiln process.

Elkem pyro-hydrolysis process (also produces cryalite).
Comalco Comtor process.

Vortec/Ormet process.

AlcoalAusmelt process

Deposit practises

Seashore deposit.
Landfill deposit as hazardous waste.

4.2.1.4.3 Other materials

Skimmings from the holding and treatment processes represent 15 to 20 kg per tonne of
auminium produced. This materia contains 30 to 80% auminium and cooling under an inert
gas blanket prevents oxidation. They are used as a raw materia in the secondary auminium
industry. Spent filters from meta treatment are usualy disposed of. Solid wastes produced by
gas cleaning installations (dust and dudge) can be reused [tm 77 & 90, Al Expert Group 1998].
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Anode butts from some plants are dso disposed it they Tal to meet qudity Sandards. Furnace
linings from the casting process and anode baking process may be recovered or disposed.

Good waste management practice and the use of recovery methods makes it possible to reduce
waste for landfill. See examples.

Sour ce Use/treatment options
Al kimmings Recovery.
Filter dust Re-use in process.
SPL Carburant, fTux and furnace Tinings.
Bricks From anode furnaces, reuse.
Steel Recovery.
Carbon dust (anode Reuse.
plant)

Table4.10: Optionsto reduce wastefor a primary aluminium smelter

Source Quantity
kg per tonne Al
Al SKimmings 15-25
SPL 20— 30
Other Hazardous Waste (=15
Non Hazardous Waste ?-14

Table4.11: Specific waste quantitiesfrom primary aluminium production

Steel from the anode plant is normaly re-melted in an induction furnace and re-cast for use in
the process. The melting of steel that is contaminated with fluorides is a further potential source
of these emissions and appropriate collection and abatement is required.

4.2.2 Secondary aluminium

There are potential emissions to air of dust, metal compounds, chlorides, HCl and products of
poor combustion such as dioxins and other organic compounds from the melting and treatment
furnaces. The formation of dioxins in the combustion zone and in the cooling part of the off-gas
treatment system (de-novo synthesis) may be possible. The emissions can escape the process
either as stack emissions or as fugitive emissions depending on the age of the plant and the used
technology. Stack emissions are normally monitored continuoudy or periodicaly and reported
by on-site staff or off-site consultants to the competent authorities.
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Figure4.5: Input and output from secondary aluminium production
NB smoke and dust can be associated with or ganic compounds such asVOC and dioxins

Ammonia and other gases can be emitted from the improper storage, treatment and transport of
skimmings [tm 33, Mantle 1988]. Dust will aso arise from the handling and treatment of the
skimmings. There are potential releases to water of suspended solids, metals and oils from the
improper product and material storage.

The type and quality of scrap has a mgjor influence on the significance of the releases. Thisis
discussed in detail in the section dealing with techniques to consider.

There are potential sources of emissions from the pre-treatment, melting, degassing and holding
stages.

Pre-treatment processes are covered in section 2.5, the secondary aluminium industry mainly uses
swarf drying and thermal de-coating to pre-treat scrap and millings and other mechanical process
and concentration methods for skimmings and salt dags.

Sat dags arise when mixtures of sodium and potassium chloride are used to cover the molten
metal to prevent oxidation, increase yield and increase therma efficiency. These dags are
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generaly produced in rotary furnaces and can have an environmenta impact if they are deposited
on land. The quantity of salt dag produced varies considerably and is dependent on the type of
materid, the furnace and the degree of contamination of the aluminium etc. There are options
available for sat free melting in some furnaces using many types of feed materias and there are
options for recycling of st dag.

4.2.2.1 Emissions to air

The potential releasesto air are: -

dust and smoke;

metal compounds;

organic materias (VOC, and dioxins) and CO;
oxides of nitrogen (NO,);

sulphur dioxide.

chlorides, HCl and HF.

A significant proportion of the emission of these substances is produced by the fuel used and by
contamination of the feed material. Some dust is produced by fine dusty scrap and by sat fume
[tm 77 & 90, Al Expert Group 1998].

Component Pre Treatment Melting Refining and de-
gassing
HCT, HF and . -
chlorides
Metasand oo oo oo
compounds
Oxides of nitrogen | ¢ oo * (combustion gases)
0, * (with suiteble fud) * (with suitable fud) * (combustion gases)
Organ|c ) )
compounds
(VOC, dioxins)
Dust ) ) )
Note. eee More significant...............e less significant

Table4.12: Significance of potential emissionsto air

In addition there are potential releases of dust and phosphine from the treatment of salt dag that
may need to be considered as a cross-media effect.

4.2.2.1.1 Capture of gases

Chapter 2.7 covers the techniques used. Fume extraction is an important element in secondary
auminium production as dust and smoke can be formed from contaminants on the feed as well

as from the combustion and meting stages [tm 33, Mantle 1988]. The presence of severd

possible emission points on a furnace is aso significant, and the collection of the emissions
from such points needs to be addressed. In addition various systems may be employed to reduce
fugitive emissions during the charging phase of the process. For example docking cars that seal

againgt the charging door can be used to prevent emissions during charging.

The other important factor is the combustion of organic coatings in the pre treatment or melting
furnace and the extraction and abatement systems can al be designed to cope with the treatment
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of these emissions. Fugitive emissions can be significant unless the fume collection systems are
well designed.

4.2.2.1.2 Dust and metals

These are associated together and are produced from the combustion gases or from the scrap or
fluxes used. Some metals, which are present as contaminants, will be fumed off during melting
and will form dusts. The production of smoke due to the presence of organic carbon and the
presence of chloride may lead to the formation of dioxins that will also be associated with the
particles. After burning is used to destroy organic materias that escapes the combustion zone,
injection of trestment materials such as lime, sodium bi-carbonate and carbon is aso practised.
Most ingtdlations then use (high efficiency) bag filters or ceramic filters to remove dust and
emissions can ie in the range 0.6 to 20 mg/Nn?. A spark arrester or cooling chamber often
precedes them to provide filter protection. Energy recovery can be practised, most commonly
re-cuperative burners are used.

Contents Typical value (%) Range (%)
CaO 25 0-30
ALO, 15 6-25
NaCl, KCI 35 20-50
Carbon §] 1-0
Heavy metals ™ - 0.01-10
Al, metd. 3 2-7
PCDD/F 5 nykg 3- 10 ng/kg
Note. * Zn, Pb, Cu, Mn, V, Cr, Ni, Sn, (in traces Co, As, Tl, Be, Sb)

Table4.13: Typical composition of filter dust from secondary aluminium

Although sdt dag processing may not be a process that is included in a permit for auminium
production, the potentiadly significant emission of dust from the crushing stages of an df-site
process is an issue that can be taken into account localy.

4.2.2.1.3 Organic materials (VOC, dioxins) and CO

Poor combustion of fuel or the organic content of the feed material can result in the emission of
organic materials. The provision of effective burner and furnace to controls is used to optimise
combustion. Peak combustion rates from included organic materials needs to be taken into
account if they are fed to the furnace. It isreported that pre-cleaning of scrap removes much of
the organic material and improves the melting rate [tm 122, ETSU 1998]. The use of chlorine
mixtures for de-gassng and magnesium removal and the use of chlorides (st flux) will provide
asource of chlorine for the potential formation of dioxins.

Afterburners are used to destroy organic material produced in the furnace or pre-treatment
stages. Carbon may be added and efficient dust filtration used to remove organic material and
dioxins that are associated with particulate matter.

4.2.2.1.4 Sulphur dioxide and oxides of nitrogen

Both of these compounds are produced as a result of the combustion systems used in the
furnaces. The emissions are generally not significant. Low NO, burners and low sulphur fuels
can be used to minimise emissions. The use of oxy fud burners can reduce the formation of
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therma NO, but there’is a possihility that oxygen enrichment might have the opposite efect due
to higher operating temperatures, higher concentrations are however associated with lower gas
volumes and overal quantities. Reported emissions are in the range 10 to 900 grams of NO, per
tonne of metal depending on the furnace [tm 116, ALFED 1998].

4.2.2.1.5 HF, HCI and Chlorides

Chlorine may be used to treat the molten aluminium before casting to remove hydrogen and
magnesium (de-magging). One possible use of rotary furnaces is for magnesum removal
without any further use of chlorine. If an excess of chlorine is used it could be emitted as
aluminium chloride and this can hydrolyse in contact with air to produce HCl. Some sites use
wet scrubbers and others used dry or semi-dry scrubbing to remove these compounds. Their
formation can be minimised by good control and the use of mixtures of chlorine and inert gases.
The use of sdlt fluxesin a melting furnace can aso result in the emission of very fine fume that
contains metal chlorides. The use of fluorides for de-magging or as a flux can result in the
release of HF and fluorides in small quantities.

4.2.2.1.6 Summary of emissions to air

Emissions Range
Particulaie mg/NnT <5-850
HF mg/Nnv <5
Chilorides mg/Nnr <5
HCI mg/Nnv 3-40
O, mg/Nm° 15-530
NO, mg/Nnr 40 - 420
Dioxins ng/Nnv <0I1-1
VOC's mg/Nnv 10-57
Energy Consumption M J/t 3500 - 5200
swar f

Table4.14: Swarf drying

Emissions Range
Particulaie mg/NnT <I-3
HF mg/Nnv 0I-5
Chilorides mg/Nnv 1-5
HCI mg/Nnv 0I-40
Dioxins ng/Nnv <0I1-1
Energy Consumption M J/t 2000 - 8000

Table4.15: Induction fur nace melting (abated)
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Table4.16: Rotary furnace meting (abated)

Emissions Range
Particulate mg/Nnv 1-30
HF mg/Nm? 0I-5
Chlorides mg/Nnv <I-5
HCI mg/Nnv 0I-40
O, mg/NnT 5-520
NO, mg/Nnv 50- 450
Dioxins ng/Nnv <0I-1
VOCs mg/Nnr 5-90
Energy Consumption MJ/t Al 4000 - 12000

Emissions Range
Particulate mg/Nnv <0I-3%
HF mg/Nnm’ 0I-5
Chlorides mg/Nnm <I-5
HCI mg/Nnr 05-40
O, mg/NnT 05-515
NO, mg/Nnv 15-450
Dioxins ng/Nnv <0I-1
VOC s mg/Nnr 2-55
Energy Consumption MJ/t Al 3300 - 8000

Table4.17: Reverberatory and side-well furnace melting (abated)

Emissions Range
Particulate mg/Nnv <5-30
HF mg/Nnv’ <5
Chlorides mg/Nn I-5
HCI mg/Nnv 30-40
O, mg/NnT 10- 530
NO, mg/Nnv 20- 420
Dioxins ng/Nnv <0I1-1
VOC's mg/Nnv 5-57
Energy Consumption M J/t 2300 - 3800

Table4.18: Soping hearth furnace melting (abated)
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4.2.2.2 \Water emissions

The production of auminium from secondary raw materials is essentialy a dry process.
Discharge of wastewater is usualy limited to cooling water, which is often re-circulated and
rainwater run-off from surfaces and roofs. The rainwater run-off can be contaminated by open
storage of raw materids such as oily scrap and deposited solids. Typicd vaues for this
contamination are < 0.03 kg/tonne Al for suspended solids. In addition, considerable amounts
of wastewater can be discharged when wet systems are used for air pollution control.

4.2.2.3 Process residues and waste

Skimmings from the holding and treatment processes represent 15 to 20 kg per tonne of
aluminium produced. This materia contains asignificant amount of aluminium and the pre-
treatment of the skimmings e.g. by pressing or cooling under an inert gas blanket reduces
oxidation. During storage, Skimmings can react with moisture (from the ar) to produce
ammonia and other gases. Skimmings are used as araw materia in other parts of the secondary
auminium industry and are sometimes pre-treated by milling and air classfication to separate
auminium from auminium oxide.

Spent filters from meta treatment are usually disposed. In some cases when sodium
bicarbonate is used for gas cleaning, solid residues can be recovered with the salt flux [tm 2,
HMIP Al 1993; tm 33, Mantle 1988; tm 145, Winter 1998]. Alternatively filter dust can be
treated thermally to destroy dioxins.

Furnace linings and dust can be recovered in the salt dag treatment processes or disposed.
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Residue Origin Volume Treatment Comments on
treatment
Satdag Mdtingin Up to 500 Recovery viadis- Aim to prevent
rotary drum kg/t Al solution and landfill.
furnace crystallisation
techniques.
Production of
reusable substances if
possible Al-granulate,
mixed sat, AL,O,.
Filter dust Exhaust gas Upto 35 kgt | Disposa with pre- Ban on surface
cleaning Al treatment or disposa in some
underground Site, countries, thermal
(0.1- 10kg/t | Partly reconditioned | treatment possible
Al*) with salt dag or (neutraisation with
Used in the steel NaHCO; or Na,CO,
industry - use with sdt
dag)
FurnaceTining [ Mdiing ~ 2 kgt Al Potential for No surface disposa
furnace reconditioning with in some countries.
skimmings, otherwise | Production of
Leaching + landfill inection moulding
compounds reported
SKImMMings Allfurnaces |~ 25 kgit AT | Smdting in rotary Aim 1o prevent
not using salt, furnace. landfill
Cleaning of 40- 80 kgt | Recovery, pellets used
smelter, Al*) in rotary drum
foundries furnace, dross dust
used in the recovery
of sdt dag
Note. * using Closed Well furnace
** Non metallic products (oxide proportions from Al scrap)

Table4.19: Typical residuesfrom secondary aluminium production

Emissions Range
Particulate mg/NnT 10- 40
* Dust kg/t 300 - 700
Energy Consumption M J/t 300 - 800

Note. * The quantity of dust depends on the metallic content of the

original Skimmings.

Table4.20: Skimmings preparation

Proprietary sdlt flux is a mixture of NaCl, KCI and calcium fluoride. Some fluoride may aso be
added up to 5%. When the used flux is tapped from the furnace ( a this stage called salt dag) it
contains large amounts of auminium oxide, which the flux has separated from the raw
materials. Up to 8 - 10% of the total weight of st dag is metdlic duminium. The auminium,
sodium and potassum chlorides can be recovered for further use using separation and
crystalisation processes. In some plants the oxide portion can be sold after a washing stage or
can be used as cover in landfill sites.

301




Chapter 4

~ [Contents Typical value (%) Range (%)
Al, madlic 8 5-20
Water soluble parts * 37 20-40
Water insoluble parts ** 55 45- /5
PCDD/F 5 ng/kg <10 ng/kg
Note: * Water soluble salts. ** Metal oxides, non-recovered metal and insoluble salts.

Table4.21: Typical composition of salt slag

Emissions Range
Particulaie mg/NnT 15-40
Ammoniamg/ n 30-40
Phosphine mg/ m” 0I-05
Hydrogen sulphide ppm 50- 100
Energy Consumption MJ/t 300 - 800

Table 4.22: Typical collected air emissions from salt slag recycling (excluding boiler exhaust - if
fitted)
Fugitive emissions of dust from the crushing of salt slag can be highly significant
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4.3 Techniques to Consider in the Determination of BAT

This section presents a number of techniques for the prevention or reduction of emissions and
resdues as well as techniques reducing the overall energy consumption. They are al
commerciadly available. Examples are given in order to demonstrate techniques, which illustrate
a high environmental performance. The Techniques that are given as examples depend on
information provided by the industry, European Member States and the vauation of the
European IPPC Bureau. The genera techniques described in Chapter 2 “common processes’
apply to a large extent, to the processes in this sector and influence the manner in which the
main and associated processes are controlled and operated.

Techniques used by other sectors are aso applicable particularly those relating to the removal of
tars and PAHSs.

The techniques to consider on a site by site basis are strongly influenced by the raw materias
that are available to a Ste, the process in place and in particular the type and variability of
secondary raw materials. For example the metals they contain can be crucia to the choice of
process.

The applied processes described above are applied to a wide range of secondary raw materials
of varying quantity and composition and are adso representative of those used worldwide.

Primary processes have developed in recent times and control of the operating conditions and
feeding techniques for cells have improved as have the containment and extraction systems.
The techniques have been developed by the Companiesin this sector to take account of this.

4.3.1 Materials storage, handling and pre-treatment processes

The storage of raw materials depends on the nature of the material described above. The
storage of fine dusts in enclosed buildings, silos or in sealed packaging is used. The storage of
non-dusty, non soluble materid in open stockpiles and large items individudly in the open is
used.

4.3.1.1 Primary raw materials

The raw materids are bauxite, caustic soda, lime, chlorine mixtures, alumina, fluxes, anode
material, secondary material and fuel. Other important materials are products, Skimmings, dags
and process residues. Important aspects are the prevention of leakage of dust and wet material,
the collection and trestment of dust and liquids and the control of the input and operating
parameters of the handling and feeding processes. The issues specific to this group are: -

The potentidly dusty nature of bauxite, dumina and fluxes means that enclosed storage,
handling and treatment systems may be appropriate in these instances. Closed conveyors,
pneumatic transfer systems and storage silos are techniques to be considered.

The dust generated by some milling and separation operations means that collection and
abatement may be applicable for this process.

Fabric or ceramic filters achieve better dust removal efficiencies than EPs.
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Material Storage Handling Pre-treatment Comment
Codl or coke. Covered bays, Covered
Slos. COonveyors.
Pneumatic.
Fud other ails Tanksor drums | Secure pipdine Heated storage Back venting of
and pitch. in bunded areas. | or manud and pipdines displaced gases
system.
Bauxite and Enclosed if dust | Enclosed with
dumina forming. dust collection.
Covered
conveyor.
Chlorine gas or Approved Approved
mixtures pressure vessels | methods
containing
chlorine
Products —3ab, | Open Storage.
billets, sheets and
ingots
Processresidues | Covered or Dependson Sdt dag and
for recovery eg. | enclosed conditions. skimmings kept
skimmings. depending on dry.
dust formation. Appropriate
drainage system.
Wastes for Covered or Dependson Appropriate
disposal. enclosed bays or | conditions. drainage system.
sealed (drums)
depending on the
meaterial.

Table4.23: Primary materials storage, handling and pre-treatment methodsfor aluminium

Skimmings and other metallic residues that are destined for recovery off site should be cooled
preferably under an inert atmosphere and stored in dry conditions or other suitable ways
depending on the materia e.g. size reduction.

4.3.1.2 Secondary raw materials

There are a variety of secondary raw materials and they range from fine dusts to large single
items. The meta content varies for each type of material and so does the content of other
metals and contaminants.

Secondary raw materials that contain oil or contain water-soluble components are stored under
cover. Skimmings can hydrolyse to produce ammonia gas. The techniques used for storage,
handling and pre-treatment will therefore vary according to the material size and the extent of
any contamination. These factors vary from site to site and the techniques discussed in section
2.4 will be applied on a site and materia specific basis. The specific issues that apply to this
group are:

Pre-treatment stages are often used to remove ail or coatings or to separate aluminium from
oxides. The remova of oil and coatings by thermal means for example in a swarf drier isa
technique to consider.
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Other pre-treatment stages may aso include granulation, media separation and magnetic
separation to remove ferrous contamination. These are techniques to consider.

Skimmings treatment by milling and grinding techniques when used with good dust
extraction and abatement is also a technique to consider. The fine dust that is produced may

be treated to recover other metals.

The use of pneumatic or other density separation techniques is a technique to consider.
Fine dusts storage and handling in a manner that prevents the emission of dust is a
technique to consider.

Material Storage Handling Pre-treatment Comment

Fuel other ails Tanks or drums Secure pipeline Heated storage Back venting of
in bunded areas. | or manua and pipdlines displaced gases

system.

FHuxes and salt. Enclosed (Silo) If | Enclosed
dust forming. conveyorswith

dust collection.

Fine dust Enclosed If dust Enclosed with Milling and

(Skimmings) etc. | forming. dust collection. density

separation.

Swart Covered bays It Mechanical Swart dryer. Oil callection I
soluble or loader. Centrifuging necessary
emulsfied oil.

Coarse dust Open or covered | Mechanica Swarf dryer If OiIl callection It
bays loader. necessary. necessary

Lump (raw Open Mechanical OIl collection It

material or dag). loader. necessary

WholeTtems, Open or covered | Mechanical Ol collection If

foils and shesets. bays loader. necessary

Chlorine gas or Approved Approved

mixtures pressure vessels | methods

containing

chlorine

Products— 9ab, | Open Storage. Pre-heating

billets, sheets and

ingots

Process residues | Covered or Depends on Separation by Skiimmingsand

for recovery e.g. | enclosed conditions. milling and/or sat dag need to

skimmings, sdt depending on dissolution. - be kept dry.

dag and linings. dust formation. Potentidly very Appropriate

dusty. drainage system.

Wastes for Covered or Depends on Appropriate

disposd. enclosed baysor | conditions. drainage system.
covered
containers for
transport
depending on the
material.

Table4.24: Secondary materials storage, handling and pre-treatment methods for aluminium
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4.3

.2 The production of alumina from bauxite

The Bayer process is the standard technique to consider. There are several process variations

and

4.3

they should be considered in the determination of BAT. They are: -

Handling, storage and grinding of bauxite, lime and other materials to minimise dust.

Design and operation of digesters to minimise energy use e.g. the use of tube digesters and
thermal heat exchanger oils to alow maximum heat recovery and higher digestion
temperature.

The use of fluidised bed caciners with preheating to use the heat content of the off gases.
The use of fabric filters or EPs to remove calcined alumina and dust.

Disposal of red mud in sealed areas with the reuse of transport and surface water from the
ponds.

.3 Primary aluminium smelting processes

The eectrolyss cells detailed in the section on applied techniques are techniques to be
considered in conjunction with the following features to minimise environmental impact: -

Automatic multiple point feeding of dumina

Computer control of the electrolysis process based on active cell databases and monitoring
of cell operating parameters.

Complete hood coverage of the cell, which is connected to a separate gas exhaust and filter
system. The use of robust cell covers and adequate extraction rates taking account of
fluoride evaporation and carbon burn off.

98 to > 99% fume collection from the cells on a long term basis. If a lower collection
efficiency is achieved the collection and treatment of ventilation gases should be
considered.

Minimisation of the time for changing anodes and other actions that need cell covers to be
removed. Butt cooling in an enclosure. Use of a programmed system for cell operations
and maintenance.

For Salerberg cdlls. - Complete hood coverage of the anode top, which is connected to a
separate gas exhaust and dry alumina scrubber or : - Dry anode top in combination with stud
hole paste and an increase in the anode height (depending on the effectiveness that is
demondtrated). Well-designed and maintained burners for incineration of CO and low
molecular weight PAHs and other hydrocarbons in pot exhaust gas where necessary.
Scrubbing of fluoride and HF from the cell fumes using aumina followed by dust removal
in afabric filter system or a combination of this and a wet scrubber to achieve a minimum
of 99.9% removd of total fluoride. The aumina should be reused in the process.

If sulphur removal is practised using a wet scrubber system, the system should be used with
a system to remove fluoride, HF and tars.

If thereis a combined anode plant, the use of an alumina scrubber and fabric filter system or
carbon coated filters to remove tar fume from the milling, blending and baking stages. Use
of the duminain the electrolysis process.

The use of established efficient cleaning methods in the rodding plant to recover fluorides
and carbon. The collection of fume containing fluoride from the cleaning process and from
the melting of the steel components.

The use of low sulphur carbon for the anodes or anode paste.

The use of rotary gas or flux injection for holding furnaces.
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EXAMPLE 4.01 CONTROL OF CELL OPERATING CONDITIONS

Description: - The bath temperature, voltage and electrical current arethe only parametersfor the
electrolysis process that can directly be measured. Process control within the electrolysis process
is therefore based on the data from this limited nhumber of parameters. The development of

microprocessors has made it possible for modern computersto smulate the el ectrolysis process by
caculating complex models for dynamic kinetics and magnetic fields, based on the limited
information available. This resultsin an improved process control and a more smooth operation of
the electrolysis. Smooth process operation will in genera result in lower emissions of fluorides
and dust.

Main environmental benefits:- Improved process control can aso be applied to reduce the
emissions of PFCs. The anode effects, that cause the PFC emissions, are directly related to low
alumina concentrations. The aumina concentration in the electrolyte can not directly be measured
due to the very aggressive nature of this medium. Anode effects were therefore used as an
additional method to control the aumina concentration. The anode effects occur when the alumina
concentration has decreased below 1% and are therefore capable to identify a specific alumina
concentration. By simulating the eectrolysis, modern computers are capable of caculating and
correcting the alumina concentration. The correction of the aumina concentration in the
electrolyte reduces the number of anode effects. However, anode effects are till required for
periodic adjustment of the simulated alumina concentration. Therefore this improved process
control is often provided with an automated anode effect killing system. This system automaticaly
disturbsthe gaseous layer beneath the anode occurring during the anode effects using compressed
ar.

Operational data: - The emissions of PFCs can be reduced by improved process control. For
example CWPB cells with central point feeding can in genera be operated with an anode effect
frequency of 0.2 to 0.5 anode effects per pot per day, resulting in a PFC emission of 0.05t0 0.1 kg
per tonne aduminium. When modern computers are applied for process control, the number of
anode effects can further be reduced to a frequency less than 0.1 anode effects per pot per day.
This reduces the emissions of PFCs to less than 0.03 kg per tonne aluminium.

Cross media effects: - Improved process control within the eectrolysis process results in a
reduction of the eectricity consumption. The conversion to point feeding is associated with
higher fluoride emissions in the cell gases and will affect the size of the cell gas dry scrubbing
system.

Economics: - Conversion of conventional Salerberg or CWPB plants to point feeder with
process controls ~ 100 to 250 € per tonne annual capacity.

Applicability: - All Salerberg and CWPB plants have computer control but there are
differences in the control technology and operating philosophy. There are opportunities for
optimisation.

Example plants: - Norway, France, Netherlands.

Reference literature: - [tm 100, NI Al 1998]
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EXAMPLE 4.02 USE OF DRY SCRUBBING IN PRIMARY ALUMINIUM

Description: - Dry scrubbing is based on the recovery of fluorides by adsorption on auminaused
as scrubbing agent. The fresh duminaisintroduced to areactor stage together with the processair
from the eectrolysis. Most of the adsorption of the gaseous fluorides (HF) on the aumina takes
place in this reactor stage. The mixture of the process air with the alumina then enters a dust
remova system where the alumina enriched with fluoride is separated from the process air. In
generd, bag filters are used for dust removal. An additional adsorption is achieved in these bag
filters due to thefilter cake that is built up on thefilters. The aluminaremoved from the process air
is used as alumina feeding for the electrolysis (so called "secondary alumina feeding”).

The main purpose of the dry scrubbing system is to remove the fluorides and dust from the
process air. An additional adsorption of SO, on the aluminawill aso occur. This SO, isreturned
to the dectrolysis by the secondary alumina feeding. This SO, captured by the aumina will
therefore be completely released by the electrolysis process when the aluminais heated. Hence,
the emission of SO, is not reduced by the dry scrubbing system.

Main environmental benefits: - The dry scrubbing system with dust removal ensures very high
remova efficiencies, better than 99.9% for tota fluorides. The exact cleaning efficiency depends
on equipment design, aumina properties and plant flexibility and maintenance. The most efficient
dry scrubbing ingtallations, operated with alumina with a high specific surface area as well as
recycling the alumina severa times to the reactor, reach average efficiency rates of > 99.9% for
total fluorides.

Operational data: - A dry scrubbing system is capable of achieving emission levels of:
gaseous fluorides (HF): 0.03to 0.2 kg per tonne duminium
tota fluorides: 0.05 to 0.3 kg per tonne duminium,
dust: 0.2 to 0.5 kg per tonne duminium.

Cross media effects: - Dry scrubbing requires a significant energy consumption of about 350
kWh per tonne auminium. No other cross-media effects have been identified in the literature
available.

Economics. - Investment costs of 5 million€ have been identified to improve the cleaning
efficiency of an existing dry scrubbing system with dust removal. Based on data from anonymous
plants, the investment costs for new dry scrubbing systems with dust remova range from 10
million to 50 million€. Operationa costs of 5 to 15 € per tonne aluminium were identified at the
anonymous plants.

Applicability: - Most ingtalations.
Example plants. - The vast mgority of the primary auminium plants use dry scrubbing with
aumina and supplementary dust remova by bag filters to control their emissions. In some

situations, electrostatic precipitators are used for dust removal.

Reference literature: - [tm 100, NL Al 1998]
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EXAMPLE 4.03 USE OF WET SCRUBBING IN PRIMARY ALUMINIUM

Description: - The emissions caused by the eectrolysis can be abated by wet scrubbing. Wet
scrubbing will in generad be applied as supplementary abatement to the dry scrubbing. The
supplementary wet scrubbing is mainly applied for SO, removal but will aso reduce the emissions
of fluorides and, to a lesser extent, dust. Wet scrubbing can be applied to gases from the
electrolysis cells and to the pot-room ventilation gases.

The wet scrubbing processis based on the principle that the pollutants are absorbed and converted
by the scrubbing medium. Various cleaning agents can be applied as scrubbing medium. Within
the aluminium industry, seawater is often applied as well as individua agpplications of sodium
hydroxide (NaOH) or sodium carbonate (Na,CO,). The SO, is converted into aqueous sul phates
by these mediums. Another possibility is to convert the SO, to gypsum, using lime containing
scrubbing agents such as lime hydrate, limestone or mixtures of calcium- and magnesium
hydroxides.

The scrubbing medium has to be refreshed and the medium used has to be discharged to allow
continuous absorption and conversion.

Main environmental benefits: - Removal of SO, and other acid gases to reduce local, regiona
and long-range impact of these gases.

Operational data: - Removal efficiency for SO, of 80 to over 90% have been identified for wet
scrubbers. SO, emissions can be reduced to concentrations of 25 to 50 mg/Nn and loads of 0.6 to
4 kg SO, per tonne duminium. In addition the supplementary wet scrubbing results in a reduced
emission of fluorides and dust. Emission levels for totd fluorides (gaseous and particulate) of 0.02
to 0.2 kg per tonne duminium have been identified when wet scrubbing is applied as
supplementary abatement. In these situations dust emissions were reduced to 0.1 to 0.3kg per
tonne duminium.

Cross media effects: - All wet scrubbing systems require that the absorbed and converted
pollutants are discharged from the system. Discharges can occur as waste water (sea water),
fluid waste (NaOH and Na,CQO,) or as gypsum.

a) Seawater: The effluent from the sea water scrubbers (20 to 300 m? per tonneauminium) at an
auminium plant is dightly acid and contains fluorides, sulphite/sulphate, suspended matter and
trace contamination (e.g. nickel) and is deficient in oygen. The plants using seawater will
therefore normally have ingtdlations for the removal of particulate matter to comply with national
legidation for the discharge of thiswastewater to the sea. Wastewater trestment normally includes
flocculation and sdimentation. The wastewater treatment results in a dudge that has to be
disposed. The sea waster used in the wet scrubbers can aso be treated with biocides, which will
also be discharged into the sea. Seawater scrubbing requires an additional energy consumption of
about 150 kWh per tonne aluminium.

b) NaOH: The scrubbers operated with NaOH require that aconcentrated effluent (about 1 m? per
tonne aluminium) has to be discharged. The pollutants in this effluent can be compared to the
pollutants in the d scharged seawater but occur in higher concentrations. Nevertheless, the effect
on the aguatic environment will remain.

Economics: - Cost estimates have been identified for supplementary wet scrubbing of the process
air. The cost estimates are presented for scrubbing systems operated with sea water as well as
NaOH.

a) Seawater: the identified investment costs range from 9 to 36 million €. Based on the annual
production capacity, investment costs range from 75 to 250 € per tonne capacity.

The identified total annua costs range from 2.6 to 7.5 million €. Based on the annual production
capacity, total annual costs range from 40 to 70 € per tonne duminium.

b) NaOH: the identified investment costs range from 12 to 40 million €. Based on the annua
production capacity, investment costs range from 100 to 250 € per tonne capacity.
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The identified total annud costs range from 4 to 7 million € Based on the annuad production
capacity, total annua costs range from 100 to 200 € per tonne duminium.

Applicability: - This technique is applicable when sulphur dioxide concentrations in air exceed
Long Range, loca or regional Air Quality standards. Similar scrubbing techniques may also be
gpplied to remove fluorides, sulphur dioxide and PAHs from pot room ventilation ar from some
SWPB and Salerberg plants. The investment and operating costs are different in this case.

Example plants. - Wet scrubbing of the process air from the electrolysis is applied in Europe
only in Scandinavia All plants in Norway and Sweden have wet scrubbing. Some of the
Soderberg plants also have installed pot ventilation air scrubbing. These wet scrubbers are mainly
in operation at seaside duminium plants, using sea water as scrubbing medium. In addition, one
plant in Norway has been identified usng NaOH as scrubbing medium, while in the USA one
plant has been identified operated with Na,CO;.

Reference literature: - [tm 100, NL Al 1998]

4.3.4 Secondary smelting furnaces

Severd of the techniques described in section 2.7 and 2.8 are applicable to fume extraction and
abatement and the process control systems used by these furnaces. These techniques are not
routinely used by al instalations at the time of writing. The furnaces that are described as
available techniques are the techniques to consider in the determination of BAT. The following
features are techniques to consider in the determination of BAT for the furnaces.

Selection of the feed materia to suit the furnace type and abatement and to transfer
unsuitable raw materials to other operators using equipment designed for them so that it is

possibleto:
a) To prevent the use of salt where practical consistent with achieving the maximum

practical yield;
b) To minimise the use of sdlt in other cases;
c) To recover as many by-products as possible e.g. recovery of any sdt dag that is
produced.
The am is to prevent landfill. If landfill is used, a secure, sealed and contained system is
needed [tm 206, TGI 1999].

The use of a seded charging carriage or smilar sealing system if possible.

The use of oxy-fuel burners where energy and environmental benefits are established.

The use of enclosures, hoods and targeted fume extraction systems to collect fugitive
emissions wherever practical.

The remova of oil and organic materials using swarf drying, centrifuging or other de-
coating method before the smelting or melting stage, unless the furnace and abatement
system is specifically designed to accommodate the organic content.

The use of core-less induction furnaces for relatively small quantities of clean metal.

The use of afterburners where necessary to remove organic carbon including dioxins.
Injection of carbon together with lime to reduce acid gases and organic carbon including
dioxins.

The use of heat recovery if practicable.

The use of suitable filtration technology e.g. fabric or ceramic filters.

The use of meta pumping, sedled charging systems and intelligent fume collection control
should be considered for existing processes depending on the furnace type. The following table
gives an overview of the advantages and disadvantages of the secondary smelting and melting
furnaces.
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Furnacetype Variations Principal application Advantages Disadvantages Gas collection Comments
Reverberatory Standard Médlting larger volumes =  Lagemetd capacity (100t). =  Lowertheemd Sami seded = High yidds due to quality
of clean scrapsand = Few redrictions on feed stock efficiency of feedstock
primary feedstock sizes. =  Redricted = Moten mead pumps
» Lowsdtdaguse feedstock types sometimes used
Sdewdl As above, but enables =  Lagemetd capacity. =  Lowerthermad Semi seded = High yields  posshle
efficient recovery of = Wider range of feedstock efficiency depending upon qudity of
some finer feedstocks. possible. feedstock
= Normdly nosdtdag = Moten metd pumps
sometimes used
Soping Separetion of »  Vay €ficient & removing =  Lowerthermd Semi sded = Sometimes incorporated
Hearth auminium from higher high melting point efficiency into other furnace types.
melting point metal contaminants. * Yidd dependant upon
contamination (i.e. leve of contamination.
iron/sted)
Rotary Fixed Axis Recyding awiderange = Nofeedstock restrictions = Rdaivdy high Semi seded * Resultant sdt dagscanbe
of feedstocks = Good thermd efficiency usage of st flux. reprocessed.
=  Effident demagging =  Feedstock size may
= No skimmings produced be restricted
= Large charge volumes
possible(> 65t)
Tilting AsAbove = Asabove, but lower usage of =  Feedstock size may Semi seded = Tends to be used for
sdt flux and lower capacity. be restricted lower scrap grades.
Induction Cordless Méting of cleaner = Highyiedsobtained. = Reativey smal Open, hooded
scraps or primary = Nocombugtion gases load (< 10t)
feedstock =  Nosdt flux required. =  Redricted
»  Hexible usage (batch and feedstock type
continuous processing = Feeddtock Sze may
possible) be restricted
Channd Asabove = Highyiddsobtained. =  Asabove but able Sami seded
= Nocombustion gasss to havelarger
=  Nosdt flux required capacities~20 - 25t)
Shaft furnace Mélting clean ingot and =  Better thermd efficiency =  Redricted Sami seded = Usd in Méeltower
process scrapsin feedstock types. process.
foundries. =  Feedstock Size may
be redtricted

Table4.25: Overview of secondary smelting furnaces
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The following examples show how the use of sdt flux can be virtualy eiminated, reduced in
quantity or ultimately recovered. Each option needs to be considered in line with the process
technology used. Each of these items has its own inherent advantages and disadvantages, such
as redtrictions in feedstock material or metal volumes, which must aso be considered.

EXAMPLE 4.04 USE OF METAL PUMPING SYSTEM

Description: - Reverberatory furnace with side well, charge well and pumped metal system.

TRANSPORT

MULTI CHAMBER FURNACE . ] >
Overall melting capacity: 5t/h (Liquid metal + RSl ingots)
SIDEWELL MAIN HEARTH
5t/h 5t/h
> 1 -1 <
Charging skip (sealed) 2 hot air burners Start-up &
- coated, laminated, oily . . exceptional allay changes
- large pieces k Charging scrap
\ & primary ingots
- non
\ - massive pieces

CHARGING WELL
- diameter 1.5m

- turbulence created by metal
=rapid submersion of input
=minimising melt loss without use of

Normal operation,

- light gauge & small sized
(shreds/bales/punchings)
coated, laminated, oily

INDUCTION METAL PUMP
-max 8t/min

- power 65 kW

-no moving parts

Figure4.6: An example of a pumped metal system

Main environmental benefits. - Potentia dimination of sdt flux. Greater range of raw
materias than smple reverberatory furnace, improved capture of furnace gases.

Operational data: - Improvement in meta yield from 83 to 88%, reduction in energy costs

Cross media effects. - Reduction of amount of waste produced that requires treatment.
Associated reduction in energy usage and emissions from the furnace.

Economics: - Cogt (1997) of 30 tonne furnace and Electro Magnetic Pumping system 11800000
(273 million€), estimated cost savings (energy, improved yield, flux savings and treatment
savings) (1832000 (1.26 million €) per year. Pay back 2.2 years.

Cost of pumping system and charge well ~ (1300000 (456000 €),.

Applicability: - New and upgraded reverberatory furnaces. Cannot be used for batch processes.
Other methods of pumping are aso applicable.

Example plants: - Pumping systems are widely used over Europe.

Reference literature: - [tm 123, ETSU 1998]. [tm 122, McLean 1998]
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EXAMPLE 4.05 MINIMISATION OF SALT FLUX

Description: - Minimisation of salt flux by the use of atilting rotary furnace.

Main environmental benefits: - Reduction in the amount of salt dag produced from 1.8 to <
0.5 kg sdlt per kg non-metal content.

Operational data: - Reduction of sat usage factor from 1 — 1.8 down to < 0.5

Cross media effects: - Reduction of amount of waste produced that requires treatment.
Associated reduction in energy and emissions from treatment process.

Economics: - Not known — cost of furnace less cost savings from purchase and treatment of
sat. 4 plants are operating viably.

Applicability: - New and upgraded furnaces. There are sizerestrictions. Not applicable for all
feedstock.

Example plants: - Plantsin use in USA, Germany and UK

Reference literature: - [tm 145, Winter 1998].

EXAMPLE 4.06 MINIMISATION OF SALT FLUX

Description: - Minimisation of the quantity of waste generated by the pre-treatment of
skimmings. Skimmings are milled and sieved to separate the mainly auminium fraction from
the oxide. The auminium fraction is recovered in arotary furnace but the pre-treatment reduces
the quantity smelted as well as the amount of salt needed.

Main environmental benefits. - Reduction in the amount of waste produced from 118 kg per
100 kg to 66 kg per 100 kg of skimmings recovered.

Operational data: - 100 kg of untreated skimmings uses ~ 72 kg of sdt for smelting and
produces 45 kg of duminium and 118 kg of salt dag residue. Total residue ~ 118 kg.

100 kg of skimmings, after pre-trestment by milling and sieving produces, 70 kg of auminium
grains, 12.5 kg of dust for treatment, 12.5 kg of reusable materid and 5 kg of iron. The 70 kg of
duminium grains uses 32.5 kg of sdt for smelting and produces 45 kg of auminium and ~ 54
kg of sdt dag residue. Total residue ~ 66 kg.

Cross media effects: - Reduction of amount of salt dag used reduces emissions of chloride,
lower reliance on salt dag treatment or disposal. Associated reduction in energy and emissions
from treatment process due to alower furnace burden.

Economics: - Not known — cost of mill and sieve less cost savings from treatment or disposal
charges. Many plants are operating viably.

Applicability: - Most skimmings with high oxide content.
Example plants: - Plantsin use in Spain, Italy, Germany and UK

Referenceliterature: - IDALSA 1999.
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EXAMPLE 4.07 RECOVERY OF SALT SLAG

Description: - Recovery of sat dag to recover aluminium, sdt and oxide portions. Large
blocks of salt dag are crushed to manageable size and auminium granules recovered by sieving
(typicaly up to 10%). The finely crushed materia is then dissolved in water so that the
chlorides go into solution producing brine, leaving the insoluble duminium oxide and the finest
metdlic particles of aluminium, which are not normally economically recoverable as metd.
There are some variations in the processes that are used, some use cold water and then
concentrate the brine for crystallisation and others use hot water.

Gases are evolved from the dissolution stage of the process and mainly contain ammonia,
methane, hydrogen and phosphine. It is possible to use these gases as a fuel for other parts of
the process [tm 116, ALFED 1998]. The brine is filtered removing the insoluble oxides and the
solution is then sent for crystdlisation from which the origina sodium and potassum chlorides
can be recovered and then re-used as flux in the melting furnaces. The oxides contain Ca, Mg
and Al oxides with chloride, fluoride, sulphate and nitrate anions. The washed oxide has been
used in the cement industry. Flue dust arising from the treatment of gases from secondary
furnaces using sodium bicarbonate are reported to be recovered in the salt recovery process in
Audtriaand Spain

Main environmental benefits. - Reduction of land fill, recovery of salt for reuse, possible
production of dumina for use in other industries, recovery of duminium portion [tm 206, TGl
1999.

Operational data: - Not available.

Cross media effects: - Reduction of amount of waste produced that requires disposal. Potential
releases of phosphine to air if after-burning is not used. The crushing operations are potentially
very dusty and observations show that they can have a significant environmental impact due to
fugitive emissions..

Economics: - Not known — cost of process equipment. Several plants are operating viably and
treatment costs are smilar to disposa costs but avoid "future liability".

Applicability: - All processes using sdt flux.
Example plants. - Germany, Spain, France, Italy and UK

Reference literature: - [tm 116, ALFED 1998]; [tm 145, Winter 1998].
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EXAMPLE 4.08 USE OF SEALED CHARGING CARRIAGE

Description: - A charging car or skip is used to transfer scrap into reverberatory furnace. The
system is sized so that the skip seals against the open furnace door during the discharge of scrap
and so maintains furnace sealing during this period.

Main environmental benefits: - Prevention of fugitive emissions during charging of scrap.
Operational data: - Not available but observations confirm the effectiveness of the system.
Cross media effects: - Podtive effect by prevention of fugitive emissions of smoke and fumes.
Economics: - Not available but thought to be low-cost for a suitably sized charging skip.
Applicability: - Potential for some non-rotating furnaces.

Example plants. - The system is operated in Belgium

Reference literature : - [tm 121, Hoogovens 1998].

EXAMPLE 4.09 USE OF TARGETED FUME COLLECTION

Description: - A fume collection system can be designed so that the collection fan capacity can
be directed to sources of fume that change over a charging, melting and tapping cycle.
Targeting of fume collection capacity can be achieved by using automaticaly controlled
dampers that are linked to the furnace controls e.g. door opening, burner state or furnace
inclination. Damper operation can therefore be initiated by charging, melting and tapping
operations and the fume collection effort targeted accordingly.

Main environmental benefits: - Prevention and minimisation of fugitive emissonsto air.

Operational data: - Non available but observations indicate that such systems are very
effective if designed and controlled well.

Cross media effects. - Postive effect. Prevention of fugitive emissions and optimising fan
energy consumption.

Economics:. - Not available. Relatively low cost of control and damper system.
Applicability: - Most ingtalations.
Example plants: - UK, France

Reference literature: - [tm 106, Farrell 1998]
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EXAMPLE 4.10 COLLECTION OF FUME

Description: - Charging and tapping zone fume collection enclosure for a rotary furnace to
alow the use of a single extraction point.

_—

Fume collection
enclosure

| Charging
door

Tapping
hole

Burner
exhaust
Fume collection L l

enclosure —»

Charging
door

Tapping/*_‘ | Burner

hole
Figure4.7: A diagram of an integral fume collection system

In gpplications for the production of other metals, tapping holes on the charging door have been
used and alow a more compact enclosure. Furnace lining wear may mean that door end tapping
holes may not alow al of the metd to be tapped.

Main environmental benefits: - Easier, effective fume collection from a single point.

Operational data: - Non available but observation shows effective fume capture.

Cross media effects. - Positive effect- good collection efficiency with reduced power
consumption.

Economics: - Low cost of modification in use viably in severd installations.
Applicability: - All rotary furnaces.
Example plants. - France, UK

Reference literature: - [tm 106, Farrdl, 1998]
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4.3.5 Refining processes

The use of chlorine mixed with argon or nitrogen as the de-gassing or de-magging reagent
or the use of auminium fluoride, KF or Na;AlF;. The collection and treastment of the
resulting gases to remove acid gases if necessary.

The use of inline flow cells for gas additions to the molten metal if practical.

The use of in-line ceramic metd filters to remove solid particles from the melt.

The refining processes and techniques for are suitable for use with new and existing
installations.

4.3.6 Casting processes

The processes detailed in the section on applied techniques are techniques to be considered in
conjunction with effective fume extraction of launders and casters where needed. The potential
for dioxin formation during the refining processes for primary and secondary production of
aluminium has not been fully investigated. It is recommended that this issue is quantified.

The fume collection processes and techniques for are suitable for use with new and existing
installations.

4.3.7 SKimmings

The processes detailed in the section on applied techniques are techniques to be considered in
conjunction with the following features to minimise environmentd impact: -

Cooling of skimmingsin sealed containers under inert gas.
The prevention of wetting of the skimmings.

The treatment and recovery of skimmings if practical.
Minimisation of materia for landfill.

The storage and treatment techniques are suitable for use with new and existing ingtdlations.

4.3.8 Integrated anode production

The use of the processes outlined in Chapter 12 are the techniques to consider. The use of the
aumina scrubber and fabric filter system from the cell gas treatment could be used for the gases
from anode production. A coke filter may be used for the mixing and forming stages.

4.3.9 Fume/gas collection and abatement

4.3.9.1 Primary aluminium

The techniques discussed earlier in this chapter to sed the cells and maintain collection
efficiency are techniques to be considered for the collection of fume from the cdls involved in
the production of primary aluminium. The use of a dry scrubber followed by a fabric filter to

remove fluorides is a technique to consider. The collection of the ventilation air from the cell

rooms if necessary is also a technique to consider. The use of secondary hoods is adso a
technique to be considered for the charging of casting furnaces.

The use sea water or caustic scrubbers to remove sulphur dioxide may be considered for the
reduction of tota SO, emissions. The cross-media effect on water needs to be considered on a
local basis.
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4.3.9.2 Secondary aluminium

The techniques discussed in section 2.7 and 2.8 of this document to seal furnaces, collect fume,
remove dust, acid gases and dioxins are techniques to be considered for the various process
stages involved in the production of secondary aluminium. The use of secondary hoods is aso a
technique to be considered for the transfer and casting stages.

There are severa site-specific issues that will apply and some of these are discussed earlier in
this chapter. Essentially the process technologies discussed in this chapter, combined with
suitable abatement will meet the demands of stringent environmental protection.

4.3.10 Process control

The principles of process control discussed in section 2.6 are applicable to the production
processes used in this Group. Some of the processes are capable of improvement by the
adoption of many of these techniques. The monitoring of cell operating conditions and the use
of comparative data bases to anticipate process disturbances such as anode effects and to control
point additions of aumina should be considered for al processes.

4.3.11 Wastewater

This is a dte-specific issue, existing treatment systems are reported to be to a high standard. Al
wastewater should be treated to remove solids and oils'tars, absorbed acid gases (e.g. sulphur
dioxide, HCl) should be neutralised if necessary. The techniques listed in section 2.9 are the
techniques to consider. In a number of ingtalations cooling water and treated wastewater
including rainwater is reused or recycled within the processes.

4.3.12 Process residues

The principles of the minimisation and re-used of process residues are techniques to consider.

4.3.12.1 Primary aluminium

Skimmings can be recycled and pot lining can be re-used.
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EXAMPLE 4.11 USES OF SPENT POT LINING

Description: - The use of SPL carbon content in thermal processes.

Main environmental benefits: - Use of energy content of the carbon, use of residua AlF; asa
flux. Destruction of any CN content.

Operational data: - Details not available but there have been successful applications in cement
firing, as a carburant in steel production and as a coke substitute in rock wool production.

Cross media effects: - Positive effects. Use of the energy value of SPL. Elimination of waste
deposited on land. Avoidance of energy input and associated releases if the SPL is treated
thermaly.

Economics: - No nett income but avoidance of treatment or disposal charges.
Applicability: - All SPL provided that Waste Transfer regulations allow it.
Example plants: - France, Norway

Reference literature — [tm 106, Farrell 1998]:

4.3.12.2 Secondary aluminium

Furnace linings and filter dusts can be reused in certain processes, the use of sodium bi-
carbonate as a dry scrubbing medium can alow the resulting filter dust to be sent to a salt dag
recovery system. Salt dag recovery techniques are available to recover salt, duminium and
auminium oxide. Skimmings can be reused in appropriate processes. Examples are given
earlier in this chapter.
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4.4 Best Available Techniques

In understanding this section and its contents, the attention of the reader is drawn back to the
preface of this document and in particular the fifth section of the preface: “How to understand
and use this document”. The techniques and associated emission and/or consumption levels, or
ranges of levels, presented in this section have been assessed through an iterative process
involving the following steps.

identification of the key environmental issues for the sector; which for the production of
auminium are fluorides (incl. HF), dugt, SO,, COS, PAH, VOCs, fume, green-house gases
(PFCs and CO,), dioxins (secondary), chlorides and HCl and residues such as bauxite
residue, SPL, filter dust and sat dag;

examination of the techniques most relevant to address those key issues,

identification of the best environmental performance levels, on the basis of the available
data in the European Union and world-wide;

examination of the conditions under which these performance levels were achieved; such as
costs, cross-media effects, main driving forces involved in implementation of this
techniques,

selection of the best available techniques (BAT) and the associated emission and/or
consumption levels for this sector in a general sense al according to Article 2(11) and
Annex IV of the Directive.

Expert judgement by the European IPPC Bureau and the relevant Technica Working Group
(TWG) has played a key role in each of these steps and in the way in which the information is
presented here.

On the basis of this assessment, techniques, and as far as possible emission and consumption
levels associated with the use of BAT, are presented in this section that are considered to be
appropriate to the sector as a whole and in many cases reflect current performance of some
ingtalations within the sector. Where emission or consumption levels “associated with best
avallable techniques’ are presented, this is to be understood as meaning that those levels
represent the environmental performance that could be anticipated as a result of the application,
in this sector, of the techniques described, bearing in mind the balance of costs and advantages
inherent within the definition of BAT. However, they are neither emission nor consumption
limit values and should not be understood as such. In some cases it may be technicaly possible
to achieve better emission or consumption levels but due to the costs involved or cross media
consderations, they are not considered to be appropriate as BAT for the sector as a whole.
However, such levels may be considered to be justified in more specific cases where there are
special driving forces.

The emission and consumption levels associated with the use of BAT have to be seen together
with any specified reference conditions (e.g. averaging periods).

The concept of “levels associated with BAT” described above is to be distinguished from the
term “achievable level” used elsewhere in this document. Where a level is described as
“achievable’ usng a particular technique or combination of techniques, this should be
understood to mean that the level may be expected to be achieved over a substantial period of
time in awell maintained and operated ingtallation or process using those techniques.

Where available, data concerning costs have been given together with the description of the
techniques presented in the previous chapter. These give a rough indication about the
magnitude of costs involved. However, he actual cost of applying a technique will depend
strongly on the specific stuation regarding, for example, taxes, fees, and the technica
characteristics of the ingtalation concerned. It is not possible to evaluate such site-specific
factors fully in this document. In the absence of data concerning costs, conclusions on
economic viability of techniques are drawn from observations on existing installations.
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It is intended that the general BAT in this section are a reference point against which to judge
the current performance of an existing ingtalation or to judge a proposa for a new installation.
In this way they will assist in the determination of appropriate "BAT-based" conditions for the
ingdlation or in the establishment of genera binding rues under Article 9(8). It is foreseen
that new ingtallations can be designed to perform at or even better than the general BAT levels
presented here. It is dso considered that existing installations could move towards the genera
BAT levels or do better, subject to the technical and economic applicability of the techniques in
each case.

While the BREFs do not set legdly binding standards, they are meant to give information for
the guidance of industry, Member States and the public on achievable emisson and
consumption levels when using specified techniques. The appropriate limit values for any
specific case will need to be determined taking into account the objectives of the IPPC Directive
and the local considerations.

The Best Available Techniques are influenced by a number of factors and methodology of
examining the techniques is needed. The approach that has been used is given below.

First of al the choice of secondary process depends strongly on the raw materials that are
available to a particular site. The most significant factors are their composition, the presence of
other included metas, their size distribution (including the potentiad to form dust) and the
degree of contamination by organic material.

Secondly, the process should be sutable for use with the best gas collection and abatement
systems that are available. The fume collection and abatement processes used will depend on
the characteristics of the main processes, for example some processes are easier to seal. Other
processes may be able to treat low-grade materials more easily and therefore reduce the wider
environmenta impact by preventing disposal.

Findly, the water and waste issues have been taken into account, in particular the minimisation
of wastes and the potential to reuse residues and water within the process or by other processes.
Energy used by the processes is dso a factor that is taken into account in the choice of
processes.

The choice of BAT in a genera sense is therefore complicated and depends on the @ove
factors. The varying requirements mean that BAT is influenced mainly by the raw materials
available to the site and the required throughput of the plant, the issues are therefore dite
specific.

The following points summarise the recommended methodology that has been used in this
work: -

Is the process industrialy proven and reliable?

Are there limitations in the feed material that can be processed?

The type of feed and other materias contained in it influences process selection.

Are there production level congtraints? - e.g. a proven upper limit or a minimum throughput
required to be economic.

Can latest and efficient collection and abatement techniques be applied to the process?

Can the process and abatement combinations achieve the lowest emission levels? The
achievable emissions are reported later.

Are there other aspects such as safety that are related to processes?

At the time of writing severa process and abatement combinations are able to operate to the
highest environmental standards and meet the requirements of BAT. The processes vary in the
throughput that can be achieved and the materials that can be used and so several combinations
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are included. All of the processes maximise the reuse of residues and minimise emissions to
water. The economics of the processes vary. Some need to operate at a high throughput to
achieve economic operation, while others are not able to achieve high throughputs.

The collection and abatement techniques used with these processes were discussed under
techniques to consider in the determination of BAT and when applied in combination with the
metallurgical process will result in ahigh level of environmental protection.

As indicated in the genera preface to this document, this section proposes techniques and
emissions that are considered to be compatible with BAT in general. The purpose is to provide
genera indications of the emission and consumption levels that might be consdered as an
appropriate benchmark of BAT based performance. This is done by quoting achievable levels
in ranges that are generaly applicable to both new and upgraded plants. Existing installations
may have factors, such as space or height limitations that prevent full adoption of the
techniques.

The level will aso vary with time depending on the condition of the equipment, its maintenance
and the process control of the abatement plant. The operation of the source process will aso
influence performance as there are likely to be variations in temperature, gas volume and even
the characteristics of the materia throughout a process or batch. The achievable emissions are
therefore only a basis from which actual plant performance can be judged. Process dynamics
and other site specific issues need to be taken into account at a local level. The examples given
in the section on techniques to consider in the determination of BAT give the concentrations
associated with some existing processes.

4.4.1 Materials handling and storage

The conclusions drawn for Best Available Techniques for the materias handling and storage
stages are given in section 2.17 of this document and are applicable to the materids in this
chapter. These techniques are:

The use of liquid storage systems that are contained in impervious bunds that have a
capacity capable of containing at least the volume of the largest storage tank within the
bund. Various guidelines exist within each Member State and they should be followed as
appropriate. Storage areas should be designed so that |eaks from the upper portions of tanks
and from ddlivery systems are intercepted and contained in the bund. Tank contents should
be displayed and associated alarms used. The use of planned deliveries and automatic
control systems to prevent over filling of storage tanks.

Sulphuric acid and other reactive materias should aso be stored in double walled tanks or
tanks placed in chemically resistant bunds of the same capacity. The use of leak detection
systems and darms is sensible. If there is arisk of ground water contamination the storage
area should be impermeable and resistant to the material stored.

Delivery points should be contained within the bund to collect spilled of materid. Back
venting of displaced gases to the delivery vehicle should be practised to reduce emissions of
VOCs. Use of automatic reseding of delivery connections to prevent spillage should be
considered.

Incompatible materials (e.g. oxidising and organic materias) should be segregated and inert
gases used for storage tanks or areas if needed.

The use d oil and solid interceptors if necessary for the drainage from open storage aress.
The storage of material that can release oil on concreted areas that have curbs or other
containment devices. The use of effluent treatment methods for chemical species that are
stored.
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Transfer conveyors and pipelines placed in safe, open areas above ground so that leaks can
be detected quickly and damage from vehicles and other equipment can be prevented. If
buried pipelines are used their course can be documented and marked and safe excavation
systems adopted.

The use of well designed, robust pressure vessels for gases (including LPG's) with pressure
monitoring of the tanks and ddivery pipe-work to prevent rupture and leskage. Gas
monitors should be used in confined areas and close to storage tanks.

Where required, sedled delivery, storage and reclamation systems can be used for dusty
materials and silos can be used for day storage. Completely closed buildings can be used
for the storage of dusty materials and may not require specia filter devices.

Sedling agents (such as molasses and PVA) can be used where appropriate and compatible
to reduce the tendency for materia to form dust.

Where required enclosed conveyors with well designed, robust extraction and filtration
equipment can be used on delivery points, silos, pneumatic transfer systems and conveyor
transfer points to prevent the emission of dust.

Non-dusty, non-soluble material can be stored on sealed surfaces with drainage and drain
collection.

Swarf, turnings and other material containing soluble or emulsified oil should be stored
under cover to prevent washing away by rainwater.

Rationalised transport systems can be used to minimise the generation and transport of dust
within a site. Rainwater that washes dust away should be collected and treated before
discharge.

The use of whed and body washes or other cleaning systems to clean vehicles used to
deliver or handle dusty materiad. Loca conditions will influence the method eg. ice
formation. Planned campaigns for road sweeping can be used.

Inventory control and inspection systems can be adopted to prevent spillages and identify
leaks.

Materia sampling and assay systems can be incorporated into the materials handling and
storage system to identify raw materia quality and plan the processng method. These
systems should be designed and operated to same high standards as the handling and storage
systems.

Storage areas for reductants such as coal, coke or woodchips need to be surveyed to detect
fires, caused by self-ignition.

The use of good design and construction practices and adequate maintenance.

The summary table for material handling and storage is reproduced below.
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Material Storage Handling Pre-treatment Comment
Fud and other Tanksor drums | Secure pipdine Heated storage Back venting of
oils in bunded areas. | or manua and pipelines displaced gases

system.

Fluxes and sdt. Enclosed (STo) If | Enclosed
dust forming. conveyorswith

dust collection.
Fine dust Enclosed if dust | Enclosed with Milling and
(Skimmings) etc. | forming. dust collection. density
Separation.

Swarf Covered bays It Mechanical Swart dryer. OiIl callection It
soluble or loader. Centrifuging necessary
emulsfied oil.

Coarse dust Open or covered | Mechanical Swarf dryer if Ol collection if
bays loader. necessary. necessary

Lump (raw Open Mechanical Ol collection It

material or dag). loader. necessary

Whole items, Open or covered | Mechanical Ol collection it

foils and sheets. bays loader. necessary

Chlorine gas or Approved Approved

mixtures pressure vessels | methods

containing

chlorine

Products — Sab, Open storage. Pre-heating

billets, sheets and

ingots

Processresidues | Covered or Depends on Separation by SkKimmingsand

for recovery e.g. | enclosed conditions. milling and/or salt dag need to

skimmings, sdt depending on dissolution. - be kept dry.

dag and linings. dust formation. Potentidly very Appropriate

dusty. drainage system.

Wastes for Covered or Depends on Appropriate

disposd. enclosed baysor | conditions. drainage system.
covered
containers for
transport
depending on the
meaterial.

Table4.26: Summary of handling and stor age techniques for aluminium

4.4.2 Process selection

It is only possible to conclude a process based Best Available Technique for the smelting stage
of primary auminium. The other techniques including those for secondary auminium that are
considered to be BAT are listed.

4.4.2.1 Primary aluminium smelting

Taking these factors into consideration the use of centre worked prebaked cells with automatic
multiple point feeding of alumina is consdered to be BAT for the production of primary

auminium. The process will have the following festures: -
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4.4,

For
has

Computer control of the electrolysis process based on active cell databases and monitoring
of cell operating parameters to minimise the energy consumption and reduce the number
and duration of anode effects.

Complete hood coverage of the cells, which is connected to a gas exhaust and filter. The
use of robust cell covers and adequate extraction rates. Sealed anode butt cooling system.

Better than 99% fume collection from cells on along term basis. Minimisation of the time
taken for opening covers and changing anodes. Use of a programmed system for cell
operations and maintenance.

The use of established efficient cleaning methods in the rodding plant to recover fluorides
and carbon. The use of effective extraction and filtration systemsin this area.

If local, regiona or long-range environmental impacts require sulphur dioxide reductions, the
use of low sulphur carbon for the anodes or anode paste if practicable or a sulphur dioxide
scrubbing system.

Gases from the primary smelting process should be treated to remove dust, fluorides and HF
usng an aumina scrubber and fabric filter. The scrubbing efficiency for total fluoride
should be > 99.8%, and the dlumina used in the eectralytic cells.

If there is an integrated anode plant the process gases should be treated in an aumina
scrubber and fabric filter system and the alumina used in the eectrolytic cells. Tars from
mixing and forming processes can be treated in a coke filter.

An established system for environmenta management, operational control and
mai ntenance.

2.2 Secondary aluminium smelting

the production of auminium from secondary raw materias, the variation in feed stock aso
to be taken into account at a local level. This will influence the combination of furnaces,

scrap sorting and pre-treatment and the associated collection and abatement systems that are
used. The smelting and melting processes that are considered to be BAT are the Reverberatory
furnace, Tilting rotary furnace, Rotary furnace, Medtower Induction furnace depending on the
feed materials.
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Furnace Gas Advantages Disadvantages Comments
Collection
Reverberatory | Semi seded Cargemetd Cower efficiency, | Useof seded
furnace. capacity restricted feed- charging system
stock (charging car)
Reverberaiory | Semi sedled Charging well LCower thermal Use of sealed
furnace with alows efficient efficiency charging system
sde recovery of fine (charging car)
well/charging materia. Larger
well. range of feed
material
Rotary Semi sealed No feed stock Rdaivdy high Targeted fume
Furnace restrictions. Good | usage of sdt dag. | extraction
thermal efficiency
Tilting rotary Semi sealed Efficient for Tow | Restricted metal Minimum use of
furnace grade feed capacity salt flux
including compared to fixed
skimmings. Good rotary furnace.
thermal efficiency
Induction Open, hooded | No combustion Restricted metal Usetul for small
Furnace gases capacity and feed | loads of clean
stock metal
Shaft furnace | Semi sedled Charge pre- For clean meta
(Meltower) hesting

Table4.27: Furnaces considered being BAT for secondary aluminium production

The process will have the following features: -

Selection of the feed materia to suit the furnace type and abatement and to transfer
unsuitable raw materias to other operators using equipment designed for them so that it is

possibleto:

a) To prevent the use of salt where practical consistent with achieving the maximum
practica yield;

b) To minimisethe use of sdt in other cases;

c) To recover as many by-products as possible e.g. recovery of any sat dag that is
produced.
Theam isto prevent landfill if possible.
The use of a sealed charging carriage or similar sealed feeding system if possible.

The use of enclosures or hoods for the feeding and tapping areas and targeted fume
extraction systems if practical to minimise energy usage.

The removal of oil and organic materials using swarf centrifuge, swarf drying or other
therma de-coating method before the smelting or melting stage (to reduce the potentia for
the emissions of dioxins and organic matter and to maximise energy efficiency), unless the
furnace is specifically designed to accommodate the organic content.

The use of coreless-induction furnaces for relatively small quantities of clean metal.

The use of afterburners where necessary to remove organic carbon including dioxins.

The injection of activated carbon and lime if necessary to remove acid gases and organic
carbon including dioxins.

The use of heat recovery if practicable.

The use of fabric or ceramic filters for dust removal.
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4.4.2.3 Other process stages

The techniques to consider in the determination of BAT that are reported for pre-treatment,
refining, production of alumina (4.3.2), integrated anode plant (Chapter 12) are considered to be
Best Available Techniques and are summarised below.

The particular technique used depends on the raw materials and other facilities available on or
near the ingtallation. They form part of the over al process in conjunction with the following
Processes.

Process Stage Technique Comments
Production of aumina Bayer process Optimised to reduce energy,
remove dust and reuse red
mud transport water.
Refining Use of mixtures of chlorineand | Addition viaan infline cell for
argon/nitrogen or sat flux Cl,,Ar,N, injection.
(AIF,).
Holding or de-gassing. Fume collection from furnaces | Casting moulds depend on
and launders, cooling, fabric product.
filter if necessary.
Anode production. See Chapter 12

Table 4.28: Other process stages considered as Best Available Techniques for primary aluminium
production

Process Stage Technique Comments
Refining Use of mixtures of chlorineand | Tnert cover gas or dross press
argon/nitrogen or sat flux
(AlF;).
Skimmings treafment. Inert cover gasand coolingin a | Ammoniaformation if wet.

sealed drum or dross press

Holding or De-gassing. Fume collection from furnaces
and launders, cooling, fabric
filter if necessary.

Table 4.29: Other process stages considered as Best Available Techniques for secondary aluminium
production

It is recommended that the potentia formation of dioxins during the refining and casting stages
for secondary auminium production is investigated further.

4.4.3 Gas collection and abatement

The fume collection systems used for both primary and secondary production should exploit cell
or furnace sealing systems and be designed to maintain a suitable depression that avoids leaks
and fugitive emissions. Systems that maintain furnace sealing or hood deployment should be
used. Examples are through hood additions of material, seded charging cars and the use of
robugt rotary valves on feed systems. Secondary fume collection is expensive and consumes a
lot of energy. It is often practicable to use an intelligent system capable of targeting the fume
extraction to the source and duration of any fume to minimise energy consumption.
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Best Available Techniques for gas and fume treatment systems are those that use cooling and
heat recovery if practical before a fabric filter. Fabric or ceramic filters that use modern high
performance materials in a well-constructed and maintained structure are applicable. They
feature bag burst detection systems and on-line cleaning methods.

The acid gas recovery systems, carborv/lime injection for the remova of dioxins and the
associated dust and metal recovery stages are those described earlier in this document. The use
of alumina as a scrubbing medium for fluoride and HF remova with the use of the reacted
aumina n primary auminium production is considered to be BAT. Fume collection systems
will follow the best practice out lined in techniques described in section 2.7.

Processing Fume Fabric PAH VOC
Stage collection Filter removal removal
Raw * (If dusty) * (If dudty)
Materids
Primary . * (with dry .
Smdting aumina
scrubber)
Integrated . . . .
anode plant
Alumina . *« (or EP)
production
Holding and . .
de-gassing

Table 4.30: Abatement applications considered as Best Available Techniques for primary
aluminium production

Processing Fume After Filter Acid gas VOC
Stage collection burning removal removal
Raw * (if dusty) * (if dusty)

Materiads

Secondary . * (if needed) . «(if needed) *(if needed)
Smdting

Swarf drying | «(if needed) «(if needed) «(if needed) «(if needed) «(if needed)
and de-
coating

Holdingand | «(if needed) +(if needed)
de-gassing

Salt Slag or * « (for hydrogen, |
Skimmings phosphine etc)
Treatment

Table 4.31: Abatement applications consdered as Best Available Techniques for secondary
aluminium production

The use of or the recycling of skimmings and filter dusts, if it is possible, is considered to be
part of the processes. Energy recovery can be applied to most of the stages if there is sufficient
heat available and a use for the heat recovered. In its smplest form heat recovery using
recuperative burners and charge preheating could be used in secondary auminium production.
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Other abatement systems are considered to be applicable for other parts of the process and an
overview is shown in the following table.

Organic materid*

Process Stage. Component In off — Abatement option.
gas.
Raw materias handling Dust Prevention and correct storage.
Dust collection and fabric filter
Raw materids pre-treaiment | Dust Correct pre-treatment

Gas collection and fabric filter
Process operation, after-burning and
correct gas cooling.

Primary smelting Dud, fluoride, PFCs, Process operation and gas collection,
(Electrolytic) (Hydrocarbons and Alumina scrubber followed by

PAHs**), cleaning in afabric filter.

Sulphur dioxide Gas cleaning in wet scrubber if
necessary

Secondary smelting Dust and metals Process operation, gas collection and
efficient dust removal.

Acid gases/halides Scrubbing if necessary.

Organic materia* Process operation, material selection
and pre-treatment, after-burning and
correct gas cooling, carbon injection,
efficient dust removal.

Holding and refining. Dust, halides and Process operation and gas

metals collection/cleaning.

Organic materid* Process operation, after-burning and
correct gas cooling.

Sdt dag and skimmings Dud, ammonia, Process operation and gas

treatment processes phosphine and metals collection/treatment.

Note. * Organic materialsinclude VOC reported as total carbon (excluding CO) and dioxins.
** |f an anode plant isintegrated.

Table4.32: Summary of potential pollutants and abatement options
4.4.3.1 Emissions to air associated with the use of BAT

Emissions to air comprise the captured/abated emissions from the various sources, plus the
fugitive or uncaptured emissions from these sources. Modern, well operated abatement systems
result in efficient remova of pollutants and the information at the time of writing indicates that
the fugitive emissions can be the largest contributor to the tota emissions to air [tm 29,
PARCOM 1997].

For primary auminium the total emissionsto air are based on the emissions from:
The materia reception, storage, blending and sampling.
The smelting, holding and refining furnaces with the associated meta transfer and hot gas
handling and cleaning system.
The skimmings handling system.
For secondary aluminium the total emissions to air are based on the emissions from:
The materia reception, storage, blending sampling and pre-treatment.
The smelting, holding and refining furnaces with the metal transfer and associated hot gas
handling and cleaning system.
The skimmings and dag cooling and handling systems.

Fugitive emissions may be much higher than collected, abated emissions and should be assessed
locally. They can be assessed from the fume capture efficiency and by monitoring (see section
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2.7) cdlection efficiency from primary auminium eectrolytic cels is > 99% on a long-term
basis. The untreated cell gas characteristics are shown in table 5.4 and these can be used to
indicate the possible impact of fugitive emissions.

Effective and robust fooding systems are used in lead and precious metal production using
rotary furnaces and reduce fugitive emissions to air by a significant margin. This technique is
applicable to rotary furnaces for the production of aluminium. Sedled charging cars or skips are
used with some reverberatory furnaces and also reduces fugitive emissions to air significantly.
These techniques are shown earlier in this chapter as examples. The following tables
summarise the techniques and the associated collected and abated emissions.

Pollutant Range associated Techniques that can be Comments
with the use of BAT | used toreach theselevels
Dust 1-5mg/Nnv Fabric filter. Depends on characteristics of
dust.
O, Not applicable Control of sulphur content of | Aimto minimise SO,
the anodes.

Poly fluorinated < 0.1 anode effects per Process control based on <0.1kg/t Al
hydrocarbons cell per day active cell databases.
HF <0.2mg/Nnt Aluminascrubber and fabric | For integrated anode
Total fluoride <05 mg/Nn? filter production processes, see

Chapter 12

Note. Collected emissions only. Associated emissionsare given asdaily averages based on continuous monitoring during
the operating period. In cases where continuous monitoring is not practicable the value will be the average over the
sampling period. For the abatement system used, the characteristics of thegasand dust will betakeninto account inthe
design of the system and the correct operating temperature used.

Table4.33: Emissionsto air associated with theuse of BAT for primary aluminium electrolysis

Pollutant | Rangeassociated with | Techniquesthat can Comments
theuse of BAT be used to reach
these levels
Dust 1-5mg/Nnv Fabric filter
Chlorides, SO, <50 - 200 mg/Nn™ Wet or semi-dry
fluorides and | Chloride < 5 mg/Nn?* akaline scrubber.
acid gases Fluoride < 1 mg/Nn?
NOy < 100 mg/NnT* Low NO, burner Higher values are associated with
<100 - 300 mg/Nnt* Oxy-fuel burner. oxygen enrichment to reduce energy
use. Inthese cases gas volume and
mass emission is reduced.
Note. Collected emissions only. Associated emissions are given as daily averages based on continuous monitoring

during the operating period. In cases where continuous monitoring is not practicablethevauewill betheaverageover
the sampling period. For the abatement system used, the characteristicsof the gasand dust will betaken into account in
the design of the system and the correct operating temperature used.

Table 4.34: Emissions to air associated with BAT for holding and de-gassing molten metal from
primary and secondary aluminium
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Pollutant | Rangeassociated with | Techniquesthat can be used Comments
the use of BAT to reach these levels

Dust 1-5mg/Nnr Fabric filter High performance
fabric filters can
achieve low levels of
heavy metals.
The concentration of
heavy metasis linked
to the concentration of
dust and contents of
the metas in the dust.

Chlorides, | S0, <50 - 200 mg/NnT | Wet or semi-ary akaine

fluorides | Chloride <5 mg/Nn? | scrubber.

and acid Fluoride < 1 mg/Nm?

gases

NG, <100 mg/NnT Low NG, burner. Higher vaues are

<100 - 300 mg/Nn? Oxy-fuel burner. associated with

oxygen enrichment to
reduce energy use. In
these cases gas
volume and mass
emission is reduced.

Total <5-15mg/Nnr Afterburner. Pre-treatment of

organic <5 - 50 mg/Nn? Optimised combustion. secondary material to

carbonas C remove organic
coatings.

Dioxins <0.1-0.5ng TEQ/Nn? [ High efficiency dust remova

system (i.e. fabric filter),
afterburner followed by
guenching. Other techniques
are available (e.g. adsorption on
activated carbon, oxidation
catalyst).

Note. Collected emissionsonly.
Associated emissions are given as daily averages based on continuous monitoring during the operating period. In
cases where continuous monitoring is not practicable the value will be the average over the sampling period.

For the abatement system used, the characteristics of the gas and dust will betakeninto account inthedesign of the
system and the correct operating temperature used. For SO, or total carbon removal, the variation in raw gas
concentration during batch processes may affect the performance of the abatement system.

Table 4.35: Emissions to air associated with the use of BAT for materials pre-treatment (including
swarf drying), melting and smelting of secondary aluminium

4.4.4 \Wastewater

This is a Ste-specific issue, existing treatment systems are reported to be to a high standard. All
wastewater will be treasted to remove solids and oils/tars, absorbed acid gases (e.g. sulphur
dioxide, HF, HCI) should be neutrdised if necessary. The techniques listed in section 2.9 are
the techniques to consider. In a number of ingtallations cooling water and treated wastewater
including rainwater is reused or recycled within the processes.

For primary and secondary auminium the total emissions to water are based on:

The alumina production
The materia storage system.
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The eectrolytic transformer cooling system.
The scrubber system if used.
The wastewater treatment system and run-off water.

Water use is minimal as the processes are essentially dry apart from wet scrubber systems. The
following table summarises the concentrations that are achieved using suitable effluent
treatment methods. Where suitable, sludges can be returned to the process.

Component Concentration Comment
mg/I

Suspended solids 14 Includes anode plant
CcOD Y4 Includes anode plant
Huoride 17 Includes anode plant
Total hydrocarbon 0.8 Includes anode plant
Note: - Associated emissions are from the Aluminium Dunkirk plant and are given asdaily
averages during process operation.

Table 4.36: Emissions to water associated with the use of BAT for primary aluminium production
with an associated anode plant

445 Process residues

The principles of the minimisation and re-used of process residues are techniques that form part
of BAT.

The production processes in this sector have been developed by the industry to maximise the re-
use of the mgjority of process residues from the production units or to produce residues in form
that enables them to be used in other production processes. Sections 4.2.1.4 and 4.2.2.3 give an
overview of the potential end uses for residues. Some specimen quantities are also given for
specific installations in these sections.

Particular examples are: -

The use of SPL in other processes as raw materia or asafud, if possble.
Minimisation of salt flux usage where practica.

The recycling of salt dag to recover duminium, salt and oxide portions.
Reuse of furnace linings where possible.

Reuse of filter dusts from primary auminium in the process.

Reuse of filter dusts from secondary auminium furnaces if possible in the process.
Treatment of these filter dusts if necessary to destroy dioxins before disposal.

The quantity of residues produced is strongly dependent on the raw materias in particular the
sodium content of primary materials, the content of other non-ferrous metals (e.g. Mg) in
secondary materials and the presence of other contaminants such as organic materials. The
emissions to land can therefore be very site and materia specific and depend on the factors
discussed earlier. It is therefore not possible to produce a redigtic, typica table of quantities
that are associated with the use of BAT without detailing the raw material specification. The
principles of BAT include waste prevention and minimisation and the re-use of residues
whenever practical. Theindustry is particularly effective in these practices.
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Source Use/treatment options
Al SkKimmings Recovery.
Filter dust Re-use In process.
SPL Carburant, flux and furnace Tinings.
Bricks From anode furnaces, reuse.
Steel Recovery.
Carbon dust (anode plant)  [Reuse.

Table4.37: Optionsfor residuesfrom aprimary aluminium smelter

Residue Origin Treatment Comments on treatment
SAtdag Mdtingin Recovery viagrinding, The process should achieve a
rotary drum dissolution and high environmental standard.
furnace crystallisation techniques. | Fugitive emissions of dust and
Production of reusable gases such as phosphine,
substances if possible Al- | hydrogen should be collected
granulate, mixed salt, and treated.
Al,O; (and other oxides). | Aim to prevent landfill.
Filter dust Exhaust gas | Disposal with pre- Ban on surface disposd in
cleaning trestment or underground | some countries, thermal
Site, trestment possible
Partly reconditioned with | (neutralisation with NaHCO; or
salt dag or Na,CO; - usewith st dag)
Used in the steel industry
FurnaceTining |[Mdting Potential for No surface disposa in some
furnace reconditioning with countries.
skimmings, otherwise Production of injection
Leaching + landfill moulding compounds reported
Skimmings Allfurnaces | Smdting in rotary Turnace. | Aim to prevent Tandfill
not using sat, | Recovery, pelletsused in
Cleaning of rotary drum furnace, dross
smelter, dust used in the recovery
foundries of sdt dag
Note. * using Closed Well furnace
** Non metallic products (oxide proportions from Al scrap)

Table4.38: Optionsfor residuesfrom secondary aluminium production

4.4.6 Costs associated with the techniques

Cost data has been compiled for a variety of process variations and abatement systems. Some
cogts are included where available with the examples given earlier in this chapter. The cost data
is very site specific and depends on a number of factors but the ranges given may enable some
comparisons to be made. Other cost data is provided in an appendix to this note so that costs for
processes and abatement systems over the whole of the non-ferrous metal industry can be

compared.
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4.5 Emerging Technologies

Reuse of filter dust from secondary aluminium production is demonstrated in Spain and
Austria. Dust and fume from a rotary furnace is treated with sodium bicarbonate and
activated carbon as the scrubbing medium to remove chlorides produced by the sat flux and
sodium chloride is formed. The dust is then collected in a fabric filter and can be included
with the salt charged to the furnace [tm 145, Winter 1998].

Several processes exist b recover iron from red mud but have not been commercidly
exploited [tm 212, Noyes 1993]. Research has also taken place in the use of red mud in
construction, bricks and concrete.

Inert anodes. Development of new carbon free anodes, which would make it possible to
construct a completely new eectrolytic cell without any directly consumable parts, and
producing oxygen a the anode instead of carbon dioxide. This would aso eiminate
emissions of PAH from the process. The technology for thisis at the pilot plant stage, and is
not yet satisfactorily documented in atest operation.

Wettable cathodes. Development of new cathode materials or coatings for existing cathode
materials, to achieve better energy efficiency for the eectrolysis process. This is at the
development stage and has been tested in research cells.

Alloy separation. Techniques for separation of auminium scrap into different types of alloy
have been tested using laser and eddy current technology. The benefits of this will be easier
selection of materias for recycling and the ability to easier produce desired dloys in
recycling plants.

Rotary flux or gas injection for refining. This alows for more controlled addition of fluxes
to holding furnaces. The technique is aready installed at some plants.

Catalytic filter bags to control dioxin releases. The catalyst will destroy dioxins rather than
simply collecting them.

The use of an eectric arc furnace for salt free melting of drosses.
Processing of sdlt dag in adry state.
Salt recovery using electro-dialysis rather than concentration.

Continuous monitoring of HF in sack emissions to alow abatement failure (alumina
scrubber/fabric filter) to be detected.
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5 PROCESSES TO PRODUCE LEAD, ZINC AND CADMIUM. (+
Sb, Bi, In, Ge, Ga, As, Se, Te)

5.1 Applied Processes and Techniques

These metals are often associated together in ores and concentrates and a number of techniques
are used to win and separate the metals. The chemica state (sulphidic or oxidic) and the
relative proportion of the netas usualy determine the pyrometalurgica or hydrometallurgical

technique or combination that are used. Some of the techniques are aso used for secondary or
mixed primary and secondary raw materias [tm 12, HMIP Zn 1993; tm 102, DFIU Zn 1999].

In some cases secondary materials are separated and portions such as battery paste, are sent to
other processors who can deal with that material.

5.1.1 Primary lead

There are two basic pyrometallurgical processes available for the production of lead from lead
sulphide or mixed lead and zinc sulphide concentrates. - sintering/smelting or direct smelting.
The processes may also be used for concentrates mixed with secondary raw materials.

5.1.1.1 Sintering/smelting using the Blast Furnace or Imperial Smelting Furnace

Lead concentrates are blended with recycled sinter fines, secondary material and other process
materials and pelletised in rotating drums. Pellets are fed onto an up draught or down draught
sinter machine and ignited. The burning pellets are conveyed over a series of wind-boxes
through which air is blown. Sulphur is oxidised to sulphur dioxide and the reaction generates
enough heat to fuse and agglomerate the pellets [tm 12, HMIP Zn 1993; tm 102, DFIU Zn
1999].

The sinter product is crushed and screened to the correct size for the furnace. Undersize material
is cooled by mixing with de-watered dudge collected from gas cleaning equipment and returned
to the blending area.

The sulphur dioxide is recovered from the sinter machine off-gases, which are cooled, deaned
and recovered in the form of sulphuric acid. Cadmium and mercury are also present and are
recovered from the off-gases or from the sulphuric acid that is produced.

Sinter is charged to the blast furnace with metallurgical coke. Air and/or oxygen enriched air, is
injected through the tuyeres of the furnace and reacts with the coke to produce carbon
monoxide. This generates sufficient heat to melt the charge. The gangue content of the furnace
charge combines with the added fluxes or reagents to form a dag.

The carbon monoxide reduces the meta oxides in the charge. Slag and lead collect in the
furnace bottom and are tapped out periodicaly or continuously. The dag is quenched and
granulated using water, or alowed to cool and is then crushed, depending on its destination or
further use.

For smelting bulk lead and zinc concentrates and secondary material, a specidly designed blast
furnace is used; the Imperia Smelting Furnace. Here, hot sinter and pre-heated coke as well as
hot briquettes are charged. Hot air, sometimes oxygen enriched is injected with these raw
materials. The reduction of the metal oxides not only produces lead and dag but aso zinc,
which is volatile at the furnace operating temperature and passes out of the | SF with the furnace
off-gases. The gases also contain some cadmium and lead.
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Figure5.1: Diagram of atypical Imperial Smelting Processfor zinc and lead production
[tm 102, DFIU Zn 1999]

The furnace gases pass through a splash condenser in which a shower of molten lead quenches
them and the metds are absorbed into the liquid lead. The resulting aloy is cooled when zinc
floats to the surface and is separated from the lead. The zinc is refined by didtillation and this
process is covered later in this chapter. Lead is recycled to the splash condenser [tm 12, HMIP
Zn 1993; tm 102, DFIU Zn 1999].

After the splash condenser, the low caorific value furnace gases (LCV gas), which contain
carbon monoxide and hydrogen, are cleaned and burned to preheat the air and the coke.
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5.1.1.2 Direct smelting

Several processes are used for direct smelting of lead concentrates and some secondary material
to produce crude lead and dag. Bath smelting processes are used — the ISA Smelt/Ausmelt
furnaces (sometimes in combination with blast furnaces), Kaldo (TBRC) and QSL integrated
processes are used in EU and Worldwide. The Kivcet integrated process is dso used and is a
flash smelting process. The furnaces are described in section 2.6 of this document. The ISA
Smelt/Ausmelt furnaces and the QSL take moit, pelletised feed and the Kado and Kiveet use
dried feed.

The sintering stage is not carried out separately in this instance. Lead sulphide concentrates and
secondary materials are charged directly to a furnace and are then melted and oxidised. Sulphur
dioxide is formed and is collected, cleaned and converted to sulphuric acid. Carbon (coke or
gas) and fluxing agents are added to the molten charge and lead oxide is reduced to lead, adag
isformed. Some zinc and cadmium are “fumed” off in the furnace, their oxides are captured in
the abatement plant and recovered [tm 120 TU Aachen 1999].

These processes all produce a dag that is rich in lead but te QSL and Kivcet furnaces
incorporate an integral reduction zone to reduce the lead content of the dag to an acceptable
level, the Kaldo process uses an adjacent dag fuming process. The silica based dag from the
QSL process is accepted as construction material at the time of writing. Hesat recovery and
conversion of sulphur dioxide to sulphuric acid is aso featured in these processes. Dust
collected in abatement plant is returned to the process and can be washed or leached to reduce
halides and Zn/ Cd in the recycled dust [tm 120 TU Aachen 1999].

All of these processes have taken some time to commission properly and achieve the anticipated
through put and conversion rates. The Kaldo is atwo stage process [tm 12, HMIP Zn 1993; tm
35, LRTAP 1995; tm 102, DFIU Zn 1999] and is well established. It is reported that the QSL
process has overcome al of the initia problems and is operating effectively. The ISA
Smelt/Ausmdlt process is operating only on the initid smelting phase at the time of writing and
has not been commissioned for the dag reduction phase. The Kivcet furnace has been operating
successfully since 1990 [tm 120 TU Aachen 1999].

Process Lead content of slag Comments
%
QSL <3 Efficient operation. Viable process
Kivcet 3-5 Successful operation
Ausmdt/TSA Smelt Not available Smelting phase only commissoned.
Kaldo furnace 2-4 Effective operation — mixed Po/Cu

Table5.1: Direct smelting processes

5.1.2 Secondary lead
5.1.2.1 Therecovery of lead from scrap batteries
Scrap automotive batteries (automotive, motive power and stand by) are a mgor source of

secondary lead. A typica composition of lead-acid battery scrap is given in the following table
[tm 102, DFIU Zn 1999]: -
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Component [wt.-%]
Lead (alloy) components (grid, poles, ...) 25-30
Electrode paste 35-45
(fine particles of lead oxide and lead
sulphate)
Sulphuric acid (10 — 20% H,S0,) 10-15
Polypropylene 4-8
Other plastics (PVC, PE, €ic.) 2—7
Ebonite 1-3
Others materias (dlass, ...) <05

Table5.2: Composition of typical lead-acid automotive battery scrap

There are two main types of process for the recovery of lead from automotive batterieg[tm 12,
HMIP Zn 1993; tm 35, LRTAP 1995; tm 102, DFIU Zn 1999]: -

a) Batteries are drained of acid and fed whole into a blast or shaft furnace (Varta process) or

Whole batteries and fluxes are fed into a blast furnace via a seal and oxygen enriched
ar isused in the blast. Antimonia lead bullion is produced, dong with a silica based
dag and a lead/iron matte that can be recovered in a primary lead smelter [tm 120 TU
Aachen 1999].

Organic components in the furnace off-gases are oxidised in an after- burner and the
gases are then cooled and filtered in a fabric filter. The filter dust is de-chlorinated and
returned to the furnace.

b) Batteries are drained of acid broken and separated into various fractions using automated
proprietary equipment (MA and CX processes).

Both the MA and CX (Engitec) processes use hammer type mills to crush the whole
batteries. The crushed material then passes through a series of screens, wet classifiers
and filters to obtain separate fractions containing metallic components, lead oxide-
sulphate paste, polypropylene, non recyclable plastics and rubber and dilute sulphuric
acid [tm 106, Farrell 1998]. Some processes use a second milling stage before the
plastic fraction is finally treated. Polypropylene is recycled as far as possible. The
sulphuric acid drained from the batteries is neutralised unless there is a local use for it
and the sodium sulphate produced can be re-crystalised and sold. These are strongly
market dependent options.

Severa aternatives are used to deal with the sulphur contained in the battery materials.

Prior to smelting, the lead sulphate paste may be de-sulphurised by reaction with
sodium carbonate or sodium hydroxide (in the CX and related processes).

Lead sulphate can be separated and sent to an ingtalation capable of treating the
sulphur content in the gases for example one of the direct smelting primary lead
processes.

The sulphur may be fixed in the dag or as a Fe/Pb matte.

Paste de-sulphurisation prior to smelting can reduce the quantity of dag produced and,
depending on the smelting method used, the amount of sulphur dioxide released to the
ar.
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Figure5.2: Outline of atypical battery recovery process
[tm 102, DFIU Zn 1999

Smdting can be carried out in the following vessdls [tm 102, DFIU Zn 1999]:

rotary furnace,

reverberatory furnace and blast or electric furnace,
rotary kiln,

ISA Smelt furnace,

electric furnace.

Rotary and reverberatory furnaces can be either gas or ail fired. Oxygen enrichment isused in
severd inddlations. Smelting is usudly carried out in batches, dag and meta are tapped out
separately and batches of dag are treated to recover more lead and produce a dag that is stable.
The bulk of the sulphur in the charge is fixed in the dag, which is a sodium-iron-sulphur
compound with small amounts of lead and other metals.

In the ISA Smelt process de-sulphurised paste and reductant are continuoudy fed into the
furnace and lead bullion is tapped periodicdly. When the process vessel contains the maximum
volume of dag, reductant and fluxes are added to produce a high antimony bullion and a discard
dag [tm 41, Ausmet 1997; tm 102, DFIU Zn 1999]. The slag may also be reduced in a separate
furnace.

The electric resistance furnace is used for complex secondary materials and uses an open slag
bath covered by coke. Raw materids are fed onto the top of the bath where they react to
produce metal and dag, which are tapped periodicaly. The waste gas contains CO and is burnt,
flue dust is collected and zinc is recovered from it. It is operated on a campaign basis
alternating with secondary copper production in a copper smelter.

Crude bullion produced by either smelting method is refined by the methods described below.
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5.1.2.2 Recovery of lead from other scrap and residues

Metdlic lead scrap may be in a variety of forms, it may be contaminated by plastic material or
bitumen and may be dloyed with other elements, notably tin, antimony and slver. This
material is usualy recovered in the processes described above as smple melting facilities
cannot cope with the partially burnt materia in the off-gases. The electric furnace is also used
for the recovery of lead from complex lead/copper and lead/precious metals secondary
materials. After-burning of the gasesis used to destroy CO and hydrocarbons including dioxins.

Clean scrap is melted in specialy designed kettles, which are indirectly heated by oil or gas.

Scrap is charged from a hopper situated above the kettle. Dross and tramp materials are
skimmed from the surface of the molten metal and then pass through a screen that separates fine
and coarse fractions. The drossis the fine fraction and is recycled as a non-metalic residue. The
tramp material is mostly metal with a higher melting point than lead, and is treated elsewhere.

Residues, largely non-metallic in character, but often mixed with metdlic lead scrap, are
smelted with fluxes in rotary furnaces. Lead containing residues from the production of tetra-
alkyl lead are melted in gas fired reverberatory furnaces.

The lead or lead aloy recovered from scrap or residues is refined, if necessary, using the
techniques described below.

5.1.3 Refining of primary and secondary lead

Lead bullion may contain varying amounts of copper, silver, bismuth, antimony, arsenic and tin.
Lead recovered from secondary sources may contain similar impurities, but generally antimony
and calcium dominate. There are two methods of refining crude lead: eectrolytic refining and
pyrometallurgica refining. Electrolytic refining uses anodes of de-copperised lead bullion and
starter cathodes of pure lead. Thisisahigh cost process and is used infrequently.

A pyrometalurgica refinery consists of a series of kettles, which are indirectly heated by oil or
gas [tm 4, HMIP Pb 1993, tm 102, DFIU Zn 1999]. Copper is the first element to be removed
and separates as sulphide dross. If the crude metal is deficient in sulphur more must be added in
the form of sulphur powder or pyrite. The sulphide dross is removed from the meta surface by
mechanical skimmers that discharge into containers.

Arsenic, antimony and tin are removed by oxidation. The usual method, often referred to as
"lead softening”, involves a reaction with a mixture of sodium nitrate and caustic soda, followed
by mechanica skimming to remove the oxide dross. Air/oxygen can aso be used as the
oxidisng agent. Depending on the crude lead composition, i.e. the amount of impurities, the
molten sat mixture may be granulated in water and the impurities separated hydro-
metalurgicaly.

De-slvering is carried out by the Parkes process, which makes use of the preferential solubility
of slver in zinc. Zinc is added to the lead at about 470 °C and the mix is then alowed to cool to
325 °C. A dlver-lead-zinc alloy separates and forms a crust on the surface. The crust is
removed and zinc separated from the silver by vacuum distillation. The silver bullion is further
refined using oxygen to produce crude silver. Excess zinc is removed from the de-silvered lead
by vacuum distillation and then by trestment with caustic soda

Bismuth is removed by treatment with a mixture of cacium and magnesum (the Kroll-
Betterton process). A calcium-magnesium-bismuth aloy is formed as dross on the surface of the
lead and is removed by skimming. The dross is then oxidised using lead chloride, chlorine gas
or a caugtic soda / sodium nitrate mixture and the calcium magnesium oxide is removed by
skimming. A bismuth-lead aloy is recovered and undergoes further refining to produce
bismuth.
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Figure5.3: Diagram of lead refining processes
[tm 102, DFIU Zn 1999

The pure lead is cast into blocks or ingots. Fume, drosses, litharges and other residues are
usually smelted in a smal blast furnace or a rotary furnace to produce lead bullion which is
recycled to the refining circuit.

5.1.4 Melting and alloying processes for lead

Melting and dloying are usudly carried out in indirectly heated crucible furnaces or kettles
using electricity or oil or gas. Refined lead is melted in a kettle and alloying eements are
added. Temperature control of the melt can be important. Lead and lead aloys are usually cast

into permanent cast iron moulds [tm 4, HMIP Pb 1993].

Static moulds and conveyor casting machines are used to produce blocks, dabs and ingots.
Continuous casting machines are used to produce rod for reduction to wire. Fume extraction is
used at the launders and tapping points.

5.1.5 Primary zinc
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Zinc can be produced from primary raw materias by pyrometalurgica or hydrometalurgical

methods. Pyrometallurgical methods are used in other parts of the World but have gradualy lost
their importance and are not used in EU for smple zinc concentrates. Determining factorsarethe
need for an extra distillation stage to obtain high-grade zinc and the relatively low zinc extraction
efficiency. The pyrometalurgica Imperia Smelting Furnace process (ISF) is however till of
importance in EU because it enables complex lead-zinc concentrates and secondary material to be
treated smultaneoudly, yielding saleable lead and zinc. It can adso consume residues from other
processes [tm 12, HMIP Zn 1993; tm 101, NL Zn 1998; tm 102, DFIU Zn 1999].

5.1.5.1 The pyrometallurgical route

The pyrometallurgical route is used for mixed zinc/lead concentrates and secondary meaterial
and uses the Imperial Smelting Furnace, which is outlined above in lead production and is
illustrated in section 2.6. The eectro-thermic furnace is used in other parts of the world. Zinc
produced in the Imperid Smeting Furnace may contain varying amounts of cadmium, lead,
copper, arsenic, antimony and iron and the process uses a refining stage.

Zinc from the ISF is refined ty reflux didtillation in columns containing a large number of
refractory trays (New Jersey Didtillation). The lower ends of the columns are heated externally
by natural gas. The upper ends are not heated and run cool enough to reflux the higher boiling
point metals before vapours pass to a condenser [tm 12, HMIP Zn 1993; tm 102, DFIU Zn 1999].
The New Jersey digtillation column is adso used for secondary zinc materias [tm 120 TU
Aachen 1999].

Didtillation proceeds in two stages, first the separation of zinc and cadmium from lead and then
separation of cadmium from zinc. In the first stage, molten zinc is fed into a column where dl
the cadmium and a high proportion of the zinc is didtilled. The mixture is condensed and fed
directly to a second column. This column is operated at a dightly lower temperature to ditil
mainly cadmium, which is condensed as a zinc-cadmium aloy. The dloy is transferred to a
cadmium refinery. The meta run-off from the bottom of the second column is high-grade zinc
(SHG) of 99.995% purity [tm 120 TU Aachen 1999].

The run-off metal from the first stage is zinc with lead, tin, arsenic, iron, antimony and copper
impurities. This dloy is cooled to separate lead, which is recycled to the ISF splash condenser,
and an inter-metallic compound of iron, zinc and arsenic, which is recycled to the ISF itself.

The zinc is then treated with sodium to remove residua arsenic and antimony as sodium
arsenides and antimonides, which are also recycled to the ISF. The zinc produced in thisway is
of alower grade (GOB), but free of cadmium, and is used mainly for galvanising.
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Figure5.4: Diagram of zinc/cadmium distillation
[tm 102, DFIU Zn 1999]

5.1.5.2 The hydrometallurgical route

The hydrometallurgical route is used for zinc sulphide (blendes), oxide, carbonate or slicate
concentrates and is responsible for about 80% of the total world output [tm 101, NL Zn 1998; tm
102, DFIU Zn 1999]. The mgority of the EU production facilities use the electrolytic process,
with atotal production capacity of 1665000 t/ain 1997.

Sulphide concentrates are roasted first in fluidised bed roasters to produce zinc oxide and
sulphur dioxide. Roasting is an exothermic process and no additiona fud is used, the hest
generated is recovered. The zinc oxide (calcine) passes from the furnace and is collected and
cooled. Roaster gases are treated in hot EPs to remove dust (which is passed to the calcine).
Other dust and volatile metals such as Hg and Se are removed in a gas cleaning train that
incorporates scrubbing systems and wet EPs. The sulphur dioxide is then converted to sulphuric
acid in a conventiona recovery system [tm 101, NL Zn 1998; tm 102, DFIU Zn 1999; tm 12,
HMIP Zn 1993; tm 101, NL Zn 1998; tm 120, TU Aachen 1999].

Leaching of the calcine is carried out in a number of successive stages using a gradualy
increasing strength of hot sulphuric acid. The initial stages do not dissolve significant amounts
of iron but the later onesdo. The leaching processis carried out in a variety reactors using open
tanks, sedled vessals and pressure vessels or a combination of them [tm 101, NL Zn 1998; tm
102, DFIU Zn 1999].

Leaching may be stopped after the Neutral Leach. The leach residueis sent to an | SF and added
to the sinter feed. Zinc, lead and silver are recovered as metals, sulphur as H,S0,. Instead of an
ISF, aWaelz Kiln may be used but SO, absorption is necessary in such a case.
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Figure5.5: Diagram of the zinc hydrometallurgical process

Other metds are aso dissolved during the process and are removed after leaching. Iron is the
major impurity and the iron is precipitated in 3 basic forms; Jarosite, Goethite or Haemetite.
The form of these precipitates is used to give the process names [tm 101, NL Zn 1998; tm 102,
DFIU Zn 1999]. The precipitation stages are: -

As Jarosite using ammonia and zinc cacine for neutralisation. Up to 3 stages are used
depending on whether Ag/Pb recovery is undertaken. A single stage process known as the
“Conversion Process’ is also used.

As Goethite using zinc sulphide for pre-reduction, oxygen for re-oxidation and zinc cacine
for neutralisation.

As Haemetite using sulphur dioxide or zinc sulphide for pre-reduction and an autoclave
with oxygen for precipitation. In this case a sulphur resdue is produced as well as an iron
residue.

The main differences in the iron precipitates are their volume and ease of filterability. There are
also significant differences in process capital and operating costs [tm 120 TU Aachen 1999].
The balance of these with the disposal costs of the residue may be influenced by non-process
related costs. The Haemetite process was thought to be very attractive as the residue volume
was lower and haemetite was a potential raw material for iron. The process has not proved to be
viable and the haemetite was not acceptable to the iron and stedl industry.

It has been reported [tm 139, Finland Zn 1999] that the Jarosite process is capable of high zinc
recoveries even with concentrates containing 10% Fe. Similar recoveries with the Goethite
process rely on alow iron content in the calcine (or ZnO) that is used for the precipitation stage.
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Figure5.6: Simplified flow sheets of someiron removal processes

Two applications are known where concentrate is leached directly without calcination i.e. at
Korea Zinc and Outokumpu Zinc. At Korea Zinc the iron is left in solution during the leaching
and is then precipitated in a separate step as goethite, whereas at Outokumpu the iron is
precipitated as jarosite smultaneoudy with the leaching of the sulphides.

The concentrate together with the durry from the Conversion process and acid from the
electrolyses are fed to the reactors where the leaching takes place by sparging oxygen into the
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durry. The rest of the dissolved iron in the solution from the conversion and the iron dissolved
from the concentrate is precipitated as jarosite:

A sulphur concentrate is separated from the slurry by flotation and stored separately from the
jarcsite residue.  This sulphur concentrate is not used for H,SO, production and is a hazardous
waste like Goethite and Jarosite.  The equipment used in the process is much the same as
conventionally used in zinc hydrometalurgy. A flow sheet of the process operated by
Outokumpu Zinc is shown below [tm 139, Finland Zn 1999].

Calcine Zn solution
Zn0 Spent acid Concentrate
ZnOFe,0; Y S
Neutral Conversion +——pp»{ Atmospheric P Flotation
leach leach leach precipitation
Zn solution Jarosite, Ag,
gypsum, silicates Sulphur conc.

Figure5.7: Concentrateleaching process

Whatever residue is produced by the various process options anc remova is maximised by
washing the residue. Other soluble metals may be treated by precipitation as hydroxides or
sulphides. The residues are stored in landfill areas, usualy on or near the site in a manner that
isolates them from ground or surface water. Water from the storage areais normally recycled
back to the process. Developments are taking place to avoid the residues or at least to render
them more inert by fixation and this is reported in Emerging Techniques.

Surry from the fina leaching stage is settled and the overflow solution is treated to remove
impurities. The solid in the underflow is filtered and washed on a filter. The filter cake is
disposed of and the filtrate is recycled to the process. Different flow sheets are used depending
on factors such as the choice of the iron removal process and the available integrated impurity
recovery processes.

For example more or less extensive treatment of the leach residue is carried out by further
leaching or physical separation techniques before it is disposed of [tm 120 TU Aachen 1999].
Thisis reflected in the recovery rates and composition of possible lead or lead/Ag by products.

Purification of the zinc bearing solution takes place in a number of consecutive stages. The
processes used are dependent on the concentrations of the various metals contained in the
concentrate and vary accordingly. The basic processes involve the use of zinc dust or powder to
precipitate impurities such as Cu, Cd, Ni, Co and Tl. Precipitation of Co and Ni aso involve the
use of a second reagent such as As or Sb oxides. Variations in temperature occur from plant to
plant. Other reagents such as barium hydroxide and dimethyl glyoxime may aso be used to
remove lead and nickel. The recovery route for the copper by-product can affect the choice of
process.

Hydrogen may be evolved and arsine or gibine occurrence is monitored. Collection and
treatment of the released gases depends on the presence of these gases, local overadl
engineering, open air or enclosed building operations can be used but scrubbing the gases from
the reactors using an oxidising solution for arsine removal is reported to be most effective.

The purified solution passes to a cell house where zinc is electro-won using lead anodes and
aluminium cathodes. Zinc is deposited a the cathodes and oxygen is formed at the anodes,
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where sulphuric acid is aso generated and is recycled to the leaching stage. Acid mist is formed
during this process and various coverings are used on the cells to mnimise this. Cdl room
ventilation ar can be de-misted and the acid mist recovered. Heat is produced during
electrolysis and this is removed in a cooling circuit, this can be designed to optimise the water
balance of the process but may be a further source of mists.

The cathodes that are produced are stripped automatically or manually and are then melted in
eectric furnaces and aloys made [tm 120 TU Aachen 1999]. A small part of the zinc produced
is made into zinc powder or dust for the purification stages. These can be produced by air,
water or centrifugal atomisation of a stream of molten zinc or by condensing zinc vapour in an
inert atmosphere.

One of the main issues in the hydrometallurgical process route is the disposa or use of the
precipitated iron. Specia containment sites are used for disposal at the moment but pressure on
landfill options is increasing, this factor is discussed later and the options are assessed. Severa
approaches are being developed to allow these residues to be used and these are covered in
emerging techniques.

Redtricting the process to neutral leaching only is one aternative method that can be used to
avoid the production of these intractable wastes. In this case iron remains in the leach residue
aong with a ggnificant portion of the zinc. This residue is used as the feed for a
pyrometallurgical process to recover the zinc, lead, silver, sulphur and to bring the iron into a

dag.

5.1.6 Secondary zinc

Approximately 30% of the yearly zinc consumption in Europe is secondary or recycled zinc.
Approximately 50% of this secondary zinc is recycled within the consumers or users industry.
This is particularly true in the galvanising and brass sector; scrap arising from the production or
processing of products can be recycled dmost immediately.

Residues and scrap, which are relevant and significant to the secondary zinc industry, include: -

dust from copper aloy making,

residues from the die casting industry,

ashes, bottom and top drosses from the galvanising industry,

old roofing and other sheet materials,

non-ferrous fraction from the shredding of old cars and of other mainly steel containing
products,

dust from electric arc steel making and cast iron making,

residues from chemical uses of zinc and burnt tyres.

The process route used to recover zinc depends on the form and concentration of zinc, and the
degree of contamination [tm 120 TU Aachen 1999].

5.1.6.1 General processes

Physical separation, melting and other high temperature treatment techniques are used.
Chlorides are removed and the residues are used to produce zinc metal or aloys for re-use,
impure meta or oxide, which will be refined further in the primary zinc processes.
Alternatively they can be further treated to produce commercia grades zinc oxide, powders or
dust [tm 120 TU Aachen 1999; tm 206 TGI 1999].

Process details are very often confidential but examples of these specific treatments are: -
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Galvanisers ashes which arise during galvanisation of pieces, wire and tubes are essentialy
a mixture of znc metad and zinc oxide, contaminated with ammonium and zinc chloride.
They are ball-milled to liberate the phases. Separation is accomplished by sweeping the mill
with a stream of air to entrain the non-metallic components, which are then collected by a
fabric filter. Alternatively, a screen is incorporated into the mill, which passes the fine non-
metallic fraction, but retains the coarse metallic fraction. In either case, the metdlic fraction
is discharged from the mill, melted and cast into ingots for sale, re-use or further treatment.

Bottom dross (also caled hard zinc or spelter) is a zinc iron aloy, dso containing some
lead, which forms and accumulates in holding furnaces and tanks used for batch
galvanising. Blockages may result and automatic removal systems are used. Top drossisa
zinc-iron-auminium aloy generated from continuous hot dip gavanisng. Drosses or
skimmings and other residues from the die-cast industry contain a mixture of zinc metal and
zinc oxide, with little or no chlorides. The treatment schemes summarised above are al

applied to these materials. The same applies to old roofing and other sheet materias as well

as to residues from the chemical uses of zinc or zinc products.

Processing scrap vehicles in a series of mills produces shredder residue. After the removal
of the non-metalic fraction, the non-ferrous fraction is separated from other steel-based
products by magnetic separation. Heavy media separation and other techniques are then
used to treet it followed by selective melting to recover zinc.

The residue is melted in two stages in a gas-fired reverberatory furnace. in the first stage
lead is melted at 340 °C and is tapped and cagt into ingots. In the second stage, the
temperature is raised to 440 °C and zinc is melted, tapped and cast into ingots. An
aternative process uses an indirectly fired rotary kiln with a perforated inner lining. Zinc
melts and flows out through the liner into a holding furnace from where it is cast into ingots.
Further refining is always necessary.

Zinc oxide is aso produced from residues, in particular the dust from electric arc steel making
furnaces. Waelz kilns and dag fuming furnaces can be used.

5.1.6.2 Waelz kilns

The process is designed to separate zinc (and lead) from other materids by reducing,
volatilisng and oxidisng zinc (and lead) again [tm 102, DFIU Zn 1999; tm 120 TU Aachen
1999].

The dust, other secondary raw materials and coke fines are loaded into silos. The materias are
mixed and can aso be pelletised. It is then sent directly to the kiln feeding system or for
intermediate storage. Weighing equipment can be used to control the quantity of reduction
materials (coke) according to the zinc content of the raw materials and of fluxes for the desired

dag quality.

The norma operating temperature insde a Waelz kiln is about 1200 °C. Insde the kiln solid
materials are first dried and then heated up by the counter current flow of hot gas and contact
with the refractory lined walls. Depending on the inclination, ength and rotation speed, the
material has an average residence time between 4 and 6 hours in the kiln. In the strongly
reducing atmosphere of the solid bed, zinc, lead and other heavy metals are reduced. Zinc and
lead are evaporated into the gas atmosphere; chlorides and dkalis (depending on the dag
basicity) are vaporised together with the heavy metals. As there is a surplus of air in the kiln,
the metal vapours are oxidised. The mixed oxides are drawn from the kiln with the process
gases and separated in the gas treatment system.

The gas treatment system typically comprises a settling chamber for removal of coarse dust that
is carried over mechanicaly, a cooling step for gas cooling with water and an electrostatic
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precipitator to remove the Waglz Oxide. Air-cooling followed by a fabric filter is aso used.
Technigques to minimise and remove dioxins are used where needed, these are covered in section
2.8.

Coke, fluxes
Stack Filter Gas cooling EAF-dusts

Air

(Oll, gas)
- —
Rotary kiln V:/aelz
= > 2 slag
Exhaust v . V
fan Waelz oxide P
Water basin

Figure5.8: Waelz Kiln

The dag produced in the kiln is discharged continuoudy from the end of the furnace into a
guench system. After cooling, screening and crushing, the sag can be used as a materid in civil
engineering e.g. for road construction. In addition, the dag can be suitable as a flux for cement
clinker production or as an iron source in the iron and sted industry.

The Waelz oxide that is produced can be processed in a number of ways. The most basic
process is hot briquetting or sintering for sale to pyrometalurgical zinc pants e.g. Imperia
Smelting Process. If the lead oxide content is high, a calcination step can aso be used to
volatilise the lead.

Waelz oxide can also be leached in a two-stage process using sodium carbonate in the first stage
and water in the second stage to remove chloride, fluoride, sodium, potassum and sulphur. The
purified final product is dried and can be used as a feed materia for the zinc eectrolysis
process.
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Waelz Oxide
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Figure5.9: Waelz Oxide leaching process

5.1.6.3 Slag fuming processes

These processes are a so used to recover zinc from residues. Electric arc furnace dust, most of
the dags from lead smelting operations and other residues from zinc reduction contain lead and
zinc that will be lost if they are not treated further. These materials may be fumed with a source
of carbon such as coal, to recover lead and zinc and to raise heat from the process [tm 120 TU
Aachen 1999].

Cyclone or converter type furnaces are used to raise the temperature above 1200 °C to volatilise
the metals and then form the oxides that are then recovered from the gases in afiltration stage.
The cyclone furnace is operated with oxygen enriched air but the converter is operated with sub-
stoichiometric air. Excess heat is produced and this is recovered in a waste heat boiler and
electricity is generated. The slag produced is used for construction purposes.

5.1.7 Melting and alloying processes for zinc

Médting and dloying are usudly carried out in indirectly fired crucible furnaces or induction
furnaces, temperature control is practised to ensure that zinc is not volatilised forming fume.
The fud is usually either gas or oil. The gas or oil burner can be located outside the crucible,
which is encased in a combustion box, or inside the crucible as an immersion tube heater [tm
13, HMIP Zn 1993; tm 101, NL Zn 1998].

In both cases, temperature control is critical, as the casting temperature must not exceed 450 °C
for most aloy compositions to avoid metd loss by fuming.

Alloy additions are usualy made as solids, but in certain operations molten duminium is added
from an adjacent melting furnace.
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When aloys are made from impure raw materias, fluxes are needed to absorb the impurities.
The standard flux used contains zinc chloride, magnesium chloride and sodium silico-fluoride.
The use of this flux results in the emission of gaseous slicon tetrafluoride, which is removed by
wet scrubbing.  The tetrafluoride is decomposed to form hydrogen fluoride that is absorbed by
the scrubbing medium.

5.1.8 Casting processes for zinc

Zincismelted in electric furnaces and temperature control is practised to prevent fuming. The zinc
bath is periodically skimmed to remove solids (‘dross: zinc oxide and zinc chloride). A flux is
often added to reduce theloss of zinc in the 'dross. The dross can be recycled within the ISF or to
the roaster in the electrolytic zinc process.

Metd is usudly cast into permanent moulds that are commonly made of cast iron. Stationary or
continuous conveyor casting machines are used.

Static moulds and conveyor casting machines are used to produce blocks and ingots. Continuous
casting machines are used to produce rod for reduction to wire.

5.1.9 Production of zinc dust

Zinc dust is produced as a product for other industrial processes and as reagent for use during
the leach liquor purification route. Molten zinc produced by the same techniques outlined
above is sprayed under pressure through an atomising nozzle and is then rapidly cooled in an
inert atmosphere to produce dust [tm 120 TU Aachen 1999]. Air, water or centrifugal
atomisation of a stream of molten zinc can also be used to produce dust. The dust is removed in
bag filter system and conveyed to the process or packaged.

5.1.10 Cadmium

5.1.10.1 Production of cadmium from lead and zinc processes

Cadmium is produced as a by-product from many of the metal recovery processes. The
production of zinc and lead are the main sources [tm 120, TU Aachen 1999].

In the Imperial Smelting Furnace (ISF), cadmium is recovered via two separate routes. Some
cadmium follows zinc and is eventualy recovered as condensate from the second stage
digtillation. The balance is recovered from the flue dust from the gas cleaning section that
precedes the sulphuric acid plant. It is leached with sulphuric acid and is then stripped from this
liquor.

Cadmium cementate, recovered from the purification of zinc solutions are also refined hydro-
metallurgicaly. In this process the cementate is leached in a sulphuric acid medium, the
solution purified, and cadmium metal eectrowon. The purified ZnSO, solution is returned to
the main zinc circuit.

Cadmium is dso recovered as cadmium chloride liquor by an ion exchange process. The liquor
is directed to an immersed trommel with high-grade zinc strip that starts an exchange reaction
and results in the production of cadmium sponge and zinc chloride liquor. The sponge, which
can aso be produced from sulphate solutions is melted with caustic soda (sodium hydroxide)
flakes to remove remaining zinc and the product is cast and sold or if impure, sent to further
cadmium refining. Cadmium can aso be recovered as the carbonate and electro-winning
techniques can be used to recover it.
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In the cadmium refinery, cadmium from both routes is combined and digtilled a high
temperature. The condensate is cadmium containing approximately 1% zinc and the run-off is
high grade zinc. The distilled cadmium is melted with caustic soda and sodium nitrate to
remove residua zinc. Cadmium recovered from hydro-metallurgical routes is treated in a
smilar way but a vacuum distillation stage is aso used.

5.1.10.2 Production of cadmium from batteries

The other main source of cadmium is from the recycling of Ni-Cd batteries. Several recycling
initiatives exist and they supply batteries to the industry for automatic sorting and recovery. Ni-
Cd batteries are first of al pre-treated thermally to remove plastic coatings and open the battery
cases. The opened batteries are then heated in a closed retort to volatilise and then condense the
cadmium, which is then cast into moulds. Nicke and iron residues are then recycled. Each of
the process stages uses high quality extraction and abatement systems to remove dust, metals
and VOCs such as dioxins. The processis dry and isisolated from the drainage system.

5.1.11 Production of other metals (In, Ge, Ga, As, Te, Sb, Bi)

Other metals are sometimes present in the concentrates that are used for zinc and lead
production. They tend to be concentrated in the dags, drosses, flue dusts and residues produced
during processing and these residues comprise the feed material for these metals.

Recovery processes can be complex and many are commercialy confidential. The processes
combine several techniques such as leaching, cementation, solvent extraction, chlorination,
electro-winning and vacuum didtillation. These techniques can be followed by zone refining
and crystal growth techniques to produce ultra pure metals.
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5.2 Present Emission and Consumption Levels

The main environmental issues of the zinc and lead industry are air and water pollution and the
generation of hazardous wastes. The facilities generally have their own wastewater treatment
facilities and wastewater recycling is usually practised. Many wastes are reused but the mgjor
item is leach resdue that has a high environmental impact [tm 101, NL Zn 1998; tm 102, DFIU
Zn 1999]. Some loca aspects, like noise, are relevant to the industry. Due to the hazardous
nature of some solid and liquid waste streams, there is aso a sgnificant risk for soil
contamination.

The following tables give input and output balances for some lead and zinc plants in Europe.

Input [Val Output [t/al
Primary raw materials 125000 Zinc 100000
Secondary raw materials 125000 Lead bullion 35000
Coke 100000 Sulphuric acid 125000 -
200000
IS furnace slag 70000
Cadmium carbonate n. a
Table5.3: Input and output data for an | SP plant (1998)
[tm 102, DFIU Zn 1999
Inputs [t/a] Outputs [t/a]
Battery Tead paste others 82000 Lead 90000
Lead concentrates 40000 Sulphuric acid 25000
Recycled flue dusts 34000 Sag 10000
Huxes 3500 Mercury resdue 20
Cod or coke 7100 Fue dust (recycled to the 34000
furnace)
Oxygen 13300
Table5.4: Input and output data for the | SA Smelt furnace (lay out and preiminary data)
[tm 102, DFIU Zn 1999
Input [t/a] Output [t/a]
L ead-containing meterials 130000 Lead bullion 90000
Huxes (limestone, ...) 20000 Sag 90000
Nitrogen 12500 Sulphuric acid 60000
Oxygen 46000 Dore slver 250
Cod (dus)) 12000 Calomd 2-5
Neatural gas 1300 Zinc-cadmium carbonate 1I00—-150

Table5.5: Input and output data for the QSL plant (1997)
[tm 102, DFIU Zn 1999]

354



Annexes

[nput Output

Melting materials [t/t Pb] 212 | Products
Battery scrap [%] 63 Lead and lead aIons [t/t Pb] 1
Other melting [94] 2T | Battery paste [Tt P 05
materias
Bullion, scrap lead [0] 16 | Polypropylene [TT PO 0.07

compounds
Reagents [UT Po] 0.14" | Residues
Sted borings [9%] 46 | Reddud plastics [/t Po] 0.10
Petrol coke [90] 32 | Sag [UT PO 023
Soda (%] 22" | Others

Exhaust gases [Nm3/t Po] | 70000
Others:. Electric [MWnhit 0.26
energy P
Natural gas [MWH 119

Po]

PP chips (external) [UT PO 0.04

Table5.6: Input and output data for a battery recovery plant without de-sulphurisation (1998)
[tm 102, DFIU Zn 1999]

Input Output
Melting materials [t/t Pb] 141 | Products
Battery scrap [90] 79.0 | Lead and lead dloys [TT PO 1
Other melting [%0] 3.8 | Sodium sulphate [Vt PO 0.096
materias
Bullion, scrap lead [9%] 16.6 | Polypropylene chips [/t Po] 0.051
Flue dust incinerator [%] 0.6 |Residues
Reagents [VT PO 0.307 | Residua plastics [TT PO 0.108
- NaOH [%%] 49.8 | Metdlurgica dag [Vt PO 0.18
Sted borings [%0] 9.4 | Others
Exhaust gases [Nm3/t Pb] | 37000

Petrol coke [%0] 17.6
Soda [%0] 231
Others [MWh/t 0.20
Blectric energy Pb]
Natural gas MW/t 0.73

Po]
Steam [MWH 034

Po]

Table5.7. Input and output data for a battery recovery plant with de-sulphurisation (1998)
[tm 102, DFIU Zn 1999]
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Input [t/a] Output [t/a]
Battery scrap 65000 Refined Tead and dloys 28000
Battery plaies 2000 Battery pasie 32500
Scrap Tead 6000 PPTine grans 2750
Ebonite and separators 3500
Sag 3300

Table5.8: Input and output data for a battery recovery plant with paste removal (1998)

[tm 102, DFIU Zn 1999]

I nput [per tonnelead Output [per tonnelead
bullion] bullion]

Used batteries, dry TIO0O Kg Cead bullion TO00 Kg
Other Tead scrap, waste [ 320 kg Flue dusts 32kg
Fuxes (Iimestone) 14 kg Excess dag S0kg
Coke (foundry coke) 109kg Return dag 500 kg
Other Inputs (iron) 67 kg Off-gas 18200 Nn¥
Lead carbonate (from |40 kg [ron/lead mette 140 kg
flue dust treatment)
Slag (return) 500 kg
Oxygen Z3 NP
Natural gas 15 Nnme
Electrical energy 107 kWh

Table5.9: Input and output datafor a battery recovery plant with whole battery smelting (1998)

[tm 102, DFIU Zn 1999]

Material

Description

Feed

Concentrates (50 - 55% Zn)

Products

Zinc (99.99%)
Cadmium
Sulphuric Acid

Waste

Goethite or Jarosite 30 - 40000 T7a
Neutralised acid dudge (specia waste or
recirculated)

Intermediate Products

Po/Ag resdue 12000 T7a
Cementates
Neutral Leach Residue

Typica Production

Zn 100000a
Sulphuric acid 175000 t/a
Cd 300 t/a

Table5.10: Typical datafor azinc dectrolysisplant. Roast - Leach — Purification - Electrolysis

[tm 102, DFIU Zn 1999]
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M etal% Zn Neutral Copper Pb/Ag Jarosite** | Goethite
Concentrate L each Cementate | Residue * *x
Residue * *
Zn 53 16- 27 59 58 2-6 4-9
Fe 7.3 15-3H 9 20-32 31-43
Pb 106 3.0 10- 25 <? <?
S 32 3-11 4 10- 13 2-5
Cu 0.6 0.3-24 55 0.1 <02 <0.3
Cd 0.24 01-03 0.3 0.2 <01 <01
Ag 0.01o 0.030 0.115 <0.01 <0.01
S0, 1.7 4.0 12

Note. * Composition, may vary depending on feed concentration and treatment.

** Amounts depend on Fe content of the feed.

Table5.11: Typical composition of feed and productsfor a zinc electrolysis plant

Inputs t/a Outputs t/a

Zn Residues (EAF 90000 Waelz Oxide 33000

dust etc)

Coke Breeze 225000 Sag /0000

Slica Sand 13000 Kiln Gas (n’7a) 30000

Sodium Carbonate 3300 Treated Water (nr'/a) 150000

NaHS (m°/a) 11

Industrial Water (nr/a) =00000 Treated Oxide 30000

Natural Gas (Th 000/a) 7900 Zinc Content 19500

Electrical Energy o/00

MWh/a

Diesd OIl (nr/3) 440

Table5.12: Input and output data for a Waelz kiln using a two stage oxide leaching process

Inputs [t/a] Outputs [t/a]
Retort resdue, dry 27700 Wadz oxide 17000
Zinc carrier, dry (EAF dus;, ...) 33700 SED) 28200
Coke breeze 10800 Clean gas 70000 — 90000

[Nm?¥/h]

Slica 7500
Sweepings, rubble 2100
Air [Nm¥h] 5000 — 10000
Lime 1000
Electrical energy [MWh/a] 4620
Natural gas [Nm#¥/a] 92000

Table5.13: Input and output data for a Waelz plant (1996/97)

[tm 102, DFIU Zn 1999]
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5.2.1 Energy

The energy requirement for the different lead and zinc processes varies to a large extent. It
depends on the quality of the feed and the products, the use of latent or waeste heat and the
production of by-products. The following two tables show the average energy requirements of
the different processes.

Process Electric Coke Coal | Nat Gas Fuel O, Iron
kWh/t Pb | kgt Pb | kgt | Nmft eIl Nmt | Ko/t Pb
Pb Pb I/t Pb Pb
Pb shaft furnace. | 180- 300 | I50- 225 50-70 120- 170
Primary
Pb shaft furnace. 50 100 - 140 35 1 65- 110
Secondary
Rotary furnace 160 60 65 90 30
Secondary with
CX system and
Na,SO,
production
QSL * 100 20 330
Kivcet 250% 105 pis) 450
TBRC 450 - 550 40 30 140
* Totally or partially covered by waste heat conversion
Table5.14: Energy requirement of variouslead processes
Process Energy related | Electrical Coke Natural gas
to: - KW/h per t kglt Nm?3/t
Zinc decirolyss tzinc 4100
ISF & NJdidillaiion tzinc 1050 1100 220
t Metal 750 785 160
Wadz kiln t WO Teached 200 850 20
Sag fuming tdag 150 250

Table5.15: Energy requirement of various zinc processes

5.2.2 Emissions to air

The emissions can escape the process either as stack emissions or as fugitive emissions
depending on the age of the plant and the technology used. Stack emissions are normally
monitored continuoudy or periodically and reported.

The main emissonsto air from zinc and lead production are: -

sulphur dioxide (SO,), other sulphur compounds and acid mists;
oxides of nitrogen (NO,) and other nitrogen compounds;

metas and their compounds;

dust.

VOCs and dioxins.
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Other pollutants are considered to be of negligible importance for the industry, partly because
they are not present in the production process and partly because they are immediately
neutralised (e.g. chlorine) or occur in very low concentrations. Emissions are to a large extent
bound to dust (except cadmium, arsenic and mercury that can be present in the vapour phase)
[tm 101, NL Zn 1998].

The sources of emissions from the process are: -

roasting (Most emissions occur during unscheduled shutdown);
other pre-treatment (battery breaking);

transport and handling of material

smelting and refining;

leaching and purification;

eectrolyss,
casting;
sulphuric acid plant.

Component | Roasting L eaching Electrolysis Battery | Casting | Sulphuric
sintering and Breaking etc. acid
smelting | purification plant

Sulphur oo . e (acid Mis) . . oee

oxides

Nitrogen oF . .

oxides

Dust and eee™ ° ° XY YY)

metals

VOCand o(e0)*F oF

dioxins

Note. eee moresgnificant ....................... * [ess sgnificant.

*The direct emissions from the roasting or smelting stages are treated and/or converted in the gas cleaning steps and
sulphuric acid plant; the remaining emissions of sulphur dioxide and nitrogen oxides of the sulphuric acid plant are still
relevant. Fugitive or non-captured emissionsare aso relevant from these sources. Secondary smelting of battery pasteis

asource of SO..
** Dioxins and VOC may be present if secondary materials are used that contain dioxins or are contaminated with

organic materials. VOCs may also be present during solvent extraction processes used for the production of Ga, Ge etc.

Table5.16: Significance of potential emissionsto air from lead, zinc and cadmium production

Besides process emissions, fugitive emissions occur. The mgor fugitive emission sources are
[tm 101, NL Zn 1998]:

dust from storage and handling of concentrates (10 t/y);

leakage from roasters and smelters;

dust from the exhaust gases of leaching and purification vessels (1 t/y);
exhaust gases of cooling towers of the leaching and purification units (0.7 tly);
exhaust gases of cooling towers of the electrolysis process (08 tly);

dust from the exhaust gases of casting furnaces (1.8 tly);

miscellaneous (0.7 tly).

Although fugitive emissions are difficult to measure and estimate there are some methods that
have been used successfully (section 2.7). The following table gives some emission data based
on the upgrading of alead process from blast furnace to ISA Smelt [tm 102, DFIU Zn 1999] and
illustrates the potentialy high level of fugitive emission.
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Conventional plant (1990) | ISA Smelt plant (1997) Reduction rate

[kg/a] [kg/a] [%]
Emissions |Controlled | Fugitive | Total Controlled | Fugitive | Total | Controlled| Fugitive | Total
Lead 5236 19555 24791 911 540 1451 83 97 94.1
Cadmium 330 242 572 381 0.24 4.05 99 >99 99.3
Antimony 151 309 460 25.8 177 27.52 83 >99 94
Arsenic 77.6 141.5 219.1 4.03 1.55 5.58 95 99 97.5
Thallium 219 16.1 38 1.27 <0.01 1.27 94 >99 96.7
Mercury 16.7 04 171 0.87 <0.01 0.87 95 >97 95
Sulphur 7085 - 7085 140.4 - 140.4 98 - 98
dioxide[t/a]

Note — Preliminary data for the ISA Smelt plant. L ead production 1990 - 96724t; 1997 - 86941t.

Table5.17: Significance of plant improvementson fugitive emissions

5.2.2.1 Sulphur dioxide and other sulphur compounds

The mgjor sources of sulphur dioxide emission are fugitive emissions from the oxidation stages,
direct emissions from the sulphuric acid plant and the emission of residua sulphur in the
furnace charge. Good extraction and sealing of the furnaces prevents fugitive emissions and the
collected gases from oxidation stages are passed to a gas cleaning plant and then to the sulphuric
acid plant.

After cleaning, the sulphur dioxide in the gas from the sintering, roasting or direct smelting
stages is converted to sulphur trioxide (SO;). The efficiency generaly lies between 95 to 99.8%
depending on the sulphuric acid plant used (single or double absorption) and the concentration
of sulphur dioxide in the input gas and its variation or stability. SO, concentrations in the off
gas from 200 - 2300 mg/Nn? can be emitted. A very small amount of SO, is not absorbed and
is emitted together with the SO,. During start yp and shut down there may be occasions when
weak gases are emitted without conversion. These events need to be identified for individua
ingtalations, many companies have made significant improvements to process control prevent
or reduce these emissions [tm 101, NL Zn 1998; tm 102, DFIU Zn 1999].

Lead sinter and some secondary raw materials contain residual sulphur and sulphates. It has
been reported [tm 129, Maddlin 1991] that 10% of the sulphur content of lead concentrate
remains in the sintered materia that is fed into the furnaces. Similarly, the sulphate content of
battery scrap may be significant depending on the way it is pre treated and whether the paste is
included. In most cases the sulphur is fixed in the dag or in other by-products. The extent of
fixation depends on the fluxes used and the other metals associated with process, for example
copper matte may be produced when Pb/Cu concentrates are treated together. Pb/Fe matte is
produced under reducing conditions when iron turnings are added. In other cases SO, may be
emitted and may need further treatment.

During electrolysis, emissions of aerosols (diluted sulphuric acid and zinc sulphate) takes place
to the hall. These emissions leave the cell room via the (natura) ventilation or fram the cooling
towers. The emission is small compared with the emissions from the sulphuric acid plant but as
they are in the form of an aerosol form, they can be dealt with in mist eiminators or dust
abatement [tm 101, NL Zn 1998]. Some processes use coverings for the cells such as foam or
plastic beads to reduce mist formation [tm 139, Finland Zn 1999]. One plant has been recently
modified to improve roasting and to collect fugitive emissions from the whole of the process.

Sulphur dioxide emissions were reduced from 3000 to 1200 g per tonne of metal produced.

Emissions from other processes are shown below.
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Process Product Total Metal Sulphur Dioxide
Production produced

Tonnes per year g/t of Metal

Roasting & Zinc 105000 to 235000 2500 to 5500

Electrolyss

ISk and sinter plant. | Zinc + Lead 100000 Zn 5000 - 9000

45000 Pb

QSC Cead 90000 1000

[SA Lead 90000 7500

Battery — Whole Cead 35000 7800

Battery — De Lead 35000 to 40000 1070 to 2000

Sulphurised Paste

Battery — paste Cead 35000 3200

excluded

Batteries + Extra Cead 10000 210 (FGD system)

Paste

Lead shalt furnace Lead 110000 Po 10000 — 45000

and sinter plant

Batteries— MA Lead 33000 0600

process

Table5.18: Sulphur dioxide production fr om several zinc and lead processes

Mists from battery breskers can also be responsible for smilar emissions. Emissions from the
smelters using battery-derived materia contain SO, the concentration depends on whether the
paste is smelted or is de-sulphurised first or is fixed with the dag. Typica figures are 50-
500mg/Nn? [tm 102, DFIU Zn 1999].

5.2.2.2 Nitrogen oxides

The roasting and smelting stages are potential sources of nitrogen oxides (NO,). NO, may be
formed out of nitrogen components that are present in the concentratesor as thermal NO,. The
sulphuric acid produced can absorb a large part of the NOx and this can therefore affect
sulphuric acid qudity. If high levels of NO, are present after the roasting stages, treatment of
the roasting gases may be necessary for reasons of product quality and environmental reasons.
Other furnaces that use oxy-fuel burners can aso show areduction in NO,. The range for all of
the processes is 20 to 400mg/Nn.

5.2.2.3 Dust and metals

Dust carry over from the roasting and smelting processes are potential sources direct and
fugitive emissions of dust and metals. The gases are collected and treated in the gas cleaning
processes of the sulphuric acid plant. Dust is removed and returned to the process.

The gases leaving splash condensers in the ISF, from digtillation columns and from the tapping
points are also potential sources. Good extraction and abatement is needed at these points to
prevent fugitive emissions. Slag treatment and quenching aso gives rise to dust. The range of
dust emissions from these captured sources is < 1 to 20 mg/Nn?. The slags and drosses
produced during the recovery of lead from batteries can contain Sb, when these residues become
wet, there are potential emissions of stibine which is a poisonous gas.
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Process Product Production Zincgramsper | Pb gramsper

(tonnes) tonne of metal | tonne of metal

Roasting Zinc 130000 Zn 10

Roasiing Zinc 215000 Zn 75

Roasing Zinc 235000 Zn 75

Roasting Zinc 105000Zn 11

ISF and sinter plant Zinc + Lead 100000 Zn 30-90 5-40
45000 Pb

QSL Lead 90000 Po 7.2 10-20

ISA Smelt Lead 90000PD - 10- 30

Battery — Whole Lead 35000 Po <15

Battery — De Lead 40000 Pp 10

Sulphurised Paste

Battery — De Lead 35000 Po 5-25

Sulphurised Paste

Battery — Oxide paste | Lead 35000 Pb 5-25

sld

Batteries + Extra Lead 10000 Pb 5-25

Paste

Battery — MA Lead 33000 - 20

Lead shalt furnace Lead 110000 Po <20 00 - 130

and sinter plant

Roasting Zinc 21000 Zn 70 2

Table5.19: Massrelease of metalsfrom some European processes (controlled emissions only)

De-agration of vessals in the leaching and purification stages can emit dust and metals. Arsine
can be emitted from the purification stages of zinc. Cadmium can be emitted from the
digtillation stages and the cadmium plants.

Emissions of aerosols takes place in the cell room and battery breakers and can contain metals.
The range of mist and dust emissions from these sources is 0.1 to 4mg/Nnr.

The mdting, aloying, casting and zinc dust processes are potential emission sources of dust and
metals. The range of dust emissions is reported to be 200 to 900mg/Nn? in the crude gas [tm
101, NL Zn 1998; tm 102, DHIU Zn 1999]. Fume collection and abatement systemsare used and
cleaned gas values are below 10mg dust/Nn? [tm 102, DFIU Zn 1999].

Metals are associated with the dusts emitted, approximately 50% is zinc. Cadmium and lead are
not present when pure zinc is melted, aloyed and cast.

5.2.2.4 VOCs and dioxins

The formation of dioxins in the combustion zone and in the cooling part of the off-gas treatment
sysem (de-novo synthess) may be possible in some processes particularly if plastic
components are included in the secondary materials that are fed into a process. Dioxins have
also shown to present in some dusts from Waelz kilns treating EAF dust.

5.2.3 Emissions to water

Metals and their compounds and materias in suspension are the main pollutants emitted to
water. The metals concerned are Zn, Cd, Pb, Hg, Sg, Cu, Ni, As, Co and Cr [tm 26, PARCOM
1996; 28, WRC 1993 tm 101, NL Zn 1998; tm 102, DFIU Zn 1999].
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Other significant substances are fluorides, chlorides and sulphates.

metals;
materiasin suspension;
chlorides, fluorides, sulphates.

Possible wastewater streams are;

Waste water from wet scrubbers,

Waste water from wet electrostatic precipitators,

Waste water from the mercury-removal step;

Wastewater from battery breaking and classification stages;
Wastewater from slag granulation;

Wastewater from various hydro-metallurgical processes,
Anode and cathode washing liquid effluent;

Sedling water from pumps;

Genera operations, including cleaning of equipment, floors, etc.;
Discharge from cooling water circuits,

Rainwater run-off from surfaces (in particular storage areas) and roofs.

Wastewater from the gas cleaning of the smelter and fluid-bed roasting stages are the most
important sources. Other sources are the process effluent from electrolysis, battery breaking and
cleaning plus miscellaneous sources.

5.2.3.1 Waste waters from abatement plant

Generdly wet gas cleaning systems operate with liquid recycling. A monitored bleed keeps
suspended solids and dissolved sdts within certain defined limits. The bleed is either treated
separately or in an integrated water treatment plant to remove solids and dissolved species
before discharge. The dedtination of the separated material depends on the origin of the
wastewater.

Wet scrubbers after the roasting process are operated with a SO,-saturated acidic solution. The
scrubber removes fluorides, chlorides, most mercury and selenium and the some particles that
pass the mechanical gas treatment. To avoid the build up of contaminants, some liquid needs to
be bled continuoudy from the scrubber. Dissolved SO, is removed during treatment prior to the
discharge.

Wet dectrodtatic filters will aso produce an acidic scrubber liquid. This is recycled after
filtering. Some liquid needs to be bled from this circuit to remove build up of contaminants.
This bleed liquor is treated and analysed before discharge [tm 101, Personal Discussions 1998].

The mercury-remova step involves a gas-liquid contact tank in which the liquid contains a
reagent that combines with mercury and removes it. Mercury chloride (HgCl,) is frequently
used and reacts with metallic mercury from the gas to form a solid Hg,Cl,-precipitate (so-caled
"calome"). The relatively clean liquid is discharged as wastewater for further treatment. The
solid Hg,Cl, is sold for mercury recovery or treated to produce mercury chloride again. The
following table provides an indication of the composition of the gas cleaning liquids before
treatment.
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Component Concentration Composition of
(dissolved) Suspended solids

Solids 250 — 1500 mg/|
Sulphaie I3=25g
Chloride 13-18¢g/l
Huoride 03-05gl
Mercury 0.1-9mgl 5—30% of suspended solids
Sdlenium 0.1-50mg/l 10 — 60% of suspended solids
Arsenic 5-95mgll < 0.05% of suspended solids
Zinc 0.1- 259/l 2 — 6% of suspended solids
Cadmium 1-95mg/l
Lead 1-13mygl 5 — 50% of suspended solids

Table5.20: Typical gas cleaning effluents

5.2.3.2 Battery recovery

The battery breaking and washing stages produces an effluent which is acidic and contains lead
and other metals in suspension and solution. This effluent is neutralised and the water is
recycled in the process. If possible the acid is used elsewhere. A portion is usualy bled from
the system to control dissolved sdts.

These processes aso poduce contaminated surface water and consequently this water is also
treated and reused. It is common practice to discharge a bleed of this sealed water circuit after
further treatment and analysis. Road and surface contamination is minimised by frequent wet
cleaning of roads, hard standing areas and lorries and by good practice in cleaning up spillages.

The quality and quantity of wastewater depends on the process used, the composition of the raw
materials that are used in the process and the practices used by the operators. The reuse of
process and rainwater is common.

5.2.3.3 Electrolyte bleed effluent

Electrolyte may be bled from the cells to control the build up of impurities e.g. magnesium, that
may have a detrimental impact on the operation of the electrolytic cells. For zinc production, the
flows in the eectrolytic cells belong to the same (closed) water circuit as the leaching and
purification stages. The sulphuric acid formed during eectrolysis is fed to the leaching process
and the remaining liquid is purified and fed to the eectrolysis [tm 101, NL Zn 1998; tm 102,
DFIU Zn 1999).

The effluent bleed of the eectrolytic-leaching-purification circuit is strongly acidic and contains
high concentrations of zinc and suspended solids. The volume of the bleed depends strongly on
the composition of the zinc concentrates that are used in the roasting. Components that tend to
build up in the circuit, especidly magnesium, will determine the bleed flow and the treatment
required.

5.2.3.4 Miscellaneous sources

The electrodes used during the electrolysis need to be rinsed periodicaly to remove deposited
material upon the surface. Manganese dioxide is formed on the surface of the anodes by the
reaction of oxygen with dissolved manganese. After rinsing of the anodes, the manganese is
separated from the rinse water for external re-use.
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Effluent| Flow Main components [mg/l]
Process [m¥a] | [m¥h] Pb Cd As Zn NI COD
Electrolyss 40-200| 0.0I- [ 0.00I- 0.0I-
0.5 0.3 6.0
ISP 380 - 0.05- [ 0005-1 0.005- | 0.05-
420 0.5 0.035 0.1 1.0
Wedz Kiln 150000 25 <02 [ <015] <05 <3.0 <20
with Oxide
Leaching
Plant
Weadz Kiln 00000 9-10 0.3- 0.05 - 0.6 -
0.5 0.2 1.0
CX + Rotary | 190000 12.7 012- | 0.06- 0.05 - 0.14- 01- 13-
Furnace 14 0.09 0.5 16 0.7 225
MA + Rotary | 124000 0.02 0.07 |<00005| 027 0.09
Furnace
Whole battery| 150000 40 0.4 0.01 | <0.001 0.01 <0.05 9%
Shaft Furnace| 1/000 <0.2 <01 <0.3
QSL 90000 10 0.1 <005] <0.05 0.3 <0.05 20
CX +Rotary | 46800 0.3 0.03 0.037 83
Furnace + Pb
refinery
Ausmdt 110000 13 001- [0001-] 0.001- ] 0O.01- 50 -
0.09 0.01 0.1 0.2 200

Table5.21: Typical wastewater analyses

Cathodes are cleaned after removal of the zinc or lead sheets. The anode and cathode washing
liquid effluents are acidic and likely to contain copper, zinc, lead and suspended solids [tm 101,
NL Zn 1998; tm 102, DFIU Zn 1999].
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Process unit Operation/sour ce Use/treatment options
Genera Rain water from roads, yards, Waste water treatment plant/reuse
roofs Waste water treatment plant
Wet cleaning of roads Recirculation, waste water treatment
Cleaning of lorries, ... plant
Battery separation Salls Used for the desulphurisation/waste
water treatment plant
Paste desulphurisation | Salls Used in the desulphurisation
process/waste water treatment plant
Smdtingand mditing | Cooling water from furnace, Recirculation
operation machinery and equipment
Sag granulation Wet ESP effluent Recirculation, waste water treatment

Granulation water

plant
Recirculation

Gas cleaning system

Condensate from gas cooling, wet

Removal of suspended dusts and reuse

ESP as feed, waste water treatment plant
Condensate from mercury removal | After mercury removal to waste water
treatment plant
Leakage Recirculation
Sulphuric acid plant | Cooling water equipment Recirculation
Leakage Waste water treatment plant
Cadmium plant Solution after cadmium remova Waste water treatment plant
Leakage Either to cadmium removal or waste
water treatment plant
Feed storage Surface water (rain/wetting) Waste water treaiment plant
Sinter plant Scrubber (Snter fine cooling) Waste water treafment plant
Roast gas cleaning Wet gas cleaning Waste water treatment plant
Cadmium Teaching Cadmium Teaching Woaste water treatment plant
IS furnace Gas cleani ng Waste water treatment pI ant;
Gas cleaning coke hesting recirculation
chamber Recirculation
Sag granulation Granulation waste water Recirculation, waste water treatment
plant
Roasting/roast gas Wet cleaning of roast gases Waste water treatment plant
cleaning
Leaching Generd operations including wet Return to Teaching
gas cleaning
Purification Generd operations Return to Teaching
Electrolysis Cleaning of cdls, anodes and Return to leaching

cathodes

All process units

Maintenance

Waste water treatment plant

Waste water treatment
plant

Eftluent treatment

Reusefor certain
applicationg/discharge

Table5.22: Summary Table of Potential Wastewater Sour cesand Options

Coaling water from the granulation of dag isusualy re-circulated in a closed circuit system.
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5.2.4 Process residues and wastes

The production of metas is related to the generation of several by-products, residues and
wastes, which ae also listed in the European Waste Catalogue (Council Decison 94/3/EEC).
The most important process specific residues are listed below.

Solid residues derived from various process and abatement stages may have one of three
possible destinations.

Recycling in or upstream of the process,

Downstream treatment to recover other metas;

Final disposal, if necessary after treatment to ensure safe disposal.

The following solid waste arisings are significant: -

The dectrolytic production of zinc is one of the main sources of solid waste in the non-ferrous
industry. Relatively large quantities of iron based solids are generated by the leaching process.
Jarosite and goethite are classified as hazardous waste because of the content of leachable of
elements such as Cd, Pb and As. The leaching and purification processes and eectrolysis of zinc
and the refining stages of lead also generate other metal rich solids. These are usudly richin a
specific metal and are recycled to the appropriate production process.

The ISF or direct smelting furnaces are aso significant sources of solid dags. These dags have
been subjected to high temperatures and generaly contain low levels of leachable metals,
consequently may then be used in construction.

Solid residues dso arise as the result of the treatment of liquid effluents. The main waste stream
is gypsum waste (CaSO,) and meta hydroxides that are produced at the wastewater
neutralisation plant. These wastes are considered to be a cross-media effect of these treatment
techniques but many are recycled to pyrometallurgical process to recover the metals.

Dust or dudge from the treatment of gases are used as raw materials for the production of other
metals such as Ge, Ga, In and As etc or can be returned to the smelter or into the leach circuit
for the recovery of lead and zinc.

Hg/Se residues arise at the pre-treatment of mercury or selenium streams from the gas cleaning
stage. This solid waste stream amounts to approximately 40 - 120 t/y in atypical plant. Hg and
Se can be recovered from these residues depending on the market for these metals.

5.2.4.1 Leaching residues

The production of iron based solids (goethite, jarosite or hematite) accounts for the greatest
volume of waste depending on the process used. The compodtion is shown in the following
table [tm 101, NL Zn 1998].
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Process Fe% Zn% Pb% Cu% Cd%
Hemalite (with integrated direct 65-67 | <0.2 <0.01 <0.02 <0.01
leaching)
Hematite (without direct Teaching) 59 1 0.01 0.02 0.02
Goethite 40- 42 5-0 <2 <03 <01
Para-goethite 40 n.a n.a n.a n.a
Conventiond jarosite 20- 30 2-6 0Z2-6 <0.2 0.05-
0.2
Low contaminant jaroste 32 0.3 01 0.2 0.001
Dor jaroste 26 1 4 0.08 0.05

n.a = not avallable

Table5.23: Example compositions of different types of residues
[tm 101, NL Zn 1998; tm 120, TU Aachen 1999]

Typicaly, these residues account for: -

Jarosite - 0.35 to 0.80 tonnes per tonne of zinc produced.
Goethite - 0.3 to 0.35 tonnes per tonne of zinc produced.
Haemetite — 0.2 tonnes per tonne of zinc produced.

Haemetite processes have been unable to compete in economic terms as the process is
significantly more complex and expensive to operate. In addition, haemetite has not proved to
be acceptable as araw material in other industries.

There are gtill some leachable metals in durry after filtering and washing. The residue can be
treated to a less leachable form with neutralisation and sulphide treatment. The disposal of these
residues can be considerable cost as specialy constructed, lined ponds or isolated areas are used
to contain the material. Particular care is taken about leakage and these ponds have a maor
need to monitor groundwater [tm 101, NL Zn 1998; tm 102, DFIU Zn 1999]. There is a

significant cross media effect compared to processes that are capable of producing an inert
residue.

Asreported earlier in 5.1.5.2, leaching residues can be treated in ISF or Wadlz Kiln.

Pyrometallurgical treatment of these residues is also practised in Korea to produce a non-
leachable dag and recoverable meta oxides [tm 41 & 43, Ausmdt 1997], problems with
contaminant build up have been reported [Zn Expert response to ¥ Draft, 1998]. Other
developments are reported in Emerging Techniques.

5.2.4.2 Pyrometallurgical slags and residues

Slags from the Blast Furnace, 1SF, Direct Smelting and Waelz kiln processes usualy contain
very low concentrations of leachable metals. They are therefore generally suitable for use in
congtruction [tm 102, DFIU Zn 1999]. The dag output is between 10 and 70% of the weight of
the metal produced dependant on the raw materials used.

Slags from the battery processing plants account for 13 to 25% of the weight of lead produced.
They may be suitable for construction uses depending on the leachability of the metds they
contain. The leachability is influenced by the fluxes used and the operating conditions [tm 102,
DFIU Zn 1999]. The use of sodium based fluxes (Na,COs,) to fix sulphur in the dag causes an
increase in the quantity of leachable metals. These dags and drosses from battery recovery
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processes can contain Sb. Thisis normally recovered but storage in damp conditions can cause
the emission of stibine.

A number of standard leachability tests are used by Member States and these are specific to the

Country in question.

Component | Eluate (according to DEV$4)
[mg/l]

Zn 002-0.1

Pb 0.005-0.1

As 0.001 - 0.02

Fe 0.05-0.2

Cu <0.001 -0.05

pH 7—11

Table5.24: Eluate values of granulated | Sfurnace dag

[tm 102, DFIU Zn 1999]

Eluate (according to DEV $4)
Component Waelz dag (mg/l)

Zn 0.05

Pb 0.02

As 0.008

Cro 0.002

Ni 0.005

Fe 0.5

Cu 0.05

F 1

Cl 5

pH 9.9

Table5.25: Eluate valuesfor acidic Waelz lag

[tm 102, DFIU Zn 1999]

Component Eluate (according to DEV$4)
(mg/l)
As 0.05
Cd 0.001
Cu 0.005
Pb 0.02-0.2
FeO <0.05

Table5.26: Eluatevaluesfor slag from QSL process

[tm 102, DFIU Zn 1999]
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Refining step Solid output Use/treatment options
Drossing/de-copperisng Copper dross Further processing to recover copper and Tead
Softening (Harris Harris dags HydrometalTurgical treatment for meta
process/oxygen softening) | Antimony dag recovery

Pyrometallurgical treatment for metal
recovery
De-slvering Zinc-slver crust Recovery of noble metals
De-zincing Zinc metd Reuse for de-Slvering
De-bismuthiang Bismuth crust Recovery of bismuth

Removd of akal metas and
dkdine-earth metals

Mg-Caoxide dross

Internd recycling as fTux

Finishing

Caustic dross

Internal recycling

Table5.27: Solid Material from therefining of lead bullion

The drosses and solids, removed during the zinc and lead melting and refining stages, contain
metals that are suitable for recovery.

5.2.4.3 Other materials

The battery processing plants also produce polypropylene from the crushed battery cases. The
total plastic content accounts for 11 to 20% of the weight of lead produced [tm 102, DFIU Zn
1999]. There are a number of plastics fabricating plants designed specifically for this materia
and they produce granular polypropylene for the automobile industry. Effective washing of the
polypropylene fraction and separation of other plastic components such as ebonite or PVC is

essential to produce products within specification.

The following tables show the use or treatment options for the residues produced by several

processes.
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Production step Product or residue Quantity Use or treatment
kg/t Zn option
Leach/electrolysis.
Roaster/sulphuric Sulphuric acid 1750 e
acid plant Steam 2000 Energy conversion
Hg-product 03-0.8 e
Acid dudge <05 Contrdled disposd
or back to roast
Leaching plant Neutral leach resdue 500 - 600 ToISF Wadzkiln
or hot acidic leach
Goethite or Jarosite 300 - 650 Controlled disposa
PbAg-concentrate 40- 120 Ag recovery
Fina resdue if 150 Contrdled disposal
Pb/Ag conc. removed
Purification Cadmium 2-4 e
Cu-cementate upto 10 e
Wastewater Precipitated. Sudge 10% Disposd or to
treatment Pb-/Zn-smelter
| SF
Sinter plant/sulphuric | Acid Judge 0.5 Controlled disposd
acid plant Hg-product 0.15 Depending on
composition, sde or
to controlled disposa
Flue dust 200 To Cd-plant
Sulphuric acid 1300 Se
Cadmium plant Cadmium carbonete 1o Sde
Thdlium sulphide 0.25 Controlled disposal
Leach residue 180 To sinter plant
mpend Smating SFdag 600 - 900 Sde or controlled
Furnace disposd**
Waste waier Precipitaied dudge 30 Recycled to Sinter
treatment plant
New Jersey
Distillation
Ciquation Cead I55%% To Pb refining or TSF
Hard zinc 25 - 50x** Return to ISF
As-remova Dross <I-% Returnto TSF
Waste gas treatment | Flue dust 10 Return to sinter plant

Note. * estimated value ** depending on quality and regulations. *** amount may vary with the feed.

Table5.28: Residuesfrom zinc processes
[tm 120, TU Aachen 1999]
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Production step Product or residue Quantity Use or treatment
kg/t Pb option
Sag fuming plant
Sag fuming Sag 700 Water resistant
construction
material
Matte 25-25 To Cu-smelter
Steam 2500 Energy conversion
Battery process —
short rotary
Physicd treaiment of | Na,SO, (CX) 140 Sde
batteries Battery paste (MA) 500 To primary smelter
Polypropylene 70- 80 SHe
Residua plastics 100- 130 Digposal or incineration
Smating Sag 150 - 200 Disposal
Flue dust 25-60 After treatment back to
Pb - smelter
Refining Dross 60-90 To primary smelter
Waste water Precipitated dudge Return to smelter
Battery process —
blast furnace
Feed preparation Spent acid 100 External use or
neutralisation
Shalt furnace FePb Matte <150 Sale to primary PoCu-
smelter
Slag 50 Road construction
500 Return dlag
Flue dust <50 Externa/internal
recycling
Refining Dross 80 Sdle to metal recovery
Primary lead shaft
furnace
Sinter machine Hue dust up to 100 After Cd-leachreturnto
sinter-machine
Return sinter up to 3000 Return to sinter-machine
H,SO,-plant H,S0, 600 Sde
Calomel Sde or to controlled
Acid dudge disposa
Cd-plant CdZn precipitate e
Shaft furnace Sag 500 + 600 return
Flue dust up to 80 Return to sinter-machine
Waste water Sudge 3 Partly return to sinter-
treatment machine

Table5.29: Residuesfrom lead processes
[tm 120, TU Aachen 1999]
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Production step Product or residue Quantity Use or treatment
kg/t Pb option
Kivcet process
Smlter Sag 700 Controlled disposal
Flue dust | 110 Return to smelter
Flue dust 11 100 To zinc-Leach
Steam 1300 Energy conversion
H,S0,-plat H,30, 1100 e
Caome <0.10 Se
Acid dudge 0.5 Controlled disposal
Water treaiment Sudge
Kaldo process
TBRC (Kado) Sag 350 To fuming
Flue dust 160 Return to smelter
Steam 700 Energy conversion
H,S0,plart H,30, 500 e
Calomel
Acid dudge
Water tfreaiment Sudge
QSL process
Smelter Sag 420 Road construction
Flue dust 60 Return to smelter
After Cd-leach
Steam 1300 Energy conversion
H,50, plat H,S0, 720 Sde
Cdome 0.02-0.05 Sde
Acid dudge 0.5 Return to smelter
Cd-plant CdZn-precipitate T1 e
Water treatment Sudge Return to smelter
[SA Smelt/Ausmelt
furnace
Smelter Prim. Slag 600 Return to smelter*
Fina dag 275
Flue dust 250 Return to smelter or to
leaching plant
Drosses 125 Return to smelter*
ZnO-dust 50 To zinc-smelter
Steam Energy conversion
H,30,-plant H,30, 350 Sale
Acid dudge <1 Return to smelter
Hg-precipitate 0.2 Calomel-production
Dust Teaching CdZn-precipitaie 11 To zZinc-smelter
Lead residue 40 Return to smelter
Water tfreaiment Sudge <5 Return to smelter

Note. * Special campaigns for slag reduction.

Table5.30: Residuesfrom direct smelting lead processes
[tm 120, TU Aachen 1999]
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5.3 Techniques to Consider in the Determination of BAT

This section presents a number of techniques for the prevention or reduction of emissions and
resdues as wel as techniques reducing the overdl energy consumption. They are dll
commercialy available. Examples are given in order to demonstrate techniques, which illustrate
a high environmental performance. The Techniques that are given as examples depend on
information provided by the industry, European Member States and the valuation of the
European IPPC Bureau. The genera techniques described in Chapter 2 “common processes”
apply to a large extent, to the processes in this sector and influence the manner in which the
main and associated processes are controlled and operated.

The control of furnace operating parameters and the prevention of fugitive emissions from
furnaces and the tapping and pouring processes is aso important. Techniques used by other
sectors are aso applicable particularly those relating to the use of sulphur recovery systems.

The techniques to consider on a site by site basis are strongly influenced by the raw materias
that are available to a dite, in particular the type and variability of the concentrate or secondary
raw materials, the metals they contain can be crucia to the choice of process. Some processes
have a dedicated single source of raw material but the mgority of ingtdlations in Europe buy
concentrate on the open market and need to maintain flexibility in processing a range of raw
materials. In a similar manner the standard of collection and abatement systems used
worldwide in the industry reflects loca, regiond and long-range environmenta quality
standards and direct comparison of the environmental performance of process combinations is
therefore difficult. It is possible however, to judge how a particular process can perform with
the appropriate, modern abatement eguipment.

The processes described above are applied to a wide range of raw materias of varying quantity
and composition and are also representative of those used worldwide. The techniques have
been developed by the Companies in this sector to take account of this variation. The choice of
pyro-metallurgical or hydrometalurgical technique is driven by the raw materias used, their
quantity, the impurities present, the product made and the cost of the recycling and purification
operation [tm 120 TU Aachen 1999]. These factors are therefore site specific. The basic
recovery processes outlined above therefore congtitute techniques to consider for the recovery
processes when used with appropriate abatement stages. The techniques to consider for
collection and abatement stages and other aspects of process operation and control are covered
in section 2.6, 2.7 and 2.8.

5.3.1 Materials storage, handling and pre-treatment processes

The raw materials are concentrates, secondary raw materials, fluxes and fuel, other important
materials are products, sulphuric acid, dags, dudges and process residues. Important aspects
are the prevention of leakage of dust and wet material, the collection and treatment of dust and
liquids and the control of the input and operating parameters of the handling and feeding
processes. The issues specific to this group are: -

The potentialy dusty nature of concentrates and fluxes means that enclosed storage, handling
and treatment systems may be needed in these instances. The dust generated by some crushing
operations means that collection and abatement may be applicable for this process. Similarly
granulation water may require settlement or other treatment prior to discharge

Concentrates are mixed with fluxes to produce a fairly constant feed therefore the general
practice is sampling and anaysis to characterise the concentrates and store individual
concentrates separately so that an optimum blend can be prepared for smelting.
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Feed blends can be prepared from dosing bin systems using belt weighers or loss in weight
systems. Fina mixing and homogenisation can take place in mixers, pelletisers or in the
conveying and metering systems. Enclosed conveyors or pneumatic transfer systems are used
for dusty material. Hot gas rotary dryers or steam coil dryers can be used if the process requires
a dry feed, steam coil dryers use waste heat from other parts of the process provided that the
heat balance allowsit. The drier and associated dust abatement stage therefore depends on site-
specific conditions such as the reliability of the steam supply. Fabric or ceramic filters achieve
better dust removal efficiencies than EPs when used at this stage of the process.

Acid produced during the process can be stored in double walled tanks or tanks paced in
chemicaly resstant bunds. The treatment of acid dimes from the sulphuric acid plant and
weak acid from scrubbing systems depends on local processing or disposal requirements unless
thereisalocal use for the material.

Sludges and other metallic residues that are destined for recovery off site can be stored drums or
other suitable ways depending on the material. Sudges produced during the process that are
destined for on site disposal should be washed free of zinc or other metals and de-watered as far
as possible. Disposal facilities should be totaly contained and leak proof, they are subject to
local control and regulation. Water from the dudge containment areas can be returned to the
process.

There are a variety of secondary raw materials used and they range from fine dusts to large
singleitems. The metal content varies for each type of materia and so does the content of other
metals and contaminants. Batteries are a common source of lead and can contain acid, the
storage and handling therefore needs to take account of the acid content and any acid mists that
can be formed. Nickel cadmium batteries are usually dry but other batteries may be present and
leakage of eectrolyte is possible, this should be taken into account in the storage and separation
method used. The techniques used for storage, handling and pre-treatment will therefore vary
according to the material size and the extent of any contamination. These factors vary from site
to site and the techniques discussed in section 2.4 will be gpplied on a Site and materia specific
bass. The following issues apply to this group of metals.

The storage of raw materials depends on the nature of the material described above. The
storage of fine dusts in enclosed buildings or in sedled packaging is used. Secondary raw
materials that contain water-soluble components are stored under cover. The storage of non-
dusty, non soluble material (except batteries) in open stockpiles and large items individualy
in the open can be used.

Pre-treatment stages are often used to produce sinter or to remove casings or coatings and to
separate other metals. Milling and grinding techniques are used with good dust extraction
and abatement. The fine dust that is produced may be treated to recover other metals,
pneumatic or other density separation techniques are used.

Fine dusts can be stored and handled in a manner that prevents the emission of dust. They
are often blended and agglomerated to provide a consistent feed to the furnace.
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Material Storage Handling Pre-treatment Comment
Primary Raw
Materials.
Coal or Coke. Covered Bays, Covered conveyors
Silos. if non-dusty.
Pneumatic.
Fuel and other oils. | Tanksor drumsin | Secure pipeline or
bunded areas. manual system.
Fluxes. Enclosed (Silo) Enclosed Blending with
conveyors with concentrates or
dust collection. other material.
Pneumatic.
Concentrates. Enclosed Enclosed with dust | Blending using
collection. Closed conveyors.
conveyor or Drying or sintering
pneumatic.
Secondary
Materials
Fine Dust Enclosed or Closed conveyor or EAF dust
drummed. pneumatic.
Coarse dust (raw Covered Bays Mechanical loader. Qil collection if
materia or necessary
granulated slag)
Lump (raw Open Mechanical loader. Qil collection if
material or dag). necessary
Whole Items Open or Covered Mechanical loader. Qil collection if
Bays necessary
Batteries
- Lead Acid Covered storage Mechanical loader | Crushing or whole | Acid collection.
and conveyor. feed. Reuseif possible.
- Ni/Cd Sealed drums or Mechanical loader | Plastic removal and | Separation of Fe
containers and conveyor. pyrolysis and Ni
Products and
Resdues.
Acids: -
Waste acid Acid resistant Usein process or
tanks. neutralisation.
Product Acid Acid resistant Sde
tanks.
Products
-Cathodes, ingots Covered concrete Mechanical loader
and sows. area.
- Dust Drums or bags.
Process residues Covered or Depends on Appropriate
for recovery. enclosed depending | conditions. drainage system.
on dust formation. Potential of Sb and
Asto hydrolyse.
Wastes for Covered or Depends on Appropriate
Disposal. enclosed bays or conditions. drainage system.
sealed (drums)

depending on the
material.

Table5.31: Storage, handling and pre-treatment methodsfor lead, zinc and cadmium
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Sintering is used to prepare concentrates for some of the smelting processes up draft and
down draft sintering machines can be used and recent developments of a steel belt sintering
process may be appropriate. Collection of fume and gases is important and the up draft
sintering process is inherently easier for fume capture. Gases contain sulphur dioxide and
will have abatement and sulphur dioxide recovery processes down stream. The sulphur
dioxide content is usualy low and variable and this influences the design of the sulphuric
acid plant.

Zinc concentrates are roasted prior to hydro metalurgical processing. Fuidised bed
roasters are amost universally used and need good extraction and calcine removal systems.
Gases are treated in an integrated abatement and sulphur dioxide recovery processes.

5.3.2 Primary lead smelting processes

The lead smelting processes to consider are [tm 120 TU Aachen 1999]: -

For mixed lead and zinc concentrates after sintering - the Imperial smelting furnace
incorporating a splash condenser and New Jersey distillation column for zinc and cadmium
purification and separation. Sintering stages should have good gas collection.

For lead concentrates and some secondary raw materias - the blast furnace and the electric
furnace after sintering or roasting or smelting of the concentrates. The direct smelting
processes that use the Kaldo, I1SA Smelt/Ausmelt, QSL or Kivcet processes.

For mixed copper and lead concentrates - the electric furnace after roasting the concentrate

in afluidised bed roaster.

Furnace Gas Collection Advantages Disadvantages Comments
Blast Furnace Sami-sealed Robust Older technology — | Double bell seal in
110000 t/aPb metalurgica needs modern feed hopper or cold

performance process control top operation
Imperia Smelting Sedled Robust Older technology — | Double bell seal in
Furnace 100000 t/a metdlurgica needs modern feed hopper
Zn 40000 t/aPb performance. Use process control
of LCV gas.
ISA Smelt/Ausmelt | Sealed or Semi- Primary and Slag reduction High SO, in off
90000 t/aPb sealed secondary raw stage not gas. Mixed Cu/Pb.
materias commissioned
QsL Sedled Primary and Frequent tuyere Integrated process
90000 t/aPb secondary raw replacement with energy
materials. Process recovery. High SO,
isnow reliable. in off gas.
Kivcet Sedled Primary and High lead content Integrated process
90000 t/a Pb secondary raw of slag with energy
materials. Process recovery. High SO,
reliability not in off gas.
reported.
Kaldo Furnace Enclosed Primary and Expensive Mixed Cu/Pb
65000 t/aPb secondary raw materials.
materias

Table5.32: Overview of primary lead smelters

The abatement system to consider for primary smelting processes is dust remova and the
remova of other metals followed by the recovery of sulphur dioxide. This is usually achieved
by conversion to sulphuric acid in a double contact process with four or more passes, sometimes
a caesium-doped catalys is used. Conversion of part of the SO, into liquid SO, can be
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practised, with the balance being converted into sulphuric acid. The use of a single contact
plant or WSA process is a technique to consider for weak sulphur dioxide gas streams.

The gases are cooled (with heat/energy recovery) and cleaned before conversion. A
combination of coolers and hot electrostatic precipitators or a combination of scrubbers (radial
or jet) and wet EPs are used. Mercury recovery systems are employed using the techniques
discussed in section 2.8.

Sted bdt, up-draught or fully enclosed down-draft sintering processes are techniques to be
consdered. Sted belt sintering has several advantages for certain metal groups and can
minimise gas volumes, reduce fugitive emissions and recover heat.

5.3.3 Secondary lead smelters

The range of secondary materials and the variation in metal content and degree of contamination
has lead to the development of arange of smelters for secondary materials. The blast furnace,
the ISA Smelt furnace, the TBRC, the electric furnace and the rotary furnace are used for awide
range of materias [tm 120 TU Aachen 1999]. The furnaces mentioned above are techniques to
consider in the determination of BAT.

Severd of the techniques described in section 2.6, 2.7 and 2.8 are applicable to fume extraction
and abatement and the process control systems used by these furnaces. These techniques are
not routinely used by dl instalations at the time of writing. The process control system for
some blast furnaces is considered to be suitable for development.

Gases from secondary smelters contain some sulphur dioxide dependent on the source of the
material. In particular the desulphurisation of battery paste may be needed unless paste is
treated separately in a primary smelter or the sulphur can be fixed in a lead/iron matte or in the
dag using a sodium based flux or other fluxes that can perform the same function. If the
sulphur is not fixed a scrubber system may be needed. The gases can contain sgnificant
guantities of the more volatile metals such as antimony and cadmium etc. The abatement stages
for secondary smelting involves gas cooling (with heat/energy recovery), coarse particle
separation if necessary and fabric filtration. Sulphur dioxide removal and after-burning may be
needed depending on the composition of the furnace gases (e.g. VOCs and dioxins). The
collected dusts are recycled to recover metals.

In several instances there may be significant concentrations of organic materia (including
dioxins) depending on the raw materid used. For example EAF dust will have a high dioxin
content and whole battery feed (or incomplete separation) will provide a significant load of
organic carbon and chlorinated plastic material. After burning or carbon adsorption and high
efficiency dust removal may be needed in these cases.
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EXAMPLE 5.01 USE OF AN AFTERBURNER

Description: - Use of afterburner, cooling system and fabric filter to remove VOC, metals and
dust from a furnace off gas. The example used is part of a lead acid battery recovery system
that uses the pyrolysis products of the plastic content as fuel in the afterburner. The abatement
system incorporates an afterburner to destroy VOCs.

Figure5.10: Afterburner system used with awhole battery smelter

Main environmental benefits: - Destruction VOCs and recovery of energy from the off gases.
Removal of dust and metas from the off gas alows the filter dust to be returned to the furnace.

Operational data: -

Substancein the off-gas (65000 m*°/h) | Content
Dust [Mg/NIT| <10
Cead [My/NITH| <05
Cadmium [mg/Nm?| <005
Cabon, ., [MGNITT] <10
Sulphur dioxioe [mg/NmT] <500
Nitric oxide (NO, as NO,) [mg/Nmd] | <50
Carbon monoxide [mg/Nn <50
Hydrogen chioride (HCT) [mg/NI <5
Hydrogen fluoride (HF) [mg/Nie] <05
PCDD/PCDF (S TE, NATO) [ng- <01
TE/Nm?|

Table5.33: Performance data for after-burning

The off-gas amounts to 65000 Nm¥h. Emissions as dust, carbon monoxide and sulphur dioxide
are monitored continuously. Calcium hydroxide additive can be injected into the off-gas
channel, to prevent sulphur dioxide emissions peaks. The fabric filter dust has a lead content of
up to 65 wt-% and can be recycled back to the smelting furnace as input materia after chlorine
removal. In order to achieve this, the filter dust is treated externaly in a hydrometallurgica
process to produce lead carbonate. The lead carbonate is returned and fed as raw material to the
shaft furnace.
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Cross media effects: - Podtive effect reducing emissions, use of organic content as fuel.
Potentially negative by loss of plagtic and energy cost of replacement.

Economics: - Not available but data for a smilar system is in the annex on costs. Severa
plants are operating viably.

Applicability: - Most furnaces with high organic loading.

Example plants: - Germany, Belgium, and Sweden.

Reference literature: - [tm 102, DFIU Zn 1999, tm 120, TU Aachen 1999]

The following table gives an overview of the advantages and disadvantages of the secondary
smelting furnaces for various materials.

Furnace Gas Advantages Disadvantages Comments
Collection
Rotary furnace | Sedled during | Robudt, well Range of raw [ntegral Teeding
operation. established. meaterials. and tapping zone.
Charging area Potentid fugitive | Oxygen
hooded emissions. enrichment
Ausmdit/TSA | Tniegrd High smdiing ST devdloping Oxygen
Smdt hooding, rate. Wide range enrichment
sealed of raw materials
charging
system
Blast furnace | Sededvia Robust process. Process control Afterburner for
double bell or | Wide range of systems need organic materia
door. raw materials. devel opment and CO
Electric Sealed Low gasvolume. | Somefeed Aftterburner for
furnace restrictions. organic materia
and CO
TBRC Enclosed Compact, high Expensve Oxygen
system smelting rate. enrichment
Rotation gives
high reaction rate.
Note. In all cases abatement systems need to take account of the raw materials and their pre-treatment. After-
burning, sulphur dioxide removal, gas cooling and dust removal (fabric filter) will be used in various combinations
depending on the pre-treatment applied.

Table5.34: Overview of secondary smelting furnaces

The comparison of battery processing techniques has been made to assess the main process
types. Thereis a balance between the recovery of polypropylene from the cases and the use of
the plastic content as a fuel in the process. The most obvious comment is that the energy
content of the battery case needs to be compared to the energy cost of making the plastic and
moulding it. There are however local effects such as the existence of alocd outlet for PE and
other plastics and potential local uses of acid and heat and long range factors such as the
potential effects of sulphur dioxide. These factors must be assessed on a site-specific basis.

The other factor that needs to be determined at a local leve is the desulphurisation of battery
paste, the potentia for sulphur fixing in Pb/Fe matte or in the dag and the possible facilities for
smelting battery paste in another ingtalation. White dag produced by the use of soda based
fluxes may not be suitable for digposal localy. Other fluxes are available to fix the sulphur in
the dag and avoid soluble components but the details are not available at the time of writing.
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5.3.4 Slag treatment

Slag fuming and dag reduction stages that were discussed earlier as available techniques are the
techniques to consider in the determination of BAT. The specific feed materials will influence
the final process choice. The techniques discussed in section 2..8 that are appropriate to the
process are also techniques to consider.

5.3.5 Refining of lead

The processes that were discussed earlier as available techniques are all techniques to consider
in the determination of BAT. The specific content of other metals will influence the fina
process choice. The techniques discussed in Chapter 2 should aso be considered in conjunction
with these processes in particular temperature control of the kettles and fume collection and
abatement systems. Refining kettles are not considered suitable for melting scrap lead that is
contaminated with organic materials.

5.3.6 Primary zinc

The New Jersey Didtillation column is a technique to consider for the pyro-metalurgica
production of primary zinc used in conjunction with the ISF for mixed lead and zinc
concentrates.

Furnace Gas Advantages Disadvantages Comments
Collection

Zinc electro- Sealed roaster Proven performance | Iron precipitate
winning. 105000 —
235000t/aZn
Imperia Smelting Sedled Robust metallurgical LCV gasusage
Furnace performance
100000 t/aZn
40000 t/a Pb
New Jersey Sedled Integrated with | SF Blockage problems | Process control
Distillation for zinc production and vibration
Column 20000 to Proven performance detection needed
100000 t/aZn

Table5.35: Overview of primary zinc smelters

The hydrometallurgical processes are very important in the production of zinc. The processes
that were discussed earlier as available techniques are all techniques to consider in the
determination of BAT [tm 120 TU Aachen 1999]. The specific feed materials will influence the
final process choice. As reported earlier the Goethite process relies on a low iron content of the
cacine (or ZnO) used for precipitation while the Jarosite process is able to give good zinc
recoveries even with a high iron content (up to 10%) [tm 139, Finland Zn 1999). In both cases
effective washing of the precipitated iron is needed. The techniques discussed in Chapter 2
should also be considered in conjunction with these processes.

Because the hydrometallurgical processes involve leaching and electrolytic stages adequate
disposal of leached material and eectrolyte bleed needs to be considered. The connection of
reactors and filters to suitable scrubbers or de-misters should be considered to prevent the
emission of aerosols. The techniques discussed in section 2.9 to prevent emissions to water for
example by containing drainage systems are relevant. Techniques to render the Jarosite or
Goethite residues inert should be used if possible.
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5.3.6.1 Chemical refining

The processes that were discussed earlier as available techniques are all techniques to consider
in the determination of BAT. The specific feed materials will influence the fina process choice.
The techniques discussed in Chapter 2 should aso be considered in conjunction with these
processes for example the removal of arsine and stibine by scrubbing gases from the chemical
treatment stages with an oxidising agent such as potassium permanganate.

5.3.6.2 Electro-winning

Electro-winning processes that feature optimised cell dimensions (spacing, number of cells etc),
and use aduminium cathode blanks are techniques to be considered. Mechanised (and
automatic) harvesting and stripping as well as more elaborate short circuit detection is also
worth considering depending on the scale of the operation.

Electro-winning produces gases that are evolved at the anode and will produce an acid mist.
This needs to be collected and removed, extraction and mist elimination are used and collected
mist returned to the process. Scrubbing the collected gases does not alow reuse of the mist and

contributes to wastewater. Cell coverings can be used to reduce the amount of mist formed.
Organic or plastic bead layers can be used.

EXAMPLE 5.02 COLLECTION AND TREATMENT OF ELECTROLYTE MIST

Description: - Collection of cell gases or cell-room ventilation air so that they can be de-misted.

Main environmental benefits: - Removal of acid mist that would be other wise emitted to the
locd environment. Improvement in the workplace conditions.

Operational data: - Non available, subjective comparison with un-modified plant shows a
significant improvement inside and outside of the plant.

Cross media effects. - Positive effect, by recovering acid that can be returned to the process.
Energy cost of fans.

Economics: - Not assessed but is economically viable in a number of installations.
Applicability: - All electro-winning processes.

Example plants. - Spain.

Reference literature:- [tm 106, Farrell 1998]

Electrolyte cooling should be practised and the heat recovered if possible. De misting of the
cooling air should be carried out.

The processes and the techniques for control, mist collection and acid gas remova are suitable
for use with new and existing installations.

Seded tank house drainage systems, the recovery of eectrolyte bleed are aso techniques to be
considered.
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5.3.7 Secondary zinc

The processes that were discussed earlier as available techniques are all techniques to consider
in the determination of BAT. The specific feed materials will influence the final process choice.
The techniques discussed in Chapter 2 should also be considered in conjunction with these
processes.

5.3.7.1 Waelz Kilns and slag fuming furnaces

The processes that were discussed earlier as available techniques are all techniques to consider
in the determination of BAT.

ExXAMPLE 5.03 WASHING OF WAELZ OXIDE

Description: - Waelz oxide can also be leached in a two-stage process using sodium carbonate
in the first stage and water in the second stage to remove chloride, fluoride, sodium, potassum
and sulphur. The purified final product is dried and can be used as the feed material for the zinc
electrolysis process.

Weaelz Oxide

A

A 4

First Stage
Leaching

v

Filtration

N&aCOs

Liquor

A 4

Precipitation [ NaHS

A 4

Second stage |« Fresh
Leaching Water

A

A Filtration p| Find
Filtration Effluent

A4

Solidto
Waelz Kiln

A 4

Leached Oxide

Figure5.11: Diagram of a Waelz oxide washing cir cuit

Main environmental benefits: - Podtive overdl - Fixation of impurities in the furnace dag or
in the effluent treatment dudge. Energy cost of process.

Operational data:

Component Unwashed Waelz | Washed Waelz oxide
oxide
Zn% 55-60 60 - 68
Po% 7-10 8-11
Sh 05-1 <015
Fo 02-0.5 <015
C% 4-8 <015
K,0% I1-3 <015

Table5.36: Effect of washing
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Component Waste water after
treatment with
NaHS
Zn mg/l 01-02
Pb mg/ 0.05-0.15
Cd mg/l 0.01-0.15

Table5.37: Wastewater from thewashing process

Cross media effects: - Pogtive by smplifying the use of Waglz oxide in a leach/dlectrolysis
stage.

Economics: - Not assessed but processisin use and is economically viable.
Applicability: - Most Wadlz kilns.
Example plants. - Spain, Germany.

Reference literature: - [tm 95, Borja Garcia-Egocheaga 1998]

The techniques discussed in Chapter 2should adso be considered in conjunction with these
processes in particular the techniques to prevent the formation of and destroy dioxins.

The processes and the techniques for Waelz oxide leaching are suitable for use with new and
exiging ingallations.

5.3.8 Cadmium and other metals

The processes that were discussed earlier as available techniques are all techniques to consider
in the determination of BAT. The specific feed materials will influence the final process choice
and thalium separation practised if necessary. The techniques discussed in Chapter 2 should
also be considered in conjunction with these processes. VOCs and odours may also be present
during solvent extraction processes used for the production of Ga, Ge etc.

5.3.9 Fume/gas collection and abatement

The techniques discussed in section 2.7 and 2.8 of this document for the removal of SO,, VOCs,
dioxins and dust are techniques to consider for the various process stages involved in the
production of the metals in this group. The use of secondary hoods is adso a technique to
consider. The design of the hooding system needs to take account of access for charging and
other furnace operations and the way the source of process gases change during the process
cycle. This can be achieved by the use of a system of intelligent control to target fume emissions
automatically as they occur during the cycle without the high-energy penaty of continuous
operation.

The use of hoods for tapping and casting is also a technique to consider. Tapping fumes will
consst mainly of oxides of the metals that are involved in the smelting process. The design of
the hooding system needs to take account of access for charging and other furnace operations
and the way the source of process gases change during the process cycle. An example of aco-
incident hood for charging and tapping is shown below.
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EXAMPLE 5.04 COLLECTION OF FUME

Description: - Co-incident charging and tapping zone for arotary furnace.

N S

Fume collection

enclosure — ] Tapping
holes

Charging
door

Burner
exhaust
Fume collection l

enclosure —¥» ‘

L

Tapping
holes

i

Burner
Charging
door

Figure5.12: Co-incident fume collection system

Furnace lining wear may mean that door end tapping holes may not alow al of the meta to be

tapped.
Main environmental benefits: - Easier fume collection from a single point.

Operational data: - Non available.

Cross media effects. - Podtive effect - good collection efficiency with reduced power
consumption.

Economics: - Low cost of modification. Severa examples are operating viably.

Applicability: - All rotary furnaces.

Example plants: - France, UK, Germany

Reference literature: - [tm 106, Farrell, 1998; tm 120, TU Aachen 1999]

There are severa site-specific issues that will apply and some of these are discussed earlier in

this chapter. The process technologies discussed in this chapter, combined with suitable
abatement are capable of meeting the demands of stringent environmental protection.
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Reagent Used. Component in off - gas. Treatment Method.
Salvents, VOCs, (forIn, VOC Condensation. Activated carbon,
Gaetc) Bio-filter
Chiorine, HCT (for Tn, Ga Cl, Collection. Caustic scrubber system
€etc)

Nitric Acid (for Tn, Gaefc) | NO, Oxidise and absorb, recycle,
scrubber system

Ammonia (for In, Ga efc) NH; Recovery, scrubber system

Antimony or arsenic oxides | Stibine or arsne Oxidise and absorb 1n a scrubber
system

Table5.38: Chemical treatment methodsfor gaseous components

5.3.10 Sulphuric acid plants

The sulphur dioxide produced during the smelting, sintering and roasting stages can have a
severe environmental impact and is removed from the gases in either a sulphuric acid plant or
by recovery as sulphur dioxide. The various processes used for sulphur dioxide remova are
described in section 2.8 of this document and need to be assessed in relation to the sulphur
dioxide concentration produced by the sintering, roasting or smelting stage. The process used
aso depends on loca markets for liquid sulphur dioxide, generally converson to sulphuric acid
is used. There are severa factors that affect the production of sulphuric acid and some are
specific to this metal section. These are all techniques to consider in the determination of BAT.

The use of oxygen enrichment in some direct smelters results in a high sulphur dioxide content
and athough this is subsequently diluted to below 14% SO, for conversion, the gas volume
reduction alows significant savings to be made in the size of ducts, blowers and abatement
plant. The other factor that is present with high gas strength is the potentia to use the excess
heat present in the gas particularly after the cataysis stages, which are strongly exothermic.
The subsequent dilution of the gas adso ensures the presence of sufficient oxygen for the
catalytic process.

The other factor affecting the sulphur dioxide content is the low and variable content of gases
from some sinter plants. This variaion of SO, content means that the design of the acid plant
needs to take this into account in the scrubber and heat transfer stages and in the choice of
catalyst. As reported earlier the choice of catalysts is now greater and caesium oxide doped
cataysts may be capable of improving performance. With alow gas strength heat may need to
be added to the gases to maintain the correct temperature in the catalyst passes.

The performance of a metalurgica acid plant is dependent on the performance of the gas
cleaning section. If the cleaning system is not effective in removing impurities from the
incoming gas, the performance of the contact section will deteriorate. Although the design of
wet gas cleaning systems may differ widely, they have the following requirements and features
in common:

e Solid contaminants must be removed, giving a find gas quality of < 1 mg dust/Nn?
(optically clear).

e Sulphur trioxide content of the gas must be reduced to the level of 15 - 25 mg/Nnt.

e Huorides and chlorides must be removed to prevent damage to downstream tower
brickwork and converter catalyst.

e The gas must be cooled to a temperature satisfying the acid plant water balance. The
temperature is dependent on the SO, concentration of the gas and the concentration of the
acid produced. A gas with 4 - 6% SO, requires cooling to temperatures below 30 °C while
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a gas with an SO, content well above 10% can tolerate gas temperatures of approximately
35 - 40 °C, when producing 98.5% grade acid

The rate of converson of sulphur dioxide to sulphur trioxide is generaly reported for these
processes and can be in the range 98.5 to 99.8% for the gases produced from various processes.
There are however, several factors that affect the conversion rate and these must be taken into
account at alocal level. Thefactorsare: -

Input gas cleanliness to reduce poisoning of the catalyst.

Input gas strength and consistency. Higher strength gases and more consistent SO,
concentrations tend to enable higher conversion efficiencies to be achieved. Thisis duein
part to the consistent inter-pass gas cooling that can be achieved when there are few
variations in concentration.

Choice of catalyst. Caesium oxide doped catalysts tend to increase conversion rates
provided that the other factors are controlled to prevent poisoning. Routine catalyst changes
may alow improvements to be made to the catayst during maintenance but to be fully
effective must be accompanied by improvements in other areas.

Correct input gas temperature, oxygen content and water balance (see above).

Effective adjustment of gas conditions, in particular the temperature, between the catalyst
passes.

Conversion rates therefore vary with time and steady state values can be misleading however
the following examples illustrate the performance that can be achieved by well designed plants
operating with different input gas characteristics.

EXAMPLE 5.05 WET GAS SULPHURIC ACID (WSA) PROCESS FOR AN OFF-GAS WITH A LOW
SO, CONTENT

Description: - The process is well suited for treating off-gases where the SO, content is low.
Up to 99.3% of the SO, is converted catalyticaly into SO,, which reacts with water in the gas
forming gaseous sulphuric acid. The acid is condensed in a WSA condenser. The heat economy
and low sengitivity to the water balance means that no extra sulphur burning is required. The
catalyst used in the WSA technology is a potassum and sodium promoted vanadium catalyst in
10 and 20 mm extruded rings.

S0, Converter

Figure5.13: Diagram of WSA process
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Main environmental benefits: - The converson of SO, into sulphuric acid reduces the SO,
emission and subsequently the effect of acid rain.

Operational data: - Typica performance data of aWSA plant is presented in the next table.

Lead roasting
How Nnr/h 100000
Tine”C 30-35
T outlet °C 105
H,O inlet, vol.% 55
O, Inlet, vol.% 142
O, content, vol.% 20-35
Converson% 99
O, In clean gas mg/Nnv <28
H,S0, product, wi% >975
Temp. of product °C 21
Acid production, MTPD ~290
Energy consumption (electricity & fud) 200 - 300 (at 2.7% S0,)
KWhit
Coaling water consumption 0.25 (DT =5°C)
Gcal/h/tonne acid

Table5.39: Perfor mance of WSA system

Cross media effects: - The WSA process does not generate any waste products or wastewater
and does not use any absorbents or other chemicals.

Economics:. - Not available but severd plants operate viably

Applicability: - The WSA process is gpplicable to al new and existing plants especially for
molybdenite and lead rosters where the SO, content is lower than 5 - 6%.

Example plants: - France

Reference literature: - [tm/165, Bendixen, Haldor Topsae, 1996],[tm/166, Bendixen, Haldor
Topse, 1996], [tm/167, Bendixen, Haldor Topsa, 1997], [tm/ SADACI 1999]

EXAMPLE 5.06 SULPHURIC ACID PLANT OPERATING UNDER VARYING GAS CONDITIONS.

Description: - Gas cleaning and washing section. Double contact sulphuric acid plant, 4
passes. Weak acid to neutralisation ~ 12 — 15 m¥h with 5% H,SO,

Main environmental benefits: - High conversion rate for sulphur dioxide More than 99.6%
achieved with a recent installation.
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Operational data:

Outlet conditions (measured

values):

Off-gas volume: 34200 Nm3h
O, 685 mg/Nm3
SON 28 mg/Nm?3
NO, (asNO,) 114 mg/Nm3
CI (asHCl) 1.1 mg/Nm?
F (asHF) Not detectable

Average concentration: -

Cd 0.02 mg/Nms3
Hg not detecteble

T not detectable

As <0.05 mg/Nm?3
Se not detectable

S not detectable

Pb 0.17 mg/Nm3
Cu 0.25 mg/Nm?
PCDD/PCDF not detectable

Table5.40: Performance of the sulphuric acid pr ocess

Cross media effects: - Positive effect — Reduction of main emissions of sulphur dioxide by
conversion to sulphuric acid, recovery of the heat from the gases and evolved during
conversion.

Economics: - Several plants are operating viably. See al'so gppendix on cost

Applicability: - Off gases from roaster or smelter. These features can also be applied to most
exiging ingdlations.

Example plants: - Germany

Reference literature: - [tm 102, DFIU Zn 1999

The other factor that is important when high strength gases are used in a sulphuric acid plant is
the resdua SO, content in the exhaust gases. Most European plants operate with a conversion
efficiency in the range 99.5 to 99.8%. The% conversion excludes the period during start up and
shutdown operations and emergency events.

5.3.11 Process control

The principles of process control discussed in section 2.6 are applicable to the production
processes used in this Group. Some of the furnaces and processes are capable of improvement
by the adoption of many of these techniques. Particular attention is needed for the temperature
measurement and control for furnaces and kettles used for melting the metals in this group so
that fume formation is prevented or minimised.

The processes and the techniques for furnace control and melting temperature control are
suitable for use with new and existing ingdlations.
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5.3.12 Wastewater

This is a Ste-specific issue, existing treatment systems are reported to be to a high standard. Al
wastewater should be treated to remove dissolved metals and solids in some cases a two stage
precipitation process is used with a hydroxide stage followed by a sulphide stage to ensure the
remova of lead and cadmium [tm 171, Steil & Hahre 1999]. The techniques listed in section
2.9 are the techniques to consider. In a number of ingtalations cooling water and treated
wastewater including rainwater is reused or recycled within the processes.

5.3.13 Process residues

The processes that were discussed earlier as available techniques are all techniques to consider
in the determination of BAT. The specific feed materials will influence the fina process choice.
The techniques discussed in Chapter 2 should aso be considered in conjunction with these
Processes.
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5.4 Best Available Techniques

In understanding this section and its contents, the attention of the reader is drawn back to the
preface of this document and in particular the fifth section of the preface: “How to understand
and use this document”. The techniques and associated emission and/or consumption levels, or
ranges of levels, presented in this section have been assessed through an iterative process
involving the following steps.

identification of the key environmental issues for the sector; which are for the production of
leed and zinc are dust, metad fume, VOCs (including dioxins), odours, SO,, other acid
gases, VOCs, wastewater, residues such as dudge, filter dust and dag;

examination of the techniques most relevant to address those key issues;

identification of the best environmental performance levels, on the basis of the available
data in the European Union and world-wide;

examination of the conditions under which these performance levels were achieved; such as
costs, cross-media effects, man driving forces involved in implementation of this
techniques,

sdection of the best available techniques (BAT) and the associated emission and/or
consumption levels for this sector in a general sense al according to Article 2(11) and
Annex IV of the Directive.

Expert judgement by the European IPPC Bureau and the relevant Technica Working Group
(TWG) has played a key role in each of these steps and in the way in which the information is
presented here.

On the basis of this assessment, techniques, and as far as possible emission and consumption
levels associated with the use of BAT, are presented in this chapter that are considered to be
appropriate to the sector as a whole and in many cases reflect current performance of some
ingtallations within the sector. Where emission or consumption levels “associated with best
available techniques’ are presented, this is to be understood as meaning that those levels
represent the environmental performance that could be anticipated as a result of the application,
in this sector, of the techniques described, bearing in mind the balance of costs and advantages
inherent within the definition of BAT. However, they are neither emission nor consumption
limit values and should not be understood as such. In some cases it may be technicaly possible
to achieve better emission or consumption levels but due to the costs involved or cross media
considerations, they are not considered to be appropriate as BAT for the sector as a whole.
However, such levels may be considered to be justified in more specific cases where there are
special driving forces.

The emission and consumption levels associated with the use of BAT have to be seen together
with any specified reference conditions (e.g. averaging periods).

The concept of “levels associated with BAT” described above is to be distinguished from the
term “achievable level” used elsewhere in this document. Where a leve is described as
“achievable” using a particular technique or combination of techniques, this should be
understood to mean that the level may be expected to be achieved over a substantia period of
time in awell maintained and operated ingtdlation or process using those techniques.

Where available, data concerning costs have been given together with the description of the
techniques presented in the previous section. These give a rough indication about the
magnitude of costs involved. However, the actua cost of applying a technique will depend
strongly on the specific dtuation regarding, for example, taxes, fees, and the technica
characteristics of the ingtallation concerned. It is not possible to evauate such site-specific
factors fully in this document. In the absence of data concerning costs, conclusions on
economic viability of techniques are drawn from observations on existing installations.
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It is intended that the general BAT in this section are a reference point againgt which to judge
the current performance of an existing installation or to judge a proposal for a new installation.
In this way they will assist in the determination of appropriate "BAT-based" conditions for the
ingtalation or in the establishment of genera binding rules under Article 9(8). It is foreseen
that new ingtallations can be designed to perform at or even better than the general BAT levels
presented here. It is adso considered that existing installations could move towards the genera
BAT levels or do better, subject to the technical and economic applicability of the techniquesin
each case.

While the BREFs do not set legaly binding standards, they are meant to give information for
the guidance of industry, Member States and the public on achievable emisson and
consumption levels when using specified techniques. The appropriate limit values for any
specific case will need to be determined taking into account the objectives of the IPPC Directive
and the locd considerations.

Best Available Techniques are influenced by a number of factors and a methodology of
examining the techniques is needed. The approach that has been used is given below.

First of al the choice of process depends strongly on the raw materials that are available to a
particular ste. The most significant factors are their compostion, the presence of other
included metas, their size distribution (including the potentia to form dust) and the degree of
contamination by organic materiad. There may be primary materias available from single or
multiple sources, secondary raw materias of varying qudity or a combination of primary and
secondary raw materials.

Secondly the process should be suitable for use with the best gas collection and abatement
systems that are available. The fume collection and abatement processes used will depend on
the characterigtics of the main processes, for example some processes avoid ladle transfers and
are therefore easier to seal. Other processes may be able to treat recycled materials more easily
and therefore reduce the wider environmental impact by preventing disposal.

Finaly, the water and waste issues have been taken into account, in particular the minimisation
of wastes and the potential to reuse residues and water within the process or by other processes.
Energy used by the processes is dso a factor that is taken into account in the choice of
Processes.

The choice of BAT in a generd sense is therefore complicated and depends on the above
factors. The varying requirements mean that BAT is influenced mainly by the raw materials
available to the site and the required throughput of the plant, the issues are therefore dite
specific. There are advantages for some primary process that are capable of accepting some
secondary materials.

The following points summarise the recommended methodology that has been used in this
work: -

Is the process industrially proven and reliable?

Are there limitations in the feed material that can be processed? -eg. In primary smelting
some processes are suited for “simple” concentrate and others for complex feed smelting.
The type of feed and other metals contained in it (eg. Cu, Sb, Bi) influences process
selection.

Are there production level congraints? - e.g. a proven upper limit or a minimum throughput
required to be economic.

Can latest and efficient collection and abatement techniques be applied to the process?

Can the process and abatement combinations achieve he lowest emission levels? The
achievable emissions are reported later.

Are there other aspects for example those related to safety?
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At the time of writing severa process and abatement combinations are able to operate to the
highest environmental standards and meet the requirements of BAT. The processes vary in the
throughput that can be achieved and the materials that can be used and so several combinations
are included. All of the processes maximise the reuse of residues and minimise emissions to
water. The economics of the processes vary. Some need to operate at a high throughput to
achieve economic operation, while others are not able to achieve high throughputs.

The collection and abatement techniques used with these processes were discussed under
techniques to consider in the determination of BAT and when applied in combination with the
metalurgical process will result in ahigh leve of environmental protection.

As indicated in the genera preface to this document, this section proposes techniques and
emissions that are considered to be compatible with BAT in genera. The purpose is to provide
generd indications of the emisson and consumption levels that might be considered as an
appropriate benchmark of BAT based performance. This is done by quoting achievable levels
in ranges that are generaly applicable to both new and upgraded plants. Existing installations
may have factors, such as space or height limitations that prevent full adoption of the
techniques.

The level will dso vary with time depending on the condition of the equipment, its maintenance
and the process control of the abatement plant. The operation of the source process will aso
influence performance as there are likely to be variations in temperature, gas volume and even
the characteristics of the material throughout a process or batch. The achievable emissions are
therefore only a basis from which actual plant performance can be judged. Process dynamics
and other site specific issues need to be taken into account at aloca levd.

5.4.1 Materials handling and storage

The conclusions drawn for Best Available Techniques for the materias handling and storage
stages are shown in section 2.17 of this document and are applicable to the materias in this
chapter.

5.4.2 Process selection

It is not possible to conclude that a single production process can be applied to this group of
metals. The techniques for the following process stages are considered to be BAT for the raw
materials that are available.

5.4.2.1 Primary lead smelting

Taking the methodology into consideration the following techniques, when used with
appropriated collection and abatement techniques, are considered to be BAT for the production
of lead.

Good gas collection and abatement systems and energy recovery applied © these processes
offer advantages in energy efficiency, cost, throughput and ease of retrofitting.

Gases from the sintering, roasting and direct smelting processes should be treated to remove
dust and volatile metas, to recover heat or energy and the sulphur dioxide recovered or
converted to sulphuric acid depending on local markets for sulphur dioxide.
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Applied Technique

Raw Materials

Comments

secondary material.

Kaldo process Pb concentrate and | Dry feed, variable sulphur dioxide.

TBRC (Totaly enclosed). secondary (most Operated in a complex ingtallation with
grades). other Cu smelters.

ISk and New Jersey Zn/Pb Sintered feed. Enclosed sintering stage

Didillation Concentrates. needed.

QSC Pb concentraie and | Mois, palletised feed

Kivcet furnace

Cu/Pb concentrate
and secondary
material.

Dry feed

Kaldo Furnace

Pb concentrate and
secondary material.

Moisi, palletised feed

[SA Smelt Furnace Pb concentrate and | Moid, pellefised feed
secondary material.

Blast Furnace ComplexTead High performance process control, gas
bearing primary collection and abatement systems are
and secondary needed. Enclosed sintering stage needed
materias or combined with another furnace.

Table5.41: Primary lead smeltersconsidered asBAT

5.4.2.2 Secondary lead smelting

For the production of lead from secondary raw materias the variation in feed stock aso has to
be taken into account at a local level and this will influence the combination of furnaces and the
associated collection and abatement systems that are used. The processes that are considered to
be BAT are: - The blast furnace (with good process contral), ISA Smelt/Ausmelt, the eectric

furnace and the rotary furnace.

The submerged arc electric furnace is used for mixed copper and lead materials. It isa seaed
unit and is therefore inherently cleaner than the others, provided that the gas extraction system is
adequately designed and sized. At the time of writing the electric furnace is used for secondary

material containing sulphur and is connected to a sulphuric acid plant.

The gas volume

produced is reported to be lower than the other furnaces and the size of the abatement plant

could therefore be smaller.

Applied Technique

Raw Materials

Comments

Sedled submerged arc
electric furnace.

Cu/ Ppo materias

Seded furnace, Tower gas VOlUMES.

[SA"Smdt. Secondary  (most| Slag treament Stage needs to be

grades). demonstrated.

Rotary furnace Most  secondary | Baich process, can offer flexibility for

materials. various materials.

Blast furnace. Whole batteries High energy efficiency. Requires high
performance  control, afterburner
abatement and monitoring of emissions.

Mdting crucibles and| Cleen Tead and| Temperature conirol of kettles 1s needed.

kettles clean scrap only

Table5.42: Secondary lead smeltersconsidered asBAT
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5.4.2.3 Lead refining processes

The refining stages that are considered to be BAT are any of the techniques that are listed as
applied techniques, the combination of refining processes will depend on the metals contained
in the lead bullion.

Copper removal and separation as a sulphide dross.  Arsenic, antimony and tin are removal by
oxidation with a mixture of sodium nitrate and caustic soda, followed by mechanica skimming
to remove the oxide dross. Air/oxygen can also be used. De-silvering by the Parkes process and
zinc removd by vacuum didtillation. Bismuth remova by treatment with a mixture of calcium
and magnesium in the Kroll-Betterton process.

The processes would be used with efficient primary and if necessary, secondary fume collection
systems. Temperature control of the refining kettles is particularly important to prevent lead
fume and indirect heating is more effective in achieving this.

5.4.2.4 Primary zinc

The roasting and sulphur recovery systems and the hydro-metallurgical processes that were
discussed earlier as techniques to consider are all considered being BAT. The specific feed
materials that are available to the operator will influence the final process choice, particularly
the way in which iron is precipitated. The appropriate techniques to monitor and remove arsine
and stibine should aso be considered in conjunction with these processes.

5.4.2.4.1 Electrolyte purification

The processes that were discussed earlier as techniques to consider are al considered being
BAT. The specific feed materias will influence the final process choice. Particular attention
should be paid to assessing the potential of arsine and stibine emissions during the electrolyte
purification stages with the removal of arsine and stibine by scrubbing gases from the chemical
treatment stages with an oxidising agent such as potassium permanganate.

5.4.2.5 Secondary zinc

The processes that were discussed earlier as techniques are al considered being BAT provided
good process control, gas collection and abatement systems are used. The processes include

Physical separation, melting and other high temperature trestment techniques followed by
the removal of chlorides.

The use of Waelz kilns, cyclone or converter type furnaces to raise the temperature to
volatilise the metals and then form the oxides that are then recovered from the gases in a
filtration stage.

The specific feed materials will influence the fina process choice. The techniques discussed in
Chapter 2 should aso be considered in conjunction with these processes in particular the control
of furnace temperature and the fume collection and abatement systems.

5.4.2.6 Cadmium and other metals

The processes that were dscussed earlier as techniques are al considered being BAT. The
specific feed materials will influence the final process choice. The appropriate techniques
discussed in Chapter 2 should also be considered in conjunction with these processes in
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partticular the handling, storage, pre-treatment and fume collection and abatement systems.
Because these metals and their compounds are particularly toxic, extra care should be taken
with choice of process, control and abatement systems.

5.4.2.7 Other process stages

5.4.2.7.1 Electro winning

The processes that were discussed earlier as techniques to consider are al considered being
BAT. The specific feed materials will influence the final process choice. The appropriate
techniques discussed in Chapter 2 should also be considered in conjunction with these processes
in particular the prevention and the collection and recovery of cell room mists.

Process Stage Technique Comments

Electro-winning Permanent cathode, reduction | Mist collection refurns the
of mist formation at the cdll acid to the process.

Sag fuming and wadz kiln. | Methods reported above Energy recovery.
capable of producing aproduct | Destruction of dioxins
for direct use.

Battery crushing 2 stage process to allow stage | Collection and re-use of
Separation and minimise battery acid.
contamination of plastic Callection of migts.
fraction

Table5.43: Summary of other process stages considered as Best Available Techniques

5.4.2.8 Gas collection and abatement

The fume collection systems used can exploit furnace-sealing systems and be designed to
maintain a suitable furnace depression that avoids leaks and fugitive emissions. Systems that
maintain furnace sealing or hood deployment can be used. Examples are through hood
additions of material, additions via tuyeres or lances and the use of robust rotary valves on feed
systems. An intelligent fume collection system capable of targeting the fume extraction to the
source and duration of any fume will consume less energy.

Best Available Techniques for gas and fume treatment systems are those that use cooling and
heat recovery if practical before afabric filter except when carried out as part of the production
of sulphuric acid and this is covered below. Fabric filters that use modern high performance
materias in a well-constructed and maintained structure are applicable. They feature bag burst
detection systems and on-line cleaning methods.

The sulphur recovery systems and the associated dust and metal recovery stages are those
described in section 2.8 of this document, the production of sulphuric acid is most applicable
technique unless a local market exists for sulphur dioxide. The gas cleaning stage that is used
prior to the sulphuric acid plant will contain a combination of dry EPs, wet scrubbers, mercury
remova and wet EPs. The factors that affect the processes in this section are described above
under the section techniques to consider in the determination of BAT.

Slag granulation systems need a venturi scrubber or wet EP because of the high steam loading.
The | SF process gases a so need to use wet scrubbing so that the gases are cooled prior to use as
afud.
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Process Stage Component In Off - Abatement option
gas
Raw Materids Handling Dust and metas Correct storage
Dust collection and fabric filter
Raw Materials Pre- Dust and metds Correct pre-freatment

treatment (mechanical de-
coating/stripping)
(therma de-coating)

Organic materia*

Gas collection and fabric filter

Process operation, after-burning, carbon
injection and correct gas cooling.

Primary Roasting and Dudt, metalsand Process operation, gas collection, gas

Smdting. sulphur dioxide. Hg cleaning (dry and wet EP etc), cooling and

Sintering sulphuric acid plant.

ISF CO, metd vapour Wet scrubbing (to cool gas) prior to use as
LCV gas.

Sag granulaion Steam, dust, H,S, SO,, | Wet ESP, scrubber

Secondary Smdting Dust and metals Process operation and gas collection,

Organic materia*

cooling and fabric filter.
Process operation, after-burning, carbon
injection and correct gas cooling.

Sulphur dioxide** Scrubbing if necessary.
Chemicd refining Mist and metals (As, Process operation and gas collection with
) oxidising scrubber.
Solvent extraction VOC and Odour Containment, Condenser.
Carbon or bio filter if necessary.
Electro-winning Acid mists Gas collection and scrubbing/ de-misting.
Thermd refining Dust and metds Process operation. Gas collection, cooling
and fabric filter.
Sulphur dioxide** Scrubbing if necessary.
Mdlting, dloying, casting Dust and metals Process operation. Gas collection cooling
and dust production. and fabric filter.
Organic materia* Process operation, after-burning, carbon
injection and correct gas cooling.
Sag fuming and Wadlz Dust and metals Process operation. Gas collection, cooling
kiln processes and fabric filter or wet EP if wet quenching

Organic materia*

is used.
Process operation, after-burning, carbon

injection or carbon injection and correct gas
cooling.

Note. * Organic materialsinclude VOC reported as total carbon (excluding CO), dioxins and CO, the exact content
depends on the organic content of the raw materials used.** Sulphur dioxide may be present if sulphur containing raw
materials (e.g. battery paste) or fuels are used and sulphur is not fixed in a slag or matte.

Table5.44: Summary of abatement optionsfor componentsin the off-gas

Fume collection systems follow the best practice outlined in techniques described in section 2.7.
The abatement systems that are considered to be BAT for the components likely to found in the
off gases are summarised in the following table. There may be variations in the raw materias
that influences the range of components or the physical state of some components such as the
size and physical properties of the dust produced, these should be assessed locally.
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5.4.2.9 Emissions to air associated with the use of BAT

Emissions to air comprise the captured/abated emissions from the various sources, plus the
fugitive or uncaptured emissions from these sources. Modern, well operated systems result in
efficient removal of pollutants and the information at the time of writing indicates that that the
fugitive emissions can be the largest contributor to the total emissions.

For all processes the total emissions to air are based on the emissions from:

The materids handling and dtorage, drying, peletisng, sintering, roasting and smelting
stages.

Slag fuming and Waelz kiln processes.

Chemica refining, thermal refining and electro-winning stages.

Mditing, aloying, didtillation, casting etc Stages.

Fugitive emissions can be highly significant and can be predicted from the process gas capture
efficiency and by environmental monitoring (see section 2.7).

The following tables summarise the techniques and the associated emissions.

Pollutant Range Techniquesthat can Comments
associated with | beused to reach
theuse of BAT these levels
CowSO, [>991 Single contact For Tow-grade SO, gases.
off-gas sulphuric acid plant or | Combined with dry or semi-dry
streams WSA, (tail gas SO, scrubber to reduce SO, emission and
(~1-4%) content depends on produce gypsum if amarket is
feed gas strength) available.
O, —rich [>99./% Double contact Very low levelstor other air-borne
off-gas conversion sulphuric acid plant pollutants will be reached dueto
streams factor (Tal gas SO, content | intensive gas treatment prior to the
(> 5%) dependson feed gas | contact plant (wet scrubbing, wet EP
strength). A de-mister | and, if necessary, mercury removal to
may be appropriate for | ensure H,SO, product quaity
the fina remova of
O,

Note. Collected emissionsonly.

Associated emissions are given as daily averages based on continuous monitoring during the operating period. In
cases where continuous monitoring is not practicable the value will be the average over the sampling period.

For the abatement system used, the characteristics of the gasand dust will be taken into account in the design of the
system and the correct operating temperature used.

Table 5.45: Emissions to air from primary smelting, roasting and sintering associated with the use
of BAT in thelead and zinc sector

398



Annexes

Pollutant Range associated | Techniquesthat can beused to Comments
with theuseof BAT reach these levels
Acdmigs | <50 mg/Nm? De-miser A de-miger will dlow
Wet akaline scrubber. the collected acid to
be reused.
Arsne, <05 mg/Nm? Oxidisng scrubber
dibine
VOCor <5mg/Nnr Containment, condenser, carbon
solventsas C or bio filter
Note. Collected emissionsonly.

Associated emissions are given as daily averages based on continuous monitoring during the operating period. In
cases where continuous monitoring is not practicable the value will be the average over the sampling period.
For the abatement system used, the characteristics of the gasand dust will be taken into account in the design of the
system and the correct operating temperature used.

Table5.46: Emissionsto air from chemical refining, electr owinning and solvent extraction

Pollutant Range associated | Techniquesthat can beused to Comments
with theuse of BAT reach these levels
Dust T-5mg/NmT Fabric filter High performance
fabric filters can
(Temperature control of melting | achieve low levels of
kettles or vesselsis needed to heavy metdls.
prevent volatilisation of metals) | The concentration of
heavy metasislinked
to the concentration of
dust and content of the
metals in the dust.
NO, <100 mg/Nmv Cow NO, burner. Higher values are
<100 - 300 mg/Nn? | Oxy-fuel burner. associated with
oxygen enrichment to
reduce energy use. In
these cases gas
volume and mass
emission is reduced.
Totd organic | <5 - 15 mg/Nmw Afterburner.
carbonasC | <5 - 50 mg/Nm? Optimised combustion.
(if present)
Dioxins <0I-05ng High eficiency dust remova Treatment of aclean
(if present) | TEQ/NN? system (i.e. fabric filter), de-dusted gas may be

afterburner followed by
guenching. Other techniques are
available (e.g. adsorption on
activated carbon, oxidation
catayst).

required to achieve
low levels

Note. Collected

emissions only.

Associated emissions are given as daily averages based on continuous monitoring during the operating period. In
cases where continuous monitoring is not practicable the value will be the average over the sampling period.

For the abatement system used, the characteristics of the gasand dust will be taken into account in the design of the
system and the correct operating temperature used.

Table5.47: Emissionsto air from the melting of clean material, alloying and zinc dust production
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