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Title Best Available Techniques (BAT) Reference Document for the Non-Ferrous Metals Industries
Abstract:
The BAT reference document (BREF) entitled 'Non-Ferrous Metals Industries' forms part of a series presenting the results of an
exchange of information between EU Member States, the industries concerned, non-governmental organisations promoting
environmental protection, and the Commission, to draw up, review and, where necessary, update BAT reference documents as required
by Article 13(1) of the Directive 2010/75/EU on industrial emissions. This document is published by the European Commission pursuant
to Article 13(6) of the Directive. This BREF for 'Non-Ferrous Metals Industries' concerns the activities specified in Sections 2 and 6.8 of
Annex I to Directive 2010/75/EU, namely:
. 2.1: Metal ore (including sulphide ore) roasting or sintering;
. 2.5: Processing of non-ferrous metals:
(a) production of non-ferrous crude metals from ore, concentrates or secondary raw materials by metallurgical, chemical or
electrolytic processes;
(b) melting, including the alloyage, of non-ferrous metals, including recovered products and operation of non-ferrous metal
foundries, with a melting capacity exceeding 4 tonnes per day for lead and cadmium or 20 tonnes per day for all other metals;
. 6.8: Production of carbon (hard-burnt coal) or electrographite by means of incineration or graphitisation.
This document also covers:
. the production of zinc oxide from fumes during the production of other metals;
. the production of nickel compounds from liquors during the production of a metal;
. the production of silicon-calcium (CaSi) and silicon (Si) in the same furnace as the production of ferro-silicon;
. the production of aluminium oxide from bauxite prior to the production of primary aluminium, where this is an integral part of the
production of the metal;
. the recycling of aluminium salt slag.
Important issues for the implementation of Directive 2010/75/EU in the non-ferrous metals industries are the emissions to air of dust,
metals, organic compounds (which can result in the formation of PCDD/F) and sulphur dioxide; diffuse air emissions; emissions to
water of metals (e.g. Hg, Cd, Cu, Pb, Zn); resource efficiency; and the prevention of emissions to soil and groundwater. This BREF
contains 12 chapters. Chapters 1 and 2 provide general information on the non-ferrous metals industry and on the common industrial
processes and techniques used within the whole sector. Chapters 3, 4, 5, 6, 7, 8, 9 and 10 correspond to the following specific
production sectors: copper, aluminium, lead and/or tin, zinc and/or cadmium, precious metals, ferro-alloys, nickel and/or cobalt, and
carbon and graphite. For each specific production sector, these eight chapters provide information and data concerning the applied
processes and techniques; the environmental performance of installations in terms of current emissions, consumption of raw materials,
water and energy, and generation of waste; the techniques to prevent or, where this is not practicable, to reduce the environmental
impact of operating installations in these sectors that were considered in determining the BAT; and the emerging techniques as defined
in Article 3(14) of the Directive. Chapter 11 presents the BAT conclusions as defined in Article 3(12) of the Directive. Chapter 12 is
dedicated to concluding remarks and recommendations for future work.
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Preface

PREFACE
1. Status of this document

Unless otherwise stated, references to ‘the Directive’ in this document refer to Directive
2010/75/EU of the European Parliament and the Council on industrial emissions (integrated
pollution prevention and control) (Recast).

The original best available techniques (BAT) reference document (BREF) on Non-ferrous
metals was adopted by the European Commission in 2001. This document is the result of a
review of that BREF. The review commenced in 2007.

This BAT reference document for the Non-ferrous metals industries forms part of a series
presenting the results of an exchange of information between EU Member States, the industries
concerned, non-governmental organisations promoting environmental protection and the
Commission, to draw up, review and, where necessary, update BAT reference documents as
required by Article 13(1) of the Directive. This document is published by the European
Commission pursuant to Article 13(6) of the Directive.

As set out in Article 13(5) of the Directive, the Commission Implementing Decision (EU)
2016/1032 on the BAT conclusions contained in Chapter 11 was adopted on 13 June 2016 and
published on 30 June 2016

2. Participants in the information exchange

As required in Article 13(3) of the Directive, the Commission has established a forum to
promote the exchange of information, which is composed of representatives from Member
States, the industries concerned and non-governmental organisations promoting environmental
protection (Commission Decision of 16 May 2011 establishing a forum for the exchange of
information pursuant to Article 13 of the Directive 2010/75/EU on industrial emissions (2011/C
146/03), OJ C 146, 17.05.2011, p. 3).

Forum members have nominated technical experts constituting the technical working group
(TWG) that was the main source of information for drafting this document. The work of the
TWG was led by the European IPPC Bureau (of the Commission's Joint Research Centre).

3. Structure and contents of this document

The production of 42 non-ferrous metals and the production of ferro-alloys were identified in
countries that are obliged to implement the IED. Eight groups of metals with similar production
methods were identified. The study gathered data on the basis of these groups and this document
is structured on this basis. It also takes into account that the process is of major industrial
importance within the NFM sector and has the potential for environmental issues, and the
information exchange has been particularly valuable for operators and regulators.

The metal groups are:

copper and its alloys;

aluminium and its alloys and the recycling of salt and aluminium from salt slags;
lead and tin;

zinc and cadmium;

precious metals;

ferro-alloys (e.g. FeCr, FeSi, FeMn, SiMn, FeTi, FeMo, FeV, FeB);

1 0J L 174, 30.6.2016, p. 32.
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o nickel and cobalt;
° carbon and graphite electrodes.

In more detail, the NFM BREF has the following structure.

Chapter 1 provides general information on the non-ferrous metals industries concerned.
Chapter 2 provides information on the common industrial processes, abatement systems and
general techniques that are used across the sector. General techniques to consider in the
determination of BAT (i.e. those techniques to consider that are widely applied in this sector)
are reported in Chapter 2, and Chapters 3 to 10 give the applied processes, current emission and
consumption levels, techniques to consider in the determination of BAT and emerging
techniques for the metal groups that are represented by these chapters. Chapter 11 presents the
BAT conclusions as defined in Article 3(12) of the Directive, both general and metal-specific.

For each of the Chapters 3 to 10, data are provided for the group of metals in that chapter
according to the following structure.

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 installations.

Section 3 describes in more detail the techniques to prevent or, where this is not practicable, to
reduce the environmental impact of installations in this sector that were considered in
determining the BAT. This information includes, where relevant, the environmental
performance levels (e.g. emission and consumption levels) which can be achieved by using the
techniques, the associated monitoring and the costs and the cross-media issues associated with
the techniques.

Section 4 presents information on 'emerging techniques' as defined in Article 3(14) of the
Directive.

Concluding remarks and recommendations for future work are presented in Chapter 12.

4, Information sources and the derivation of BAT

This document is based on information collected from a number of sources, in particular
through the TWG that was established specifically for the exchange of information under
Avrticle 13 of the Directive. The information has been collated and assessed by the European
IPPC Bureau (of the Commission's Joint Research Centre) who led the work on determining
BAT, guided by the principles of technical expertise, transparency and neutrality. The work of
the TWG and all other contributors is gratefully acknowledged.

The BAT conclusions have been established through an iterative process involving the
following steps:

o identification of the key environmental issues for the non-ferrous metals sector;
examination of the techniques most relevant to address these key issues;
. identification of the best environmental performance levels, on the basis of the available

data in the European Union and worldwide;

° examination of the conditions under which these environmental performance levels were
achieved, such as costs, cross-media effects, and the main driving forces involved in the
implementation of the techniques;

. selection of the best available techniques (BAT), their associated emission levels (and
other environmental performance levels) and the associated monitoring for this sector
according to Article 3(10) of, and Annex Il to, the Directive.

ii Non-ferrous Metals Industries
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Expert judgement by the European IPPC Bureau and the TWG has played a key role in each of
these steps and the way in which the information is presented here.

Where available, economic data have been given together with the descriptions of the
techniques presented in the sections on 'Techniques to consider in the determination of BAT".
These data give a rough indication of the magnitude of the costs and benefits. However, the
actual costs and benefits of applying a technique may depend strongly on the specific situation
of the installation concerned, which cannot be evaluated fully in this document. In the absence
of data concerning costs, conclusions on the economic viability of techniques are drawn from
observations on existing installations.

The production of sulphuric acid from non-ferrous metals industries is within the scope of the
LVIC-AAF BREF. However, this NFM BREF review has also gathered information on the
techniques applied by NFM industries to produce sulphuric acid too. The outcome of this data
collection is shown mainly in Chapters 2, 3, 5 and 6 of this document and it has become
apparent that the upper end of the BAT-AEL range for SO, emissions from the production of
sulphuric acid in a double contact/double absorption plant in Table 4.24 'Conversion rates and
SO, emission levels associated with BAT" in the LVIC-AAF BREF (adopted in 2007) needs to
be corrected.

5. Review of BAT reference documents (BREFS)

BAT is a dynamic concept and so the review of BREFs is a continuing process. For example,
new measures and techniques may emerge, science and technologies are continuously
developing and new or emerging processes are being successfully introduced into the industries.
In order to reflect such changes and their consequences for BAT, this document will be
periodically reviewed and, if necessary, updated accordingly.

6. Contact information

All comments and suggestions should be made to the European IPPC Bureau at Joint Research
Centre (JRC) at the following address:

European Commission

JRC Directorate B - Growth and Innovation
European IPPC Bureau

Edificio Expo

¢/ Inca Garcilaso, 3

E-41092 Seville, Spain

Telephone: +34 95 4488 284

Fax: +34 95 4488 426

E-mail: JRC-B5-EIPPCB@ec.europa.eu
Internet: http://eippch.jrc.ec.europa.eu
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Scope

SCOPE

This BREF for the non-ferrous metal industries covers certain industrial activities specified in
Section 2.5 (a) and (b) of Annex I to Directive 2010/75/EU, namely:

'2.5. Processing of non-ferrous metals:

(a) production of non-ferrous crude metals from ore, concentrates or secondary raw materials
by metallurgical, chemical or electrolytic processes;

(b) melting, including the alloyage, of non-ferrous metals, including recovered products and
operation of non-ferrous metals foundries, with a melting capacity exceeding 4 tonnes per day
for lead and cadmium or 20 tonnes per day for all other metals.'

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. In some cases,
primary production of non-ferrous metals includes the integration of secondary raw material
into common production processes to save energy, minimise production costs and recover
important materials. Secondary production of non-ferrous metals includes the production of
metal from secondary raw materials (including scrap and metal-bearing materials) and the
remelting and alloying processes. This document covers the techniques for the production of
both primary and secondary non-ferrous metals. Mining and ore treatment at the mine site are
not covered.

The production of carbon and graphite anodes (Section 6.8 of Annex | to Directive 2010/75/EU
(IED)) is included because of the similarity of part of the process to the production of anodes at
some aluminium smelters as an integral part of the production process.

Activities under Section 2.1 of Annex | to the IED — sintering and roasting — are covered by this
document in two parts of the Annex:

o those which are part of Section 2.5 (a) processes to produce the metal;
o where roasting and sintering are carried out independently, for example the roasting of
molybdenum sulphide.

The production of radioactive metals is excluded from this document. The production of
components such as semiconductors is also excluded.

There are interfaces with the chemical sector but there are specific issues and differences that
should 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 this work.

o The production of zinc oxide from fume during the production of other metals.

o The production of nickel compounds from liquors produced during the production of a
metal.

o The production of CaSi and Si which takes place in the same furnace as the production of
ferro-silicon.

o The production of aluminium oxide from bauxite prior to the production of primary
aluminium. This is an integral part of the production of the metal when performed at the
smelter and is therefore included in this document.

o The recycling of aluminium salt slag when integrated with non-ferrous metals production.

The rolling, drawing and pressing of non-ferrous metals, when directly integrated with the
production of metal, are therefore included in this document. Foundry processes are not
included in this document and are covered in the BREF for the Smitheries and Foundries
Industry [ 428, COM 2005 ]
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Scope

In addition to basic manufacturing activities, this document covers the associated activities
which could have an effect on emissions or pollution. Thus, this document includes activities
from the preparation of raw materials to the dispatch of the finished products.

The main operations covered are:

raw materials storage and preparation;
fuels storage and preparation;

products, storage and preparation.

the production processes, i.e. the pyrometallurgical and hydrometallurgical processes;
emission prevention and reduction techniques;

It should be noted that in 2000, for the industrial sectors covered by the NFM BREF 2001, data
were collected for the EU-15. Furthermore in 2008 and in 2012, information and data have been

updated for the EU-27 as far as possible.

Other reference documents which are relevant for the activities covered in this document are the

following:

Reference documents

Activity

Energy Efficiency (ENE)

General energy efficiency

Common Waste Water and Waste Gas
Treatment/Management Systems in the Chemical
Sector (CWW)

Waste water treatment techniques to reduce
emissions of metals to water

Large Volume Inorganic Chemicals - Ammonia,
Acids and Fertiliser (LVIC-AAF)

Sulphuric acid production

Industrial Cooling Systems (ICS)

Industrial cooling systems, e.g. cooling
towers, plate heat exchangers

Emissions from Storage (EFS)

Storage and handling of materials

Economics and Cross-Media Effects (ECM)

Economics and cross-media effects of
techniques

Monitoring of emissions to air and water from
IED installations (ROM)

Monitoring of emissions to air and water

Waste Treatment (WT)

Waste handling and treatment

Large Combustion Plants (LCP)

Generation of steam and electricity by
combustion plants with a rated thermal input of
>50 MWy,

Surface treatment using organic solvents (STS)

Non-acid pickling of copper rod, copper semis
and copper alloy

Surface treatment of metals and plastics (STM)

Acid pickling of copper rod, copper semis and
copper alloy

The scope of this document does not include matters that only concern safety in the workplace
or the safety of products because these matters are not covered by the Directive. They are
discussed only where they affect matters within the scope of the Directive.

xliv
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Chapter 1

1 GENERAL INFORMATION

1.1 Industry overview

The European non-ferrous metals industry has an economic and strategic importance greater
than its employment, capital and turnover statistics indicate. For example, high-purity copper is
essential for electricity generation and distribution, and small amounts of nickel improve the
corrosion resistance of steel.

Non-ferrous metals and their alloys therefore lie at the heart of modern life and many high-
technology developments, particularly in the energy generation, computing, electronic,
telecommunications and transport industries depend upon them.

1.1.1 Non-ferrous metals and alloys

All the non-ferrous metals considered in this document have their own individual properties and
applications. In several cases however, e.g. copper and aluminium, alloys are used in more
applications than pure metals because they can be designed to have a 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 possible to distinguish between refined metal that has been produced from primary raw
materials and metal that has been produced from secondary raw materials (e.g. scrap).

1.1.2 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, for example
by washing and jigging, to reduce waste material before they are metallurgically processed to
produce crude metal. The treatment of ores is carried out close to the mines as, increasingly, is
metal production. Secondary raw materials are indigenous scrap and residues.

Most metal concentrates are imported into Europe from a variety of sources worldwide. The
importance of using indigenous secondary raw materials such as scrap metal and other residues
cannot be emphasised enough. Recycled metal constitutes an important component of the raw
material supplies of the industry.

In the copper sector, secondary raw materials account for the production of about 40 % of EU
copper but in some cases, such as brass rods, the product is made entirely from recycled copper
and brass, with only a small input of primary zinc. When copper cathodes are produced from
recycled materials there are savings of approximately 650 000 tonnes of CO, because specific
direct emissions of secondary smelters are four times lower than those of primary smelters.

In the aluminium sector, the production and refining of secondary aluminium are also much less
demanding in terms of energy, accounting for a consumption per kg of Al produced of about
5 % of the energy needed to produce primary aluminium.

The output of the industry is either refined metal or what is known as semis manufactures, i.e.
metal and metal alloy cast ingots or wrought shapes, extruded shapes, foils, strips, rods, etc.

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

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

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

1.1.3 Structure of the industry

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

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

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

1.1.4 Economics of the industry

The key statistics of the European non-ferrous metals industry as defined for the purpose of this
document are:

e turnover: EUR 120 billion (77 % fabrication/transformation, 21 % refineries, 2 %
mining);
e jobs (direct): 500 000 (direct) (> 2 million indirect);
o world market position: 1/5 of global production:
0 30 % of global first stage processing,
0 22 % of global refined metal production,
0 4 % of global mining production. [ 429, Eurometaux 2016 ]

Many refined non-ferrous metals are international commodities. The major metals (aluminium,
copper, lead, nickel, tin and zinc) are traded on one of two futures markets, the London Metal
Exchange or COMEX in New York. In addition to the New York Commodity Exchange
(NYMEX), precious metals can also be traded on the London Bullion Market (LBMA), the
Tokyo Commodity Exchange (TOCOM), the Zurich Gold Pool, the Dubai Multi Commodities
Centre (DMCC) and the Bullion Vault. The collectively named ‘minor’ metals have no central
marketplace; price levels are imposed either by producers or by merchants trading on the free
market. In most applications, a particular non-ferrous metal is in competition with other
materials, 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
both absolutely and on a short-term basis, depends upon a wide range of other economic factors
such as the agreed processing (treatment and refining) fee applied in some sectors between the
mine and the smelter.

The general economic rule applies however, i.e. the nearer a material or product comes to global
market conditions and international commodity status, the lower the return on the capital
invested.
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1.15 Environmental performance

There has been a steady improvement in the environmental performance and energy efficiency
of the industry over the last 30 years since the adoption of Directive 84/360/EEC on the
combating of air pollution from industrial plants.

The recycling rate of the industry is very high. Metals are often produced at lower energy costs
using the recycling route. For copper for example, secondary smelting compared to primary
smelting emits 4 times less carbon dioxide, consumes 3 times less electricity and 2.5 times less
fuel for combustion. Additional efforts to recycle low-quality, metal-bearing residues are
however required to protect the environment and improve energy efficiency even further.
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1.2 Copper and its alloys

121 General information

Copper has been used for many centuries; it has a very high thermal and electrical conductivity
and is relatively corrosion-resistant. Used copper can be recycled without loss of quality.
Copper is frequently alloyed with Zn, Sn, Ni, Al and other metals to make a range of brasses
and bronzes [ 35, COM 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 by a European CEN standard, EN 1978, where the
quality is designated as Cu CATH1 or, in the new European alphanumeric system, CRO01A.

The maximum tolerable impurities in percentages are in Table 1.1 as follows:

Table 1.1: Maximum tolerable impurities

Element/s Perzg/:;c age
Ag 0.0025
As 0.0005
Bi 0.00020
Fe 0.0010
Pb 0.0005
S 0.0015
Sh 0.0004
Se 0.00020
Te 0.00020 with As+Cd+Cr+Mn+P+Sh 0.0015
Bi+Se+Te 0.0003
Se+Te 0.0003
Ag+As+Bi+Cd+Co+Cr+Fe+Mn+Ni+P+Pb+S+Sh+Se+Si+Sn+Te+Zn 0.0065

1.2.2 Sources of materials

Refined copper is produced from primary and secondary raw materials by a relatively small
number of copper refineries; their product is copper cathode. This is 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.

Important copper mine production can be found in Poland (KGHM Polska Miedz S.A. in Lubin,
Polkowice-Sieroszowice and Rudna) with 426 700 tonnes of copper extracted in 2011. Other
sizeable EU mining countries are Spain (start-up of mining and hydrometallurgical production
of copper cathodes at Las Cruces in 2009, with a capacity of 72 000 tonnes of copper), Portugal
(start-up of mining at Neves-Corvo in 1989, with 80 000 tonnes of copper in 2011), Sweden
(83 000 tonnes) and Bulgaria (115 000 tonnes) [ 363, Brown et al. 2013 ].

With about 835 000 tonnes of copper extracted from domestic ores in 2011, the EU-28 countries
account for around 5 % of the total worldwide copper mine output. [ 363, Brown et al. 2013 ].
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1.2.3 Production and use

The products of the refineries are the major raw materials for the manufacturers of semi-
fabricated products. With an output twice that of EU refinery output, the EU-28 semis
manufacturers directly use a significant amount of scrap in the range of one million tonnes per
year. They must also turn to the international market to secure adequate supplies of refined
copper. It is estimated that around 60 % of their raw materials come from primary sources, the
remaining 40 % from the direct use of scrap and other secondary materials [ 238, ECI 2012].

The 2005 output of the copper and copper alloy semis industry in the EU-27 exceeded
5.2 million tonnes (about 4.8 million tonnes copper equivalent). This represented more than one
quarter of global production. Despite this relatively large percentage, this was the lowest level
this century, 10 % lower than the average of the previous six years, and 20 % less than the peak
in 2000. Germany, Italy and France account for about two thirds of the EU-28 output. The range
of products supplied by the semis manufacturers is very wide, but consists primarily of rods,
profiles, wires, sheets, strips and tubes. Applications are equally diverse, with semis used in
sectors such as electrical engineering, automobiles, construction, plumbing, machinery,
shipbuilding, aircraft, precision instruments, watches and clocks, etc.

The production capacity of the EU semis industry exceeds demand. While figures from 2005
show the EU to be a net exporter of about 500 000 tonnes per year, this overcapacity makes the
industry, and its economic well-being, very sensitive to cyclical movements in demand.

The electrical wire rod sector accounts for around half of semis production. Some 20
companies, employing around 3000 people in total, are involved in this sector. Whilst part of
this is the integrated downstream output of copper refiners (e.g. KGHM and Aurubis AG), a
significant part is upstream integration by wire and cable producers (e.g. Nexans and Prysmian).
Figure 1.1 shows the worldwide production of copper in 2005, and semis include billets, cakes,
ingots and plates, as well as wire rods.
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x 1000 Tonnes Cu

Mine Smelter Refinery Semis
O EU 751 1662 1854 4700
" Non-EU 1135 1310 1271 500
Africa 642 562 M 20
Asia 1884 3330 3630 5600
B America 6952 4586 6000 3900
Oceania 672 208 2mn 150

Source: [ 238, ECI 2012].

Figure 1.1: Worldwide copper production in 2005

Far more companies participate in the other copper semis manufacturing industries. About 80
companies, employing some 35 000 people throughout the EU-28, produce copper and copper
alloy rods, bars, wires, sections, tubes, plates, sheets and strips. This sector is led by two large
companies, KME Group SpA (IT), with major manufacturing activities in France, Germany,
Italy and Spain, and Wieland-Werke (DE), with operations in Austria, Germany and the UK.
The semis activities of Boliden (SE) were acquired by Outokumpu (FI) in 2004. A major part of
these were then demerged into a new company, Luvata, in 2006. Other large companies include
Diehl (DE), Carlo Gnutti (IT) and Halcor (EL). About 30 companies in this sector have
integrated foundries for the production of cakes, billets and other primary shapes for further
processing. The others purchase these either from the smelters/refiners or from other semis
manufacturers [ 238, ECI 2012 ].

Table 1.2 shows the copper production in the EU (and EAA) and Figure 1.2 and Figure 1.3
show the products.

6 Non-ferrous Metals Industries



Chapter 1

Table 1.2:  European production of copper and its alloys in 2011
Production of | Production of | Production of
Country copper, copper, copper,
mine (kt) smelter (kt) refined (kt)
Austria 0 0 95
Belgium 0 0 402
Bu|garia 118 264 226
Cyprus 4 0 4
Finland 25 125 129
Germany 0 352 686
Italy 0 0 8
Norway 0 38 38
Poland 427 467 566
Portugal 74 0 0
Romania 6 0 0
Spain 98 295 407
Sweden 82 207 214
Total 835 1748 2774
Source: [ 363, Brown et al. 2013 ]

Semis and casting 2003 supply (Cu content)
4540 KT: Cu (5050 KT gross)

Casting 5% fCu tubes 10%
,~Alloy tubes 1%

Cu sheets 8 %

Alloy bars 14% N

Cu bars 2%.

Alloy wires 1% ~Alloy sheet 5%

Cu wires 54 %

Source: [ 238, ECI 2012 ].

Figure 1.2: Copper semis products produced in 2003
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Semis and Casting end-uses: 2003 supply.
4540 KT Cu content (5050 KY gross)

Other 4%
Engineering 10%

Transport 3%

Building 15%

Electrical cables 63%

Electrical equipment 5% -

Source: [ 238, ECI 2012].

Figure 1.3: End uses for semis produced in the EU in 2003

124 Production sites

Annual refined copper production in the EU-28 reached 2.7 million tonnes in 2011, representing
13.6 % of worldwide production. The largest facilities are located in Germany, Poland, Spain,
Sweden, Finland, Belgium and Bulgaria. The final refinery products, copper cathodes, are made
through electrolytic processes. These are often melted and cast on the premises into 'refinery
shapes', referred to as billets and cakes. Some copper refiners also produce wire rod, either at
the refinery location or elsewhere [ 238, ECI 2012 ]

About 45 % of feed supplies to the EU-28 copper refineries are purchased on the international
market in the form of copper concentrates, blister, anodes or scrap. The remaining 55 % come
from EU-produced copper concentrates, copper-bearing residues and scrap.

European copper smelting and refining activity has been able to grow primarily by securing raw
materials on the international market and by making use of ‘domestic mining'. This consists of
copper scrap and residues generated by consumers and processors, as well as by building
demolition and end-of-life waste (e.g. vehicles and electric and electronic waste). Access to
primary and secondary supplies has become increasingly difficult. This has partly been due to
copper mining countries developing their own smelting and refining facilities, but mainly due to
much stronger competition from countries such as China and India, seeking copper raw
materials to meet the needs of their rapid industrialisation.

In 2007, there were 15 major copper refineries in the EU-27, employing around 10 000 people.

The major changes have been [ 238, ECI 2012 ].:

. the inclusion of KGHM Poland;

. the demerger of the Olen and Pirdop copper activities of Umicore (Union Miniére) to the
new company Cumerio;
the merger of Huttenwerke Kayser into Norddeutsche Affinerie AG;

° the merger of Norddeutsche Affinerie AG and Cumerio into Aurubis AG;
the merger of Outokumpu Harjavalta and Pori into New Boliden AB;
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o the merger of Krompachy into Montanwerke Brixlegg;
o the closure of the secondary copper smelters of IMI Refiners and MKM.

The resulting structure of the European copper smelting and refining industry is as follows:

o Atlantic Copper S.A. in Huelva, Spain;

. New Boliden AB with sites in Harjavalta and Pori, Finland and Rénnskér, Sweden;

o Aurubis AG with sites in Hamburg and Linen, Germany; Pirdop, Bulgaria and Olen,
Belgium;

o KGHM Polska Miedz S.A. with sites in Glogow (1 and 2) and Legnica, Poland;

o Metallo-Chimigue in Beerse, Belgium with its daughter company Elmet S.L. in Berango,
Spain;

o Montanwerke Brixlegg, Austria with its daughter company Krompachy, Slovakia;

o Umicore S.A. in Hoboken, Belgium.

Some of these are clear primary smelters (Atlantic Copper, KGHM, Pirdop and Harjavalta)
which use copper concentrates as their primary feedstock. Others are clear secondary smelters
(Metallo-Chimique, Montanwerke Brixlegg, and Aurubis Linen), where the main feedstocks
are scrap from the downstream value chain plus recycled products at the end of their life. Some
have the flexibility to process both primary and secondary feedstocks, like Boliden Rénnskatr,
KGHM Legnica and Aurubis AG Hamburg.

New installations, facilities and technology innovations that have been developed since 2000 [
238, ECI 2012 ].are:

o the KRS smelter for secondary copper materials in Liinen;

o the ISASMELT furnace in combination with a leaching and electrowinning plant in
Hoboken;

o the house-in-house concept to capture diffuse emissions in Hamburg;

o chemical gypsum plants in primary smelting in a multistage process (Huelva and Pirdop);

o new fayalite slag tailings pond (Pirdop).

Two companies have capacities of around or over 500 000 tonnes of refined copper per year:
KGHM, with three sites in Poland, Glogéw I and II and Legnica; and Aurubis AG with sites in
Hamburg and Liinen (Germany) and Olen (Belgium) and Pirdop (Bulgaria).

Two others have capacities of around 300 000 tonnes: Boliden in Ronnskar (Sweden) and
Harjavalta/Pori (Finland), bought from Outokumpu in 2003, and Atlantic Copper in Huelva
(Spain).

Montanwerke in Brixlegg (Austria) and Krompachy (Slovakia) produce around 100 000 tonnes
and Metallo-Chimique at Beerse, in Belgium, and at Elmet in Berango, Spain, account for less
than 50 000 tonnes (as cathodes but more than 100 000 tonnes as anodes).

Umicore (formerly Union Miniére) in Hoboken (Belgium), OMG in Kokkola (FI) and Cyprus
Copper, Cyprus also produce refined copper using a direct electrochemical route, with
capacities of between 5000 tonnes and 50 000 tonnes.

There are some other, smaller facilities in the new Member States (e.g. Baia Mare, Romania)
but no information was made available.

Not all companies have balanced capacities between smelting and electrolytic refining. Some
ship a large part of their anodes (> 99 % copper) to refineries for final cathode (> 99.9 %
copper) production.
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Depending on the sources of scrap, EU versus imports, EU copper smelting and refining
capacities can meet less than half of end-user demand. This structural shortage of EU-refined
copper production is expected to continue, with the EU remaining a large net importer.

1.2.5 Key environmental issues

Historically, the major environmental problem associated with the production of copper from
primary sources was the emission of sulphur dioxide to air from the roasting and smelting of
sulphidic concentrates. This problem has been effectively solved by the EU smelters which now
achieve on average a 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 flue-gases from the various furnaces in use. There is also potential for the
formation of PCDD/F due to the presence of small amounts of chlorine in the secondary raw
materials, and the destruction of PCDD/F is an issue that is being pursued [ 219, VDI 2007 ].

Diffuse or uncaptured emissions are also becoming increasingly important for both primary and
secondary production. Careful plant design and process operation is needed to capture process
gases.

Recycled material constitutes an important component of the raw material supplies of the
copper refining and manufacturing facilities. Copper can be recovered from the majority 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-called 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 also recycled.

Overall, secondary raw materials account for the production of about 40 % of EU copper, but in
some cases, such as brass rods, the product is made entirely from recycled copper and brass,
with only a small input of primary zinc.

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 material of adequate cleanliness for the industry and, although there are agreed
specifications for scrap, wide variations are encountered. Additional treatment or abatement
systems may be needed.

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

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

1.3.1 General information

Aluminium [ 35, COM 1997 ] is a material with a large range of applications, notably in the
transportation, construction and packaging industries, the electricity sector, in all high-voltage
electricity distribution systems, household appliances, and in the mechanical and agricultural
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 aluminothermic reactions to produce a variety of other metals.

The aluminium industry is the youngest and largest of the non-ferrous metals industries;
aluminium smelting only began at the end of 19th century. The EU aluminium industry directly
represents a workforce of about 255 000 people and its annual turnover was in the order of
EUR 40 000 million in 2013.

1.3.2 Sources of materials

Primary aluminium is produced from bauxite that is converted into alumina; 100 tonnes of
bauxite produces 40 to 50 tonnes of alumina (aluminium oxide), which can then produce 20 to
25 tonnes of aluminium. Most of the bauxite is mined outside Europe, but there are several
alumina production facilities within Europe.

The secondary industry depends on the sources of scrap. Scrap can be termed 'new scrap' which
is generated during the production and fabrication of wrought and cast products or 'old scrap'
which is recovered from articles at the end of their useful life. The recycling rate of 'new scrap'
is 100 % of the amount produced.

1.3.3 Production and use
The European aluminium industry includes mining and alumina production, primary and
secondary smelting, and metal processing into semi-finished products (e.g. bars, profiles, wires,

sheets, foils, tubes, pipes) and speciality products (e.g. powders, special alloys). Table 1.3
shows the various materials produced by the aluminium sector in the EU-27.

Table 1.3:  Production of aluminium in the EU-27 in 2007 and 2012

Material produced ?&Ot; ?&15
Metal production
Bauxite mining 2.81 2.2
Alumina refining 6.9 5.8
Primary metal production 3.1 2.1
Secondary metal production
(refining + remelting) 51 41
Semis
Rolled 4.5 3.9
Extruded 3.2 2.5
Other 1 1.2
Total semis 8.7 7.6
Castings 33 2.9
Source: [ 380, European Aluminium Association 2012 ]
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In 2007, the EU-27 accounted for about 8 % of the total world production of primary aluminium
but was a net importer of aluminium. Table 1.4 shows the production and consumption in world
areas.

Table 1.4:  Primary aluminium production and consumption by country in 2007 and 2012

Production Consumption
(kt) (kt)

2007 2012 2007 2012
EU-27 3093 2070 7739 6486
Rest of Europe 2058 2111 528 469
uUs 2560 2070 5774 4869
Russia 3949 4028 1130 934
Canada 3083 2781 742 517
China 12 559 22 197 12 100 21674
Australia 1963 1855 410 359
Brazil 1655 1436 854 1033
India 1223 1714 1150 1784
Middle East 1738 3709 NA 1143
Rest of the 4154 3907 7642 8080
world
Total 41128 47 878 45 808 47 348
NB: NA = Not available.
Source: [ 380, European Aluminium Association 2012 ]

Table 1.5 shows the sources of imported primary aluminium to the EU-27 as a percentage of the
total imports.

Table 1.5:  Imports of primary aluminium to the EU-27 in 2007 and 2012

Imports to the EU-27

(% of total imports)

2007 2012
Asia 3 5
North America 5 4
Middle East 6 11
Latin America 9 1
Africa 16 15
Russia 17 12
Rest of Europe
(without Russia) 44 52
Source: [ 380, European Aluminium Association 2012 ]

The EU-27 production of aluminium from secondary raw materials in 2007 represents about one
third of global secondary aluminium production.
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1.34 Production sites

In 2007, a total of 25 primary aluminium smelters were operating in the EU-27 (18 in 2012),
and a further 10 in the EEA. The number of companies is much smaller, and they consist of Rio
Tinto Alcan (UK, France and Iceland), Alcoa Europe (Spain, Italy and Iceland), Hydro
Aluminium (Norway and Germany), Zalco (the Netherlands), Trimet (Germany), Alro
(Romania), Slovalco (Slovakia), Talum (Slovenia), Mytilineos (Greece), Rusal (Sweden) and
Century (Iceland). Some of these companies have subsidiaries or branches in other parts of the
world, or are part of international corporations.

The situation is different for the secondary aluminium sector, in which over 130 companies
produce more than 1000 tonnes per year of secondary aluminium each. There is a good
integration of the rolling activity with the production processes but the extrusion industry is
much less integrated, with about 300 production sites scattered over the EU territory. Many
production 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.

1.35 Key environmental issues

The main environmental issues for primary aluminium are the generation of polyfluorinated
hydrocarbons and fluorides during electrolysis, the production of solid waste from the cells and
the production of solid waste during the production of alumina. The generation of SO, from the
sulphur content of the anodes is an issue in the Netherlands. The industry has made progress to
reduce these emissions, in particular by adopting the Prebake technology for most of the
smelters and upgrading the remaining Sgderberg smelters in order improve their environmental
and energy performances.

Regarding the production of secondary aluminium, there are potential emissions of dust and
PCDD/F from poorly operated furnaces and poor combustion and the production of solid wastes
(salt slag, spent furnace linings, dross and filter dust).

The main cost of producing primary aluminium is electricity, and as a consequence production
has tended to concentrate where low-cost electricity is available, this being one of the prime
determinants for the geographical distribution of the production sites. The European aluminium
industry has made considerable efforts to reduce its electricity consumption, currently achieving
an average use of 15 kWh per kg. The production and refining of secondary aluminium is much
less demanding in terms of energy, accounting for a consumption per kg of about 5 % of the
energy needed to produce primary aluminium.

There are many initiatives involved in improving the return of scrap aluminium and the industry
is an active player in this area. The recycling of used beverage cans (UBCs) is an example of
this. Collected material is recycled in a closed loop to produce more beverage cans to the same
alloy specification. Much attention is paid by the secondary industry to producing the correct
alloy composition and presorting of scrap types is important. An example of this is the
segregation of extrusion scrap to preserve the particular alloy.
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1.4 Lead and tin

1.4.1 Lead
1.4.1.1 General information

Lead [ 35, COM 1997 ], is an abundant metal in the earth's crust and has been used for many
centuries. It is found in pure sulphide ores or 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 functional value, both in its pure form and
as alloys or compounds.

Lead is classified in terms of the composition of the product. Table 1.6 shows the chemical
composition of the grades of lead according to the European Standard.

Table 1.6:  Chemical composition of the grades of lead according to the European Standard

c
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PB990R | 99.990 | 0.010 | 0.0015 | 0.0005 | 0.0002 | 0.0002 | 0.0002 | 0.0005 | 0.0005 | 0.0005 | 0.010
PB 985R | 99.985 | 0.015 | 0.0025 | 0.0010 | 0.0002 | 0.0005 | 0.0002 | 0.0005 | 0.0005 | 0.0005 | 0.015
PB970R | 99.970 | 0.030 | 0.0050 | 0.0030 | 0.0005 | 0.0010 | 0.0010 | 0.0010 | 0.0010 | 0.0010 | 0.030
PB 940R | 99.940 | 0.060 | 0.0080 | 0.0050 | 0.0005 | 0.0020 | 0.0020 | 0.0010 | 0.0010 | 0.0010 | 0.060

NB: The German standard DIN 1719 is the basis for the European Standard EN 12659.

There have been major changes in the pattern of use of lead. The battery industry currently
consumes around 85 % of the refined lead metal, and has been steadily increasing over the
years. Other uses for lead, which include pigments and compounds, cable sheathing, shots and
petroleum additives, have been in decline. The use of lead metal in rolled and extruded products
such as lead sheets has been fairly stable over the years (see Table 1.7).

Table 1.7:  Uses of lead worldwide

Commercial use 1973 1983 1993 2003 2011
(%) (%) (%) (%) (%)
Batteries 29 36 60 66 82
Lead sheet 8 6 5 5 6
Cable sheathing 7 4 3 1 0.9
Shot/Ammunition 2 2 2 2 1
Alloys 5 3 3 2 1
Pigments and other compounds 9 9 10 8 5
Gasoline additives 7 3 1 0.2 0.1
Other 2 2 4 3 2
Source: [ 377, ILA 2013 ]
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1.4.1.2 Sources of materials

Refined lead is derived from primary material in the form of lead or mixed metal ores and
concentrates, and secondary material in the form of scrap and residue. The balance between
primary and secondary production has shifted since 1998, and in 2011 secondary sources
accounted for more than 77 % of EU production. [ 377, ILA 2013 ]

Primary production requires the smelting of lead-bearing ores to produce lead bullion which is
then refined. The economics of primary lead ore production are linked to the silver and zinc
contents of the ore bodies. Since most ore bodies consist of compounds with sulphur (ore bodies
containing lead carbonate also exist), 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 also processes to recover the silver content as a silver-gold
alloy (where gold occurs, as many ore bodies are low in gold). Primary refining is therefore
linked to the economics of mining lead-zinc ore bodies.

EU-27 countries produced 200000 tonnes of lead concentrate in 2012 compared to
350 000 tonnes in 1996, the main producers being Ireland, Sweden and Poland. The main
worldwide producers of lead ore are China, Australia, the US, Peru and Mexico. Total world
mine production in 2012 was reported as 5.2 million tonnes. World refined lead metal
production in 2012 was reported as 10.6 million tonnes. [ 377, ILA 2013]

The secondary refining industry now supplies the majority of lead consumed. Lead-acid
batteries are the main source of scrap for secondary refining. The industry is making positive
steps to encourage the recycling of these batteries; this proportion is increasing as the world car
population increases and the return rate of old batteries increases. Secondary production also
requires sulphur removal and other refining facilities as the secondary raw materials may
contain unwanted compounds.

1.4.1.3 Production and use

In 2012, 1770000 tonnes of refined lead metal were produced in the EU-27, with
approximately 77 % of this originating from secondary lead production. [ 377, ILA 2013 ]

Lead consumption is linked to the manufacture and use of lead-acid batteries and is estimated to
account for 80-85 % of production. Other applications for lead include roofing materials and
radiation protection. The use of lead in certain applications is limited by several EU regulations.

1414 Production sites

There has been a major change in the processes used for lead production in the EU since 1998.
All two-stage sintering/shaft furnace processes have now closed and all Imperial Smelting
Furnaces have also closed except for one in Poland which is operated on a campaign basis to
smelt sulphidic and then oxidic materials to recover lead and zinc. In 2008, there were only
three direct smelting processes in use in the EU-27 with two in Germany and one in Italy. Lead
production that is part of a complex metallurgical process to recover copper and precious metals
remains unaffected.

Table 1.8 gives the annual capacities for lead processes in the EU-27 for 2006.
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Table 1.8:  Annual capacities for lead processes in the EU-27 in 2006

Primary or Secondary smelting Total lead

combined

primary and Shaft furnace Rotary or Refining

secondary (thyr) other furnace stage (t/yr)

smelting (t/yr) (t/yr)
Austria 0 0 32000 32 000
Belgium 30 000 50 000 40 000 120 000
Bulgaria 70 000 30000 0 100 000
Czech 0 35 000 0 35000
France 0 0 120 000 120 000
Germany 210 000 50 000 100 000 360 000
Italy 100 000 0 160 000 260 000
Netherlands 0 0 20 000 20 000
Poland 35 000 0 55 000 90 000
Portugal 0 0 10 000 10 000
Romania 40 000 0 0 40 000
Spain 15 000 0 110 000 125 000
Sweden 65 000 45 000 0 110 000
UK () 180 000 0 85 000 265 000
Other 30000 0 30 000 60 000
Total 775 000 210 000 762 000 1747000
(*) Includes non-EU bullion in primary smelting.

Production capacity has decreased by 500 000 t/yr since 1997 and the remaining direct smelters
take in more and more secondary raw materials to increase their capacities to between
50 000 t/yr and greater than 100 000 t/yr.

The secondary lead industry is characterised by a large number of smaller installations, many of
which are independent. There are approximately 30 secondary smelters/refiners in the EU
producing from 5000 t/yr to 65 000 t/yr. They recycle and refine scrap generated in their local
area. The number of these refineries is decreasing as the large multinational companies, and the
major battery manufacturing groups as well, acquire the smaller secondary facilities or set up
their own recycling operations. Figure 1.4 shows the European lead refining capacity in 2007.
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Figure 1.4: European lead refining capacity in 2007

The number of production sites has decreased and the total production capacity has fallen by
200 000 t/yr since 1998.

1.4.15 Key environmental issues

Historically, 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
sulphidic concentrates. This problem has been effectively solved by the EU smelters which now
achieve a high fixation of the sulphur and produce sulphuric acid and/or liquid sulphur dioxide.
Emissions of dust and metals from roads, storage areas and old waste deposits are also a
potential problem. [ 254, VDI 2004 ].

The main environmental issues associated with the production of secondary lead are also related
to the exhaust gases from the various furnaces in use. There is also the potential for the
formation of PCDD/F due to the presence of small amounts of chlorine in the secondary raw
materials and the destruction of PCDD/F is an issue that is being pursued [ 254, VDI 2004 ].

Lead is of great environmental concern and many lead compounds are classified as toxic.
General 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 and animal exposure. Measures to
protect children living in the vicinity of smelting plants are of particular significance.
Environmental legislation requires investment to reduce lead in emissions to air. In recent years
several new technologies have been developed and implemented which offer more efficient
methods of smelting lead concentrates. These processes have also reduced emissions to the
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environment. Existing processes have been improved using state-of-the-art control and
abatement systems.

Batteries, which accounted for more than 80 % of the refined lead metal used in the EU-27 in
2012, are recycled with very high efficiency. The EU Battery Directive, 2006/66/EC, of
September 2006 encourages high collection rates, prohibits disposal of lead batteries and
prescribes from 2010 onwards a recovery rate of 65 % of the average weight of lead-acid
batteries. Regulations for end-of-life vehicles (2000/53/EC) and electric and electronic goods
(2002/96/EC) limit the use of lead in certain articles.

Regulations affecting lead fall into four main categories: occupational exposure, emissions
(ambient air quality), controls on food and water, and product control. The limit values are
complemented by rules on the protection of the workforce by providing the use of protective
clothing, respirators, washing facilities or specifying rules on eating, drinking, smoking, etc.

Lead in the general atmosphere is limited by Directive 2008/50/EC on ambient air quality and
cleaner air for Europe, which sets a limit for levels of lead in air throughout the EU. These limit
values are being revised. Levels of lead in water are also controlled in a number of directives
relating to water depending on its type and use, e.g. water intended for human consumption,
water for bathing, fishing waters and on material in contact with food and drinking water.
Specifically, lead is identified as a priority substance in Annex X to Directive 2000/60/EC
establishing a framework for Community action in the field of water policy.

1.4.2 Tin
1421 General information

Tin is one of the world's most ancient metals with references to its use dating back to 3500 BC.
Of the different tin-bearing minerals found in the earth's crust, only cassiterite (SnO,) is of
importance. Cassiterite occurs both in deep hard rock mines and in shallow alluvial deposits and
can be mined relatively easily, using industrial methods or basic and simple tools. Unlike many
other metals, mining of cassiterite is carried out by artisanal and small mines, as well as by
larger scale producers.

Tin is a soft, pliable metal easily adaptable to cold working by rolling, extrusion and spinning. It
readily forms alloys with other metals, imparting hardness and strength. Because of its
amphoteric nature, tin reacts with strong acids and strong bases but remains relatively resistant
to neutral solutions.

The major uses for tin in 2011 were: solder, 52 %; tinplate, 17 %: tin chemicals, 15 %; and
other, 16 % [ 294, ITRI 2012 ]. In most cases, tin is used on or in a manufactured material in
small amounts. Tin is used in various industrial applications in cast and wrought forms obtained
by rolling, drawing, extrusion, atomising and casting; tinplate, e.g. low-carbon steel sheets or
strips rolled to 0.15-0.25 mm thick and thinly coated with pure tin; tin coatings and tin alloy
coatings applied to fabricated articles (as opposed to sheets or strips) of steel, cast iron, copper,
copper-base alloys, and aluminium; tin alloys; and tin compounds.

1.4.2.2 Sources of material

About 253 000 tonnes of tin were mined in 2011, mostly in China (110 000 t), Indonesia
(51 000 t), Peru (34 600 t), Bolivia (20 700 t) and Brazil (12 000 t) [ 294, ITRI 2012 ].
Secondary or scrap tin is also an important source of the metal. The recovery of tin through
secondary production, or recycling of scrap tin, is increasing rapidly.
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Taking into account the reuse of recovered tin alloys, notably solders, brass and bronzes and
lead alloys, secondary materials contribute to over 30 % of total tin use in any typical year.
These alloys can be reused without the need for re-refining to pure tin. However, there has also
been recent growth in secondary re-refined tin production which has exceeded 50 000 tonnes
per year, equivalent to around 16-17 % of total refined metal production, and amounted to over
65 000 tonnes in 2011.

Alloy scrap containing tin is handled by secondary smelters as part of their production of
primary metals and alloys; lead refineries accept solder, tin drosses, babbitt, and type metal.
This type of scrap is remelted, impurities such as iron, copper, antimony and zinc are removed,
and the scrap is returned to the market as binary or ternary alloy. The dross obtained by cleaning
up the scrap metal is returned to the primary refining process.

1.4.2.3 Production and use

Spain and Portugal are the only EU-28 countries that produce mined tin, and even then only in
minor quantities. Table 1.9 gives an overview of the quantity of tin extracted from mines
worldwide.

Table 1.9:  Annual world production of tin (mined) in 2006 and 2012
Production of tin
Country (tonn(_as of tin content
in the ore)
2006 2012
Australia 2783 6158
Bolivia 17 669 19 700
Brazil 9528 10 800
Burma 900 700
Burundi 44 69
China 126 300 115 900
Democratic Republic of the Congo 5485 2462
Indonesia 80 933 91 000
Laos 600 965
Malaysia 2398 3726
Niger 13 0
Nigeria 1400 1800
Peru 38470 26 105
Portugal 25 42
Russia 2600 600
Rwanda 3013 3500
Spain 0 69
Thailand 225 199
Vietnam 5400 5400
Source: [ 363, Brown et al. 2013 ]
1.4.2.4 Production sites

Regarding smelter tin production, Belgium is the only EU-28 producer, with a world share of

3.5 %. Table 1.10 gives an overview of smelter tin production worldwide.
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Table 1.10: Annual world production of tin (smelter) in 2006 and 2012

Production of tin
Country (tonnes)

2006 2012
Australia 572 0
Belgium 8000 11 400
Bolivia 14 089 14 300
Brazil 8780 9600
China 132 100 148 100
Indonesia 65 357 50 000
Japan 854 1133
Malaysia 22 850 37 822
Peru 40 495 24 811
Russia 3700 1400
Thailand 27 540 19 996
Vietham 2665 4000
Source: [ 363, Brown et al. 2013 ]

1.4.25 Key environmental issues

The melting point of tin (232 °C) is low compared with those of the common structural metals,
whereas the boiling point (2625 °C) exceeds that of most metals except tungsten and the
platinum group. Loss by volatilisation during melting and alloying with other metals is
insignificant. Tin oxide is insoluble and the ore strongly resists weathering so the amount of tin
in soils and natural waters is low. The concentrations in soils are in the 1-4 ppm range but some
soils have less than 0.1 ppm and others such as peat have 300 ppm [ 295, Gaver C. Jr 2013 ].
Tin as single atoms or molecules is not very toxic to organisms; the toxic form is the organic
form. Organic tin compounds can stay in the environment for long periods of time. Organic tin
can spread through water and can cause harm to aquatic ecosystems. They are very toxic to
fungi, algae and phytoplankton.
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1.5 Zinc and cadmium
151 Zinc
15.1.1 General information

Zinc [ 35, COM 1997 ], [ 117, Kriiger, J. 1999 ] has the third highest usage of the non-ferrous
metals, behind aluminium and copper. It has a relatively low melting point and is used in the
production of a number of alloys such as brass. It can be easily applied to the surface of other
metals such as steel (galvanising) and, when it is used as a metal coating, zinc corrodes
preferentially as a sacrificial coating. Zinc is also used in the pharmaceutical, nutrient,
construction, battery and chemical industries. See Table 1.11.

Table 1.11: World and European uses of zinc

. . Worldwide | Worldwide | Worldwide Europe

Commercial use of ZInC | "y g95 05" | 2000 (%) | 2005 (%) | 2005 (E’)/o)
Galvanising 47.9 48.6 51.4 44.4
Zinc alloying 12.9 15.7 16.4 14.5
Brass and bronze 20.7 19.3 17.0 20.4
Zinc semi-finished products 6.5 6.2 5.7 12.6
Chemicals 8.5 7.0 6.1 6.5
Zinc dust or powder 0.5 0.2 0.2 0.2
Miscellaneous 3.1 3.0 1.4 14
Source: [ 229, IZA plant data 2008 ]

Zinc is supplied to the market in various qualities, the highest quality being special high-grade
(SHG) or Z1 which contains 99.995 % zinc while the lowest quality good ordinary brand (GOB)
or Z5 is about 98 % pure. The sector produces extrusion products such as bars, rods and wires
(mainly brass); rolling products such as sheets and strips; casting alloys; and powders and
chemical compounds, such as oxides (see Table 1.12 and Table 1.13).

Table 1.12: Primary zinc grades

1 2 3 4 5 6 Total of
Pb Cd Fe Sn Cu Al 1to6
max. | max. | max. | max. | max. | max. max.

Grade Colour Nominal
classification code zinc content

Z1 White 99.995 0.003 | 0.003 | 0.002 | 0.001 | 0.001 | 0.001 | 0.005
Z2 Yellow 99.99 0.005 | 0.003 | 0.003 | 0.001 | 0.002 - 0.01
Z3 Green 99.95 0.03 | 0.005 | 0.02 | 0.001 | 0.002 - 0.05
Z4 Blue 99.5 0.45 | 0.005 | 0.05 - - - 0.5
Z5 Black 98.5 14 | 0.005 | 0.05 - - - 15

Source: [1, CEN 2003 ]
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Table 1.13: Secondary zinc grades

g | Nominal | 1 | 2 [ 3| 4 |5 | s | TOW
© zinc Pb Cd Fe Sn Cu Al Remarks
5 lto6

content max. | max. | max. | max. | max. | max. max

Obtained mainly by
ZSA 98.5 1.3 0.02 | 005 | -(Y - 0.05 1.5 zinc-bearing process
scrap (e.g. Zn ashes)

2.0 () | Obtained mainly by

Zs1 98.0 1.3 | 004 | 005 [07(H | - 0.1 .
1.5 recycling of scrap
2

ZS2 97.5 15 0.05 | 0.12 | 0.7 (Y - - 2'25(()) Also used products

(*) Sn max. 0.3 % for brass making.
(%) For galvanising applications, EN ISO 1461: zinc bath must contain less than 1.5 % alloying elements (excluding
Fe & Sn) and 2.0 % (including Fe & Sn).

Source: [ 1, CEN 2003 ]

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

15.1.2 Sources of materials

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

EU concentrates used to meet more than 45 % of the EU refinery demand towards the end of the
1980s. This fell to 25 % over the next decade. After the accession of 12 new Member States
(2004), EU concentrates accounted for 38 % of the demand. The deficit is filled by increased
imports, as mine production capacity is increasing in North America, Australia and some South
American countries.

Secondary raw materials such as galvanising residues (ashes, skimmings, sludges, etc.), and
recycled products (e.g. Waelz oxide) from zinc-containing residues (e.g. flue-dust from steel
plants) are used. Brass processing and die-casting scrap, and end-of-life roofing products 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 products is a key issue
for the industry.

1.5.1.3 Production and use

The EU mine output is essentially accounted for by Ireland, Sweden and Poland and was
818 000 tonnes of zinc concentrates in 2007. This increase from 400 000 tonnes in 1998 is a
result of process optimisation, opening of new mining operations and the accession of Poland.
Metal production stepped back below the 1.8 million tonnes mark which it had overstepped in
1992, while consumption of refined zinc increased from 1 640 000 tonnes to 1 770 000 tonnes,
accounting for 30 % of the demand for zinc in the market economy countries. See Table 1.14,
Table 1.15 and Figure 1.5.
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Table 1.14: World production of zinc concentrates in 2007
Production in 1995 | Production in 2000 | Production in 2005 | Production in 2007

(kt) (kt) (kt) (kt)
India NA NA NA 745
Canada 1121 1002 667 619
Australia 882 1380 1329 1402
Peru 692 910 1202 1444
us 644 852 748 787
EU 555 676 841 818
NB: NA = Not available.
Source: [ 229, IZA plant data 2008 ]

us
14% EU

Figure 1.5:

Peru
24%

Australia
24%

Source: [ 229, IZA plant data 2008 ]

India
13%

Canada
1%

World production of zinc from concentrates in 2007 excluding China

After China, the EU stands as the second in the world for zinc production, far ahead of Canada
and Japan, which rank third and fourth, respectively. In 2007, EU output was recorded at
2 160 000 tonnes of primary metal production, accounting for nearly 20 % of the market
economy total of 11 million tonnes. Also after China, the EU is the major consumer area for
zinc among the market economy countries. The 2 500 000 tonnes of zinc consumed in 2007 was
30 % below the reported Chinese market and more than double the third largest consumer
market, the US.
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Table 1.15: World production of refined zinc
Production in 1995 | Production in 2000 | Production in 2005 | Production in 2007

(kt) (kt) (kt) (kt)
China NA NA NA 3700
EU 1999 2016 2034 2160
Canada 720 780 724 802
India NA NA NA 745
Japan 664 654 638 598
us 363 371 350 266
Australia 322 494 457 502
CIS 410 538 608 668

NB: NA = Not available.

Source: [ 229, 1ZA plant data 2008 ]

1514

Primary zinc is essentially produced by roast-leach-electrowin (RLE) processes and by the
Imperial Smelting Furnace (ISF) distillation process. Table 1.16 shows the location and

Production sites

capacities of the sites in Europe.

Table 1.16: Production of zinc in Europe from primary raw materials in 2007

Country Company Location Process C?S;?;ty
Belgium Nyrstar Balen-Overpelt RLE 260 000
Bulgaria KCM PIoniv_ RLE 75 000

OCK Kardjali RLE 45 000
Finland Boliden Kokkola RLE 305 000
France Nyrstar Auby RLE 130 000
Germany Ruhr-Zink () Datteln RLE 150 000
Xstrata Nordenham RLE 140 000
Italy Glencore Eg;g:’;j)”e RLE | 100000
Netherlands Nyrstar Budel-Dorplein RLE 240 000
Norway Boliden Odda RLE 165 000
ZGH Bolestaw
. Bolestaw RLE 90 000
Poland HC Miasteczko Miasteczko ISF 80 000
Slaskie
Romania Mytilineos Copsa Mica ISF 45 000
Spain Xstra~ta _ San Juan de Nieva RLE 490 000
Espafiola del Zinc Cartagena RLE NA
(%) Ruhr-Zink ceased operation on 31.12.2008.
NB:
RLE: Roast-leach-electrowin.
ISF: Imperial Smelting Furnace.
NA = Not available.
Source: [ 229, IZA plant data 2008 ]

Zinc is recycled from end-of-life products such as sheets, brass and die-casting parts which are
remelted and reused. It is also recycled from the remelting of scrap steel in electric arc furnaces
(EAF) where the zinc is fumed and captured with the flue-dust and recovered in specialised
facilities.

Table 1.17 shows the location and capacities of the sites in Europe.
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Table 1.17: Recycling units for zinc from end-of-life products in the EU (2007)

. Average production
Country Company Location Process as Zn (Ktyr)
Bulgaria KCM Plovdiv Waelz 20
Arcelor-Mittal Isbergues MHF (%) 20
France o
Recytech Fouquiéres Waelz 25
Befesa Duisburg Waelz 20
Germany Befesa Freiberg Waelz 45
Recylex Gosslar Waelz 15
Italy Pontenossa, SpA Pontenossa Waelz 20
Glencore Portovesme Waelz 20
Luxemburg Arcelor-Mittal Waiver MHF (%) 25
Norway Eras Metal Hoyanger Plasma 15
Poland Bolestaw recycling | Bolestaw Waelz 25
Spain Befesa Bilbao Waelz 35
(Y MHF: Multiple hearth furnace.
Source: [ 229, IZA plant data 2008 ]

1515 Key environmental issues

Historically, the major 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
sulphidic concentrates. This problem has been effectively solved by the EU smelters which now
achieve a high fixation of the sulphur and produce sulphuric acid and liquid sulphur dioxide.

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

Diffuse emissions from roasting and calcining are also very important and need to be considered
for all of the process stages. The diffuse emissions of acid mists from the electrowinning of zinc
are a particular example of this.

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

15.2 Cadmium
1521 General information

Cadmium belongs to the zinc subgroup of the periodic table and was discovered by Friedrich
Strohmeyer in 1817 during an investigation into ZnCOs;. It is associated with zinc in minerals at
a ratio of 1:300 Cd to Zn. It is physically similar to zinc but is softer and denser and can be
polished. Unlike zinc, it is resistant to alkalis. Cadmium is also 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 distributed worldwide with a content between 0.1 ppm and 1 ppm in the topsoil.

1.5.2.2 Source of materials

There are only a few cadmium-specific minerals, such as greenockite (CdS) or otavite (CdCO3)
and CdO. None of these minerals are industrially 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 copper ores may contain small
amounts of cadmium.
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1.5.2.3 Production and use

Unlike other metals, cadmium has been refined and utilised only relatively recently; production
and use have arisen only during the last 50 to 60 years. The main uses today are:

electroplated cadmium coatings;

nickel-cadmium batteries;

some pigments and stabilisers for plastics;

alloys for specialised thermal and electrical conductivity applications, electrical contact
alloys and nuclear control rods;

o small amounts are used for solar cells.

Since 1988, global cadmium production has decreased fairly constantly from 20 000 t/yr to
18 000 t/yr. 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 1970s reached USD 3 per Ib, and in the 1980s varied between USD 1.1 and
USD 6.9 per Ib. Since that time the cadmium price has fallen to USD 1 per Ib and even went as
low as USD 0.45 per Ib, which is equivalent to the zinc price level.

The main cadmium producer and user countries are shown in Table 1.18.

Table 1.18: Main cadmium producers and users in 2007

Country Production (t/yr) Use (t/yr)
(Cd and Cd compounds) | (Cd and Cd compounds)

Korea 3704 100
China 3000 5407
Canada 1388 107
Japan 1934 2210
Belgium 0 4799 (as CdO)
Mexico 1584 140
United States 700 441
Germany 575 666
France 300 268

Cadmium is recovered:

. from pyrometallurgical Pb-Cu recovery from the flue-dust from the smelting operation;
from pyrometallurgical Pb-Zn recovery from the flue-dust from the sinter/roast operation
and from crude zinc;

° from hydrometallurgical extraction from zinc in the cadmium cementate produced in
electrolyte purification.

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 and vacuum distilled, or dissolved and electrolysed.

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

Cements are usually dissolved and electrolysed to produce cadmium of a high purity
(> 99.99 % cadmium).
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1524 Production sites

In the 1990s, several EU operations ceased activity. Cadmium is still extracted from the main
zinc processes under controlled conditions and the residue is safely deposited according to the
waste legislation. Recycling takes place, but very few companies take part. Mainly, used
batteries are recycled to recover cadmium and nickel (see Table 1.19).

Table 1.19: Main European primary and secondary cadmium producers in 2007

Country Company Location Process C?E;?;ty

. KCM Plovdiv 320

Bulgaria OCK Kardjali RLE 100

France SNAM Viviez Recycling 300

German Xstrata Nordenham RLE 475

y Accurec Milheim Recycling 100

Italy Glencore Portovesme RLE 450

Netherlands Nyrstar Budel RLE 575

Norway Boliden Odda RLE 100
H.C. .

Poland Miasteczko Miasteczko ISF 350
sl. Sla

Sweden SAFT Oskarshamn Recycling 300

Romania Mytilineos Copsa Mica ISF 100
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1525 Key environmental issues

The status of legislation of cadmium compounds has a significant impact on emissions. The
level of cadmium in the atmosphere is limited by Directive 2004/107/EC relating to arsenic,
cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in ambient air. Cadmium is
also identified as a priority hazardous substance in Annex X to Directive 2000/60/EC
establishing a framework for Community action in the field of water policy.

A typical zinc production process can produce 600 t/yr of cadmium. Cadmium production is
closely controlled to prevent diffuse emissions and remove dust to a very high standard. Less
than 2 % of the exposure of the general population to cadmium is due to emissions to the
environment from cadmium-bearing products in their total life cycle.

In many applications, cadmium alloys are essential and cannot be substituted with other
materials. Similarly the use of cadmium in rechargeable batteries can also be an environmental
benefit.

The critical effect of cadmium in human beings is renal tubular dysfunction. The tubular
damage is irreversible at advanced stages, so prevention is more important than diagnosis. The
long biological half-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 that perspective,
most of the EU operations apply risk prevention and risk management measures contained in the
EMI/CdA guidance document updated in 2006.
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1.6 Precious metals

16.1 General information

Precious metals [ 35, COM 1997 ] include such well-known metals as gold and silver as well as
the six platinum group metals (PGMSs): platinum, palladium, rhodium, iridium, ruthenium and
osmium. They are termed precious metals because of their rarity and intrinsic value.

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

Consumption of gold in the EU is mainly for jewellery, with smaller amounts used in
electronics and other industrial and decorative applications. The principal users of silver are
industrial applications (47 %), with the photographic and jewellery industries accounting for
6 % and 15 % respectively. The platinum group metals are used extensively as catalysts and the
imposition of emission limits on vehicles sold in the EU has stimulated demand for their use in
catalytic converters.

1.6.2 Sources of materials

Mines in all parts of the world consign large quantities of precious metals, in crude ore or by-
product forms, to EU refineries. Refineries with significant precious metal capacities are found
in Belgium, Germany, Sweden, Finland and the United Kingdom. Bulgaria, Poland and
Romania have considerable mining activities either in precious metals or base metals with
precious metal content. These activities typically recover precious metals from lead and zinc,
copper or nickel ores, as well as low-grade scrap materials of all kinds, and they supply the pure
metals in bars or plates, grain or sponge.

There are small deposits of precious metal ores in Europe; Table 1.20 shows the mine
production in 2005 and 2012. Poland is the world's second largest producer of silver after
Mexico. These resources account for approximately 25 % of the world's primary silver, 1.1 % of
the world's primary gold and 0.08 % of the world's primary PGMs. Deposits of gold are being
developed in Greece and their contribution will be significant in years to come.

Table 1.20: Precious metal mine production in 2005 and 2012

Silver Silver Gold Gold PGMs PGMs
Country (t) (1) (1) (1) (1) (1)

2005 2012 2005 2012 2005 2012
Finland 15.0 128.2 0.5 10.8 0.1 0
France 1.0 NR 3.5 NR NR NR
Greece 25 31 NR NR NR NR
Ireland 4.0 9.4 NR NR NR NR
Italy 5.0 0 NR NR NR NR
Poland 1244 1149 0.71 0.92 0.07 0.05
Portugal 24 29.9 NR NR NR NR
Romania 20 18 0.5 0.5 0.01 NR
Spain 5.0 32.6 5.4 1.3 NR NR
Sweden 268 309.3 6.3 6.0 NR NR
NB: NR = Not reported.
Source: [ 363, Brown et al. 2013 ]
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Europe has a number of companies that specialise in the collection, preprocessing and trading of
scrap and secondary materials before the actual assay and refining stages take place. Typical
items are discarded catalysts, printed circuit boards, obsolete computers, old photographic film,
X-ray plates and solutions, spent electroplating baths, etc.

1.6.3 Production and use

The cost of recovery and recycling is more than justified by the high intrinsic 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 also the environmental issues where stricter
limits on the tolerable metal content of waste materials sent for dumping are being set.

The refining of gold, silver and the platinum group metals in the EU takes place either at
specialist precious metal refining and fabricating companies or at base metal refineries. The
total precious metal refining capacity of the EU firms is the largest in the world (see
Table 1.21).

Table 1.21: Annual capacities of European refineries in 2006

Country Silver Gold PGMs
(t/yr) (t/yr) (tyr)
Austria 190 70 1
Belgium 2440 60 45
France 1520 135 12
Germany 2700 193 92
Italy 1050 115 15
Netherlands 130 15 1
Poland 1500 3 0
Spain 830 30 5
Sweden 250 15 1
UK 2320 300 100
Switzerland 620 565 14
Other EU countries 50 10 5

The refinery capacity is approximately double the amount actually processed so a rapid
turnaround of processed metal can be maintained.

Most of the precious metals are fairly easily fabricated either as pure metals or as alloys. Gold
and silver in particular are usually turned into specific alloys for jewellery or dental purposes in
order to improve 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 industrial applications of silver. The highest consumption of platinum is in the
production of auto catalysts. Other principal uses are in chemicals, dentistry and investment
such as coinage. The demand in 2006 for precious metals is shown in Table 1.22 below.
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Table 1.22: Precious metal demand in 2006

Total demand Silver Gold PGMs
(tyr) (thyr) (tyr)
European 5710 881 85
World 26142 3692 488

1.6.4 Production sites

The principal precious metals refiners and fabricators of the EU operate on an international
scale and are world leaders in their field. Prominent names are Umicore and Heraeus in
Germany and Johnson Matthey and Vale in the United Kingdom. The US precious metals firm,
Engelhard Corporation, operated in the EU for a number of years. The catalyst manufacturing
and refining sites of Engelhard were acquired by BASF in 2008.

Major EU base metal refiners with significant precious metal involvement include Umicore in
Belgium, Aurubis in Germany, Norilsk Nickel in Finland, KGHM Polska Miedz in Poland and
New Boliden in Sweden.

1.6.5 Environmental issues

The EU precious metal refineries form a technically advanced, high-performance industry that
is very strongly focused on research and development. The processes often use hazardous
reagents such as HCI, HNOs, 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 also the discovery of techniques for economising the quantities
of precious metals used in existing applications. The raw materials 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 materials is particularly important and many
of these materials are classified as wastes by other industries.
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1.7 Ferro-alloys
1.7.1 General information

Ferro-alloys are master alloys that contain some iron and one or more non-ferrous metals as
alloying elements. Silicon metal is produced in the same metallurgical process as ferro-silicon
and is therefore considered a ferro-alloy. Ferro-alloys are used as deoxidising elements in
steelmaking and enable alloying elements such as chromium, silicon, manganese, nickel,
vanadium and molybdenum to be safely and economically introduced into metallurgical
processes, thus giving certain desirable properties to the alloyed metal, for instance increased
corrosion resistance, hardness or wear resistance.

The importance of ferro-alloys increased with the progress of steel metallurgy, which demanded
diversified alloying elements to achieve better controlled quantities in purer and more advanced
steel qualities. The ferro-alloy industry became a key supplier to the steel industry.

Silicon metal is used as an alloying element in aluminium and in the chemical and electronic
industries, solar cells, etc.

Ferro-alloys are usually classified in two groups:

. bulk ferro-alloys (ferro-chrome, ferro-silicon together with silicon metal, ferro-
manganese, silico-manganese and ferro-nickel), which are produced in large quantities in
electric arc furnaces;

. special ferro-alloys (ferro-titanium, ferro-vanadium, ferro-tungsten, ferro-niobium, ferro-
molybdenum, ferro-boron, alloyed or refined ferro-silicon, silicon metal and
ternary/quaternary alloys) which are produced in smaller quantities, but with growing
importance.

Bulk ferro-alloys are used mainly in steelmaking and steel or iron foundries. The uses of special
ferro-alloys are far more varied, and the proportion used in steelmaking has diminished over
recent years in favour of those used in the aluminium and chemical industries, especially silicon
products.

1.7.2 Sources of materials

The raw materials (alloying elements) for the production of ferro-alloys are either the main
products (quartzite for silicon, chromite for chrome, matte for nickel, etc.) or the by-products of
mining (molybdenite from copper mining). Of course, the two sources can exist simultaneously.
In most cases for FeCr and FeMn production, the iron part is also received from ore and no iron
is added.

The raw materials can also be recovered from scrap, which is most often the case for the iron
share of the composition, which comes from iron and steel scrap, but also for the alloying
element itself, titanium for example. Residues from steel mills like electric arc furnace and
converter filter dust, as well as shot blasting and grinding dust, are important secondary raw
materials which have increasing significance. The main raw material sources and mineral
deposits for the alloying elements are given below.

. Chromite is mostly concentrated in two large deposits, which are located in South Africa
and Kazakhstan. Smaller deposits are found in other places such as India, Brazil and
Europe (Finland, Turkey, Albania and Greece).

° Raw material for producing ferro-silicon and silicon metal is available everywhere in the
world, although not all sources allow the production, under acceptable economic and
guality conditions, of all the ranges of silicon alloys.
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o Ore that contains manganese is mainly found in South Africa, Ukraine, Gabon and
Australia. Smaller occurrences are found in Brazil, India, Mexico and Myanmar. The
quality (content of manganese and level/nature of the impurities) of the ore can greatly
influence the economics of the ferro-alloy production.

o Ore that contains nickel is mainly found in Australia, New Caledonia, Indonesia, the
Philippines, China, Brazil, Colombia, Canada, Kazakhstan, Russia and Africa. The
concentration of nickel in the ore has a significant bearing on the type of metallurgical
process used, which in turn influences the economics of production.

o The special alloying elements are very often concentrated in a few countries
(molybdenum in North America, Chile and China; niobium in Brazil) and prices and
availability are very sensitive to economic conditions.

o Rich slags are also a significant raw material and come from FeMn processes and battery
recovery.

1.7.3 Production and use

Since around 1978, the ferro-alloy market has changed significantly worldwide. Consumption in
developing countries has vastly increased with the development of their steel production
industries, and they have now taken over an increasing share of the traditional markets of the
industrialised countries, where steel production was stagnant or growing at a slow rate. The EU
ferro-alloy industry is hence facing a growing proportion of imports, at first from the new
industrialised countries and in recent years from the countries of eastern Europe, the CIS and
China.

As a consequence, EU ferro-alloy production has been subject to challenging competition that
has resulted in a decreasing trend of the total amount of ferro-alloys produced in the EU. The
actual total European production of bulk ferro-alloys split into the different alloys and the
countries where they are being produced can be seen in Table 1.23. While global production of
ferro-alloys increased between 2003 and 2007 from 22.6 million tonnes to 31.8 million tonnes
(see Table 1.24) European ferro-alloy production decreased from 3 billion tonnes to 2.1 million
tonnes. The leading ferro-alloy producing countries in 2007 were, in descending order of
production, China, South Africa, Ukraine, Russia and Kazakhstan. These countries account for
78 % of world ferro-alloy production.

The last European blast furnace used for bulk ferro-alloys production was closed in 2003 and
now all bulk ferro-alloys in Europe are produced in electric arc furnaces.
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Table 1.23: European production of bulk ferro-alloys from 2006 to 2012 in tonnes per year

Country | Sub-commodity 2005 2006 2007 2008 2009 2010 2011 2012

Ferro- 5000 | 5000 | 5000 | 4500 | 4000 | 4000 | 4000 | 4000
Austria molybdenum
ust Ferro-nickel () | 2500 | 2500 | 3000 | 2000 | 2500 | 2500 | 2500 | 2500
Ferro-vanadium | 6250 | 6250 | 6500 | 6300 | 6200 | 8000 | 8000 | 8000
Bulgaria Ferro-silicon 10000 | 10000 | 10000 6000 3000 0 0 0
gg;ﬂ‘)"c Ferro-vanadium | 2600 | 2800 | 1700 | 2800 | 1900 | 3400 | 4600 | 5700
Finland Ferro-chrome | 234 881 | 243350 | 241760 | 233550 | 123 310 | 238 000 | 231000 | 229 000
Ferro-manganese NA NA 144000 | 46600 | 46000 | 138100 | 130500 | 131 000
Ferro-manganese | 44 111 | 139533 0 0 0 0 0 0
& spiegeleisen
France Ferro-silico-

52300 | 63300 | 65400 | 60200 | 54100 | 62400 | 63400 | 64000
manganese

Ferro-silicon 67000 | 34000 | 31000 | 30000 | 18300 | 27000 | 59000 | 60000

Silicon metal 100000 | 100000 | 120000 | 118000 | 80000 | 112000 | 128 000 | 130000

Ferro-chrome 22672 | 26710 | 22030 | 26960 | 13667 | 17300 | 17800 | 17800

Germany | Other ferro-alloys | 25400 | 24100 5000 5000 6336 9200 9000 9000

Silicon metal 29349 | 29865 | 29379 | 29092 | 27620 | 30105 | 30134 | 28574

Greece Ferro-nickel 96000 | 89000 | 93300 | 83200 | 42400 | 69600 | 94000 | 96435

Iceland Ferro-silicon 114844 | 113798 | 114886 | 107882 | 112992 | 114230 | 120076 | 131818

Ferro-manganese | 32000 | 30000 | 30000 | 30000 | 20000 | 25000 | 25000 | 27000

Italy Ferro-silico- 99000 | 96600 | 87000 | 87000 | 56000 | 108000 | 145000 | 110 000
manganese

Ferro-manganese | 130000 | 130000 | 130000 | 130 000 | 130000 | 130 000 | 130000 | 130 000

F;}Lr,?giﬂ'ei‘; 288137 | 325708 | 293699 | 273485 | 247 615 | 281266 | 248700 | 266 000
Norway Ferro-silicon | 329 316 | 123819 | 170 024 | 185344 | 233974 | 200000 | 170 102 | 203 886
Other ferro-alloys | 60000 | 60000 | 62000 | 60000 | 150 000 | 150 000 | 150 000 | 150 000
Silicon metal | 178572 | 150 000 | 140 000 | 180 135 | 169 643 | 170000 | 170 000 | 170 000
Ferro-manganese 7782 4089 2093 8475 1736 800 800 800
Ferro-silico- 10242 | 3310 | 15590 | 25061 72 100 400 200
Poland manganese
Ferro-silicon 65118 | 13034 | 58538 | 56031 | 9673 | 53206 | 72668 | 79400
Other ferro-alloys | 3663 | 4488 | 6255 | 2948 | 4190 200 300 300
Ferro-chrome 0 0 0 6179 15 377 14 353 0 0
R . Ferro-manganese | 18 625 3777 0 0 0 0 0 0
omania Ferro-silico-
100957 | 66476 | 26868 | 9979 0 20605 | 30000 | 30000
manganese
Ferro-chrome 867 19 0 0 0 0 0 0
. Ferro-silico- 47843 | 59128 | 71587 | 59940 | 32000 | 34960 | 25036 | 50089
Slovakia manganese

Ferro-silicon 16512 | 16155 8583 10 844 4600 26419 | 32304 | 32726

Other ferro-alloys | 48161 | 65498 | 74065 | 61194 | 22250 | 38860 | 18575 | 12862

Slovenia Ferro-silicon 15529 12 550 6000 0 0 0 0 0

Ferro-manganese | 35000 | 148000 | 155000 | 161 000 | 60 100 | 134000 | 108 000 | 108 000

. Ferro-silico- | 444 500 | 100000 | 153000 | 158000 | 59200 | 132000 | 164 000 | 165 000
Spain manganese

Ferro-silicon 70000 | 67000 | 71000 | 74000 | 44000 | 64400 | 57000 | 57000

Silicon metal 32000 | 32000 | 32000 | 33000 | 23000 | 32500 | 43000 | 45000

Ferro-chrome 127500 | 136400 | 124400 | 118700 | 31100 | 64400 | 80140 | 35800

Sweden

Ferro-silicon 9800 4600 4300 0 0 0 0 0

NB: NA = Not available.
(%) Austria stopped producing ferro-nickel in 2013.
Source: [363, Brown et al. 2013 ]
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Table 1.24: Global ferro-alloy production by furnace type and alloy type from 2003 to 2007 in
tonnes per year (gross weight)
F“t;gzce Alloy type 2003 2004 2005 2006 2007
Ferro-manganese 899 000 826 000 648 000 764 000 774 000
Blast Spiegeleisen 12000 12000 12 000 12 000 12 000
furnace
Other 104 000 104 000 63 500 63 500 83500
Ferro-chrome 6 070 000 6 590 000 6 910 000 7 340 000 8 370 000
Ferro-chrome 123000 131 000 128 000 129 000 133 000
silicon
Ferro-manganese 3130 000 3840 000 3770000 4190 000 4420 000
Ferro-nickel 983 000 1 050 000 1 080 000 1 140 000 1170000
Electric | Ferro-niobium 37 000 26 200 39 900 42 600 43100
furnace | (ferrocolumbium)
Ferro-silicon 4950 000 5660 000 5 800 000 6 480 000 6 760 000
Silico-manganese 4620 000 6 020 000 6 080 000 6 930 000 7 310 000
Silicon metal 703 000 760 000 811 000 628 000 641 000
Other 27 1000 000 1360 000 2330 000 410 0000 463 0000

Due to technical and metallurgical developments and changes in iron and steel production, the
consumption pattern of ferro-alloys has also changed, especially in industrialised countries:

o carbon steel is increasingly produced in electric arc furnaces from scrap, which allows
recovery of the alloying elements, reducing the relative consumption of ferro-alloys;

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

o a growing need for metallurgically sophisticated alloying elements (niobium,
molybdenum), and for treatment elements (calcium), has led to an increased consumption
of special alloys;

o an increasing production of stainless steel has led to a significant increase in the
consumption of chromium alloys (mainly high-carbon ferro-chrome).

Western European consumption has been more or less stagnant, around 4.2 million tonnes per
year, and its production has fallen from 4 million tonnes to 3 million tonnes since 1988.

1.74 Production sites

There are a number of companies producing different ferro-alloys in about 60 industrial
production sites in Europe. The largest European ferro-alloy producing countries are Norway
for the production of bulk ferro-alloys and France and Spain especially for the production of
manganese and silicon alloys. Finland is a major producer of ferro-chrome from a local chrome
ore mine. In Sweden, mainly ferro-chrome and ferro-silicon are produced. Special ferro-alloys
like ferro-molybdenum, ferro-vanadium and ferro-titanium are produced in Austria and
Germany.
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1.7.5 Key environmental issues

Production of ferro-alloys generally involves the use of electric arc furnaces and reaction
crucibles into which natural products (e.g. quartz, lime, various ores, and wood) with relatively
fluctuating physical compositions are loaded. For this reason, the main environmental impacts
of producing ferro-alloys are the emissions of dust and fume from the smelting processes. Dust
emissions also occur from the storage, handling and pretreatment of raw materials where diffuse
dust emissions play an important role. Depending on the raw material and the process used,
other emissions to air are SO,, NOyx, CO, CO,, polycyclic aromatic hydrocarbons (PAH),
volatile organic compounds (VOCs), and metals such as Hg, As and Cr. The formation of
PCDD/F in the combustion zone and in the cooling part of the flue-gas treatment system (de
novo synthesis) may be possible [ 226, Nordic Report 2008 ].

Significant process residues and by-products are slag, filter dust and sludge and spent
refractories. These materials are already recycled and reused to a large extent where possible.
Rich slag, meaning slag with a relatively high proportion of metal oxides, is used as raw
material in the production of other ferro-alloys. For instance, rich slag from the production of
ferro-manganese is one of the most important raw materials for the production of silico-
manganese. Waste water is generated from cooling, granulation and other processes.

The ferro-alloys industry, whose basic tool is an electric arc furnace in which metal oxides are
reduced by carbon, is a major consumer of energy and a producer of carbon dioxide (CO,). It
has therefore always regarded the reduction of energy consumption as a vital priority. The laws
of thermodynamics, which govern the reactions used, limit the possible reduction of energy
necessary for the smelting process. The reduction of the overall energy consumption is therefore
in most cases only possible using an efficient energy recovery system. The recovered energy
can be transferred into electrical energy or used as heat for various purposes. CO-rich exhaust
gas from closed furnaces can also be used as secondary fuel or as a raw material for chemical
processes. The recovery of energy reduces the use of other natural energy resources and
therefore the impact of global warming.
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1.8 Nickel and cobalt

1.8.1 Nickel

1.8.1.1 General information

Nickel [ 35, COM 1997 ], [ 92, Laine, L. 1998 ] is a silver-white metal with typical metallic
properties. Although it was only discovered as a metal in 1751 its alloys have been used for
several centuries, e.g. the Chinese had been making ‘white copper' which resembled silver in
appearance. Between 1870 and 1880, nickel's use in alloy steels was demonstrated and
electrolytic nickel plating was successfully developed.

The great importance of nickel lies in its ability, when alloyed 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 element. Given these beneficial properties, nickel
is used in a wide variety of products. Most primary nickel is used in alloys; the most important
of which is stainless steel. Other uses include electroplating, foundries, catalysts, batteries,
coinage and other miscellaneous applications. Nickel is found in transportation products,
electronic equipment, chemicals, construction materials, petroleum products, aircraft and
aerospace parts and equipment, and durable consumer goods. Nickel is a vital metal for
industrialised societies.

Chemically, nickel resembles iron and cobalt, as well as copper. Nickel can form several
compounds, e.g. sulphate, chloride, oxide and hydroxide. One property of nickel 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 corrosion resistance to
alkalis. In contrast, nickel is attacked by aqueous ammonia solutions.

1.8.1.2 Sources of materials

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

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

o Nickel laterites are products of the weathering of ultra-basic rocks that originally contained
very small amounts of nickel. Over time impurities are washed out of the deposits and
nickel is present as a complex oxide of silicon, iron and magnesium. Cobalt and iron are
commonly associated with nickel, but laterites do not contain other valuable constituents.
The most important occurrences are in the tropical areas of Southeast Asia, Australia, New
Caledonia, South America, the Caribbean Sea and the Balkans area especially Greece,
which is the only source of nickel ore in Europe at the time of writing (2014).

The complex metallurgy of nickel 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 sulphidic ores can usually 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 beneficiation by physical methods, e.g.
magnetic or heavy media techniques, and therefore almost the entire volume of ore must go
directly to metallurgical plants. Thus, laterite processing tends to be more cost-intensive, but
mining costs are usually much lower than for sulphidic ores. These differences, plus the
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availability of by-product value, can have an important influence on the viability of a specific
deposit and whether refined metal or ferro-nickel is produced from it.

1.8.1.3 Production and use

Nickel products can be divided into three groups based on the industry classification that is
recognised internationally:

Class I - refined nickel, nickel content of 99 % or more. The group includes electrolytic nickel,
pellets, briquettes, granules, rondelles and powder/flakes.

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

Class 111 - chemicals: nickel oxides, sulphate, chloride, carbonate, acetate, hydroxide, etc.

Global primary nickel production in 2005 was approximately 1.3 million tonnes and the
production capacity approximately 1.45 million tonnes. In Europe the production capacity was
approximately 229 000 tonnes and the consumption was approximately 410 000 tonnes in 2005
(see Figure 1.6). The actual production in total from the sites given in Table 1.25 was around
279 000 tonnes in 2008 compared to 182 000 tonnes in 2000.

Other; 10%

Plating; 11%

Foundry; 4%

Stainless steel;
60%

Non-ferrous
alloys; 10%

Low-alloy steels;
5%

Figure 1.6: European uses of nickel in 2005

Growth in primary nickel use in western Europe between 1950 and 2005 (4.7 % yearly)
exceeded the increase in global use but the rise since 2000 has been very subdued (slightly
below 1 % yearly). The share of western Europe in global primary nickel use has been gradually
declining, from its peak in 1998 (38 %) to 33 % in 2005.
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1.8.1.4 Production sites

Table 1.25, Table 1.26 and Figure 1.7 show the production sites where nickel is produced in
Europe (in 2013 it was reported that Treibacher is no longer producing nickel).

Table 1.25: Nickel production sites in Europe in 2006

Source of raw Production
Producer - capacity By-products
materials .
(t Nilyr)
Boliden, Cu precipitate
. . . Sulphuric acid

Finland and Finland, Brazil .

. . - 66 000 Co sulphate solution
Norilsk Nickel, and Australia suloh
Finland N! sulphate

Ni hydroxycarbonate
Eramet, France New Caledonia (%) 16 000 COb‘:iIt chlonde
Ferric chloride

Xstrata, Canada and 86 000 Cu, Co, Sulphuric acid
Norway Botswana
Vale,
United Canada (V) 41 000 Nickel metal
Kingdom
Trelbgcher, Secon_dary raw <1000 FeNi
Austria materials
Larco, Greece Greece, Turkey 25000 FeNi
Total 235 000
(%) Nickel in matte.

Table 1.26: European production of nickel from 2006 to 2012 in tonnes per year

Country 2006 2007 2008 2009 2010 2011 2012
Finland 47 469 55 000 51 963 41 556 49772 49 823 46 275
France 13700 14 800 13 700 13 900 14 400 13 700 14 500
Greece 17 700 18 668 16 640 8269 13960 18 530 18 630
New Caledonia 48 723 44 954 37 467 38 230 39 802 40513 43 030
Norway 82 257 87 600 88 700 88 577 92 185 92 000 | 92 000
United Kingdom | 36 750 34 050 40 800 17 800 31600 37 400 34 300
Total 247 499 | 255972 | 249770 | 209 032 | 242 719 | 252 966 | 249 735
NB: Data relate to refined nickel plus the nickel content of ferro-nickel, nickel oxide and nickel salts.
Source: [ 363, Brown et al. 2013 ]

Non-ferrous Metals Industries 39



Chapter 1

Larco, Greece
1%

Treibacher, Austria Boliden and Norilsk
0.4 % Nickel, Finland
28 %

Vale INCO, UK
17 %

\ Eramet, France
7 %

(
Xstrata, Norway
37 %

Figure 1.7: European nickel production in 2006

1.8.15 Key environmental issues

The emission of sulphur dioxide to air from the roasting and smelting of sulphidic concentrates
is a potentially serious environmental issue. This problem has been effectively solved by the EU
smelters which now achieve, on average, a 98.9 % fixation of the sulphur and produce sulphuric
acid and liquid sulphur dioxide. Diffuse emissions of dust, metals and solvents are also an issue
and need to be prevented or 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 also
related to the exhaust 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 as lead. There is also
the potential for the formation of PCDD/F due to the presence of small amounts of chlorine in
the secondary raw materials, and the destruction of PCDD/F is an issue that is being pursued.

Nickel is a sustainable commodity. Stainless steel and other nickel-bearing alloys are the
primary sources of secondary nickel. It is estimated that around 80 % of the nickel produced is
recycled from new and old stainless steel 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 alloys are essential and cannot be substituted with other materials.
The use of nickel in applications where its strength, corrosion resistance, high conductivity,
magnetic characteristics and catalytic properties are exploited is seen as a positive
