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Preface

PREFACE

[Note to the TWG: This section has been completely rewritten compared to the original STM
BREF]

1. Status of this document

Unless otherwise stated, references to ‘the Directive’ in this document refer to Directive
2010/75/EU as amended by Directive 2024/1785/EU of the European Parliament and of the
Council on industrial emissions and livestock rearing emissions (integrated pollution prevention
and control) (Recast).

This document is a working draft of the European Bureau for Research on Industrial
Transformation and Emissions (EU-BRITE), formerly known as the European IPPC Bureau —
EIPPCB, (of the Commission’s Joint Research Centre). It is not an official publication of the
European Union and does not necessarily reflect the position of the European Commission.

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
(TWQG) that was the main source of information for drafting this document. The work of the
TWG was led by EU-BRITE (of the Commission’s Joint Research Centre).

3. Structure and contents of this document

Chapters 1 and 2 provide general information on the Surface Treatment of Metals and Plastics
and on the industrial processes and techniques used within this sector.

Chapter 3 provides -data and information concerning the environmental performance of
installations within the sector, and in operation at the time of writing, in terms of current
emissions, the consumption and nature of raw materials, water consumption, use of energy and
the generation of waste.

Chapter 4 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 and emerging techniques. 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.

Chapter 5 presents the BAT conclusions as defined in Article 3(12) of the Directive.

Concluding remarks and recommendations for future work are presented in Chapter 6.
[This chapter will be drafted and shared for comments at a later stage.]|

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
Article 13 of the Directive. The information has been collected and assessed by EU-BRITE (of
the Commission’s Joint Research Centre) who led the work on determining BAT, guided by the
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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:

e identification of the key environmental issues for the sector;
e cxamination of the techniques most relevant to address these key issues;

e identification of the best environmental performance levels, on the basis of the data
available in the European Union and worldwide;

e 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;

e sclection 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 III to, the Directive.

Expert judgement by EU-BRITE 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 Chapter 4. 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
greatly 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.

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 Bureau for Research on
Industrial Transformation and Emissions (EU-BRITE) at the Joint Research Centre (JRC) at the
following address:

European Commission

JRC Directorate B — Fair and Sustainable Economy

European Bureau for Research on Industrial Transformation and Emissions (EU-BRITE)
Edificio Expo

c¢/Inca Garcilaso, 3

E-41092 Seville, Spain

Telephone: +34 8545 90594

E-mail: JRC-B5-EUBRITE@ec.europa.eu

Internet: http://eippcb.jre.ec.europa.eu
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Scope

SCOPE

[Note to the TWG: This section has been completely rewritten compared to the original STM
BREF]

This BREF concerns the following activities specified in Annex I to Directive 2010/75/EU as
amended by Directive (EU) 2024/1785:

2.3. Surface treatment of metals or plastic materials using an electrolytic or chemical
process where the volume of the treatment vats exceeds 30 m®.

6.11. Independently operated treatment of waste water not covered by Directive
91/271/EEC!, provided that the main pollutant load originates from the activities covered by
these BAT conclusions.

This document covers the porcelain (vitreous) enamelling of metals and also the following:

° The manufacturing of semiconductors covered by the activity description in point 6.7 of
Annex I to Directive 2010/75/EU as amended by Directive (EU) 2024/1785.

° The combined treatment of waste water from different origins, provided that the main
pollutant load originates from the activities covered by these BAT conclusions and that
the waste water treatment is not covered by Directive 91/271/EEC".

° Combustion processes directly associated with the activities covered by these BAT
conclusions provided that the gaseous products of combustion are put into direct contact
with material.

This document does not cover the following:

° Waste water from indirect cooling systems. This may be covered by the BAT conclusions
for Industrial Cooling Systems (ICS).

o On-site combustion plants generating hot gases that are not used for direct contact
heating, drying or any other treatment of objects or materials. These may be covered by
the BAT conclusions for Large Combustion Plants (LCP) or by Directive (EU)
2015/2193 of the European Parliament and of the Council?.

Other reference documents which could be relevant for the activities covered by these BAT
conclusions include the following:

o Surface Treatment Using Organic Solvents (STS);

o Waste Treatment (WT);

o Monitoring of Emissions to Air and Water from IED Installations (ROM);
° Economics and Cross-Media Effects (ECM);

o Emissions from Storage (EFS);

o Energy Efficiency (ENE).

! Council Directive 91/271/EEC of 21 May 1991 concerning urban waste-water treatment (OJ L 135, 30.5.1991, p.
40).

2 Directive (EU) 2015/2193 of the European Parliament and of the Council of 25 November 2015 on the limitation of
emissions of certain pollutants into the air from medium combustion plants (OJ L 313,28.11.2015, p. 1).
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Chapter 1

1 GENERAL INFORMATION ON THE SURFACE TREATMENT
OF METALS AND PLASTICS

Treating the surfaces of metals

The surface treatment of and by metals dates back to early man using gold decoratively before
4000 BC. Gold and silver plating (including their deposit from amalgams) was well-known by
the 13th century AD, and tin plating of iron was carried out in Bohemia in 1200 AD. In the mid-
19th century, the electrodeposition of metals was discovered enabling new possibilities, which
are still being extended [4, Cramb, 1996], [5, Hook and Heimlich, 2003 |;-4+-2663.

The surface properties of metals are typically changed for:

e decoration and/or reflectivity
e improved hardness (to maintain cutting edges and resistance to damage and wear)
e prevention of corrosion.

Currently, the main areas of application are: automotive and transportation, packaging, building
and construction (for more information, see Section 1.1) [118, ESTAL, 2003]. Two further
commercial areas of application have emerged since the 1960s:

e in microelectronics, especially with the advent of telecommunications and
microprocessor controls in many common appliances. These demand mass-produced
components with high conductivity capable of carrying very small electrical currents.
This is achieved by applying precious metal plating on cheaper substrates

e in printing, where aluminium is usually the substrate of choice for lithographic plates.
The aluminium is first treated by electrochemical graining and anodic oxidation
(anodising) prior to photosensitive treatments.

Treating the surfaces of plastics

Plastics are now widely used in their own right and not only to replace metals. However,
although they can be easily formed, may be flexible or rigid, and are corrosion-resistant and
insulating, they lack other desirable properties. This has led to demands to change the surface
properties of these new materials for:

e decoration, to achieve a high value, metal-like appearance similar to gold, brass, and
chromium

e reflectivity, similar to chromium

e durability, as plastics are generally softer than metals

e clectrical conductivity, usually in selected areas.

These requirements are met by depositing layers of metals on the surface of the plastic.

Printed circuit boards are a specific case, where intricate electronic circuits are manufactured
using metals on the surface of a plastic — usually resin or glass fibre board but also plastic films.
A complicated series of processes removes and adds successive layers of metals as circuits to
connect small holes. The inside surface of these holes are also coated with metal during the
processes to enable electronic components to be subsequently soldered into them.
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Chapter 1

Semiconductor manufacturings

A semiconductor is characterised by its electrical current conductivity, which is between an
insulator and a conductor. With the help of doping, i.e. the introduction of impurities into the
crystal lattice, the semiconductor’s ability to conduct electrical current can be adjusted in such a
way as to make it an ideal way to control electrical current. Diodes, transistors and integrated
circuits are made of semiconductors, which are vital components of today’s electronic
equipment and devices such as LED lighting and photovoltaic  cells.
[https://www.techtarget.com/whatis/definition/semiconductor]

The most widely used semiconductor material is silicon (Si). The purification of metallurgical
to polycrystalline Si is performed via the Siemens process. Subsequently, the polycrystalline Si
is converted into a single crystal. Eventually, wafers, i.e. very thin slices of semiconductors with
highly accurate dimensions, are produced from the single Si crystal, which is the most
demanding step in the production of electronic-grade Si. [Winnacker, Albrecht. The Physics
behind Semiconductor Technology. 2022. https://doi.org/10.1007/978-3-031-10314-8; Chapter
5]

The Si wafer is used as substrate and modified with several surface treatment techniques such
as:

photolithography to transfer the required pattern onto the wafer via a photomask;
deposition to establish dielectric or metal films;

etching to remove parts of dielectric or metal films;

doping to form n-type and p-type regions.

[Lian, Yaguang. Semiconductor Microchips and Fabriaction. A practical Guide to Theory and
Manufacturing. 2023. ISBN: 9781119867791; Chapter 11]
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Chapter 1

1.1 Industries using surface treatments
TWG please provide updated information

The surface treatment of metals and plastics does not itself form a distinct vertical industry
sector. Surface treatments do not create products; they change the surface properties of
previously formed components or products for subsequent use. Printed circuit boards as well as
semiconductors might be considered products but are components manufactured for use in other
products, and are made by a considerable number of interdependent manufacturing stages. The
surface treatment of metals and plastics is therefore largely a service to many industries and
examples of key customers are given below:

e automotive e food and drink containers

e aerospace e printing

¢ information systems e domestic appliances

e telecommunications e jewellery, spectacles and ornaments
e heavy engineering e furniture

e construction (building) e clothing

e bathroom fittings e coinage

e hardware e medical.

The market structure in volume is approximately: automotive 22 %, construction 9 %, food and
drink containers 8 %, electric industry 7 %, steel semi product 7 %, electronic industry 7 %,
industrial equipment 5 %, aerospace industry 5 %, unspecified 30 % [121, France, 2003]. Table
1.1 sets out examples of key treatments and their uses.
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Table 1-1: Examples of key treatments and their uses
Treatment type Substrate Example workpieces Effect achieved
Fastenings (nuts, bolts, screws, nails, specialist design, etc.) for construction, automotive,
Zinc plating and chromium Steel furniture. corrosion protection
passivation Automobile brake system components, windscreen washer system components. decoration
Chassis and casings for domestic goods (TVs, Hi-fis, videos, washing machines, fridges).
Heavy duty engines (marine, etc.). .-
. ; . . 4 durability
. . Rolling mill bearings (steel and non-ferrous metal). Rollers (in paper mills). . L
Hard chromium plating Steel . prevention of sticking
Aerospace undercarriage and control components. micro-smooth surface
Medical equipment. Automotive shock absorbers [157, ACEA, 2004].
. . . . . . i tecti
Chromium plating Steel coil Food, domestic and commercial products packaging (cans) corrosion protection
decoration
Nickel, autocatalytic plati . . . . . . : .
ickel, autocatalytic plating Plastic, steel, Bathroom fittings. Furniture fittings. Textile and printing machinery. decoration

(for subsequent chromium
plating)

aluminium, etc.

Automotive trim [124, Germany, 2003].

corrosion protection

Coins (all EU currencies).

corrosion protection

Nickel, electrolytic Steel Fittings (screws, etc.). Automotive trim [157, ACEA, 2004]. decoration

Copper anq copper alloy Steel Cplps (all EU currencies). decoration

(brass) plating Fittings.

Cadmium plating Steel Aerospace fittings. corrosion prevention

prevention of sticking

Gold plating

Copper, printed
circuit boards

Connectors and wires for telecommunications and IS hardware.

corrosion prevention
high conductivity

Precious metal plating (gold,
silver, iridium, platinum)

Steel, copper,
brass, alloys

Jewellery, ornaments (hollowware), spectacle frames.

decoration
corrosion prevention

Automotive components [111, ACEA, 2003].
Acrospace wing and fuselage panels.

corrosion protection

Anodisin Aluminium oy . . ti ith ithout
£ Building door and window frames, cladding panels. Szf;?) ion (with or withou
Packaging and consumer goods.
.. . . . . . . . durability, increased
Hard anodising Aluminium Bearing surfaces in turbine compressor housings for automotive engines. Y5

hardness

Conversion coatings, such as
phosphating, chromating and
others [118, ESTAL, 2003]

Steel, aluminium
and other metals

Nuts, bolts, screws, tubes.

Engine pinions, camshafts, pistons, gears, valves.

Cold forming of wires, tubes, etc.

Food and domestic goods packaging. Automotive bodies and panels [111, ACEA, 2003].
Domestic electrical goods, etc.

corrosion protection
durability (surface
lubrication for cold drawing,
or forming)

overcomes surface
irregularities

adhesion of paints
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Treatment type Substrate Example workpieces Effect achieved
Printed circuit boards (tin and | Copper on Control systems for aerospace, automotive products (engine management, braking, etc.), e circuit systems
copper plating, etching,etc.) plastics telecommunications and IS, domestic goods.

Semiconductors,
Semiconductor manufacturing ©-& sﬂu;on, Electronic devices, including diodes, transistors and integrated circuits ‘ a.dJus'ted conductivity
germanium, e circult system

gallium arsenide

February 2025
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1.2  Industry structure and economic background

1.21 Equipment lifetime

The vast majority of process lines are modular and the actual plant life is difficult to quantify as
individual modules are repaired or replaced as necessary. Typically, complete production lines
are only replaced at long intervals (when maintenance of individual modules is no longer
sufficient), or when radically new technology is introduced. However, for large scale surface
treatment operations such as steel coil coating and treating automotive bodies and panels, capital
investment can be many millions of euros (and up to EUR 500 million for a complete paint shop

installation) with a lifetime of 20 to 40 years—Depreetation—is—usually—over20—years [111,
ACEA, 2003].

1.2.2 Type and size of installations

The surface treatment of metals and plastics discussed in this document is carried out in more
than 18 300 installations (both IEDHPPE and non-IEDHPPRE) in Europe, ranging from small
private companies to facilities owned by multinational corporations. The large majority are
small or medium enterprises (SMEs, [61, EC, 2002]); in Germany the typical number of
employees is between 10 and 80. Altogether, the industry for the surface treatment of metals
and plastics employs about 440 000 people in Europe. These figures include manufacturers of
printed circuit boards, but exclude the semiconductor manufacturing industry. While there are a
relatively small number of semiconductor manufacturing installations in Europe, i.e. about 60
[https://www.dpsgroupglobal.com/news-and-insight/european-chips-act-and-upcoming-eu-
semiconductor-projects-for-2023-2024/], approximately 200 000 jobs are directly linked to the
semiconductor industry in the EU
[https://www.eusemiconductors.eu/sites/default/files/20240131 EUTalentPool.pdf].

More than 10 000 (55 %) are specialist surface treatment installations (known as job or jobbing
shops). The remaining 8 300 (45 %) are surface treatment shops within another installation
typically also an SME. The majority of jobbing shops serve more than one industry (see those
listed in Table 1.1). There is no installation typical of the whole range of activities, and even
though there are strong similarities between sites engaged in the same activities, no two sites
will be identical. [3, CETS, 2002], [104, UBA, 2003] For gathering economic statistics,
electroplating, plating, polishing, anodising and colouring are classified under the Standard
Industrial Classification (SIC) code 3471, but this includes establishments engaged in all types
of metal finishing. Companies that both manufacture and finish (surface treat) products are
classified according to the products they make. The semiconductor manufacturing industry is
covered by the SIC code 3674. For data on sources of emissions, the industry is classed under
general purpose manufacturing processes (for emissions, NOSE-P 105.01 [2, EC, 2000]). These
groupings make the extraction of data for specific surface treatments or for the whole sector
difficult as they cannot be differentiated readily from the other engineering activities.

Surface treatment is positioned between initial workpiece or substrate manufacture and final
product assembly, completion and packaging. Treatment (both in jobbing shops and many in-
house workshops) often has low priority in the production chain, although there are significant
exceptions. Low priority can result in insufficient attention to correct and up to date
specifications, insufficient attention given in product design to minimise and reduce
consumptions, as well as a lack of investment.

Surface treatment is usually carried out after the primary metal or plastic has been formed into
workpieces or shaped substrates, such as nuts, bolts, pressed or moulded components, sheets, or
coils. They may even be sub-assemblies made of several components, often of different
materials. These components and sub-assemblies can be complex shapes which have been
pressed, cast and/or machined. However, in coil processing the surface treatment is applied
before the substrate used. The size varies from wires to steel strip 2008 mm wide. In smaller
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scale reel-to-reel applications, copper, brass or other alloys are also coated. Printed circuit
boards are made from plastic or glass fibre boards which are already laminated (usually with
copper) or plastic films.

Process lines are usually modular, and small lines can be easily assembled as a series of tanks.
However, large automated lines and the modules in those installations handling steel coil on a
large scale, or large components such as parts of aircraft wings, are typically specialist, large
and capital intensive. This also holds true for the manufacturing of semidconductors: the
stringent requirements, for example on precision and cleanliness, make the sector highly
specialised and cost-intensive.

Most installations, particularly the jobbing shops, will operate multiple lines side by side. This
assists in increased capacity and reliability of delivery, and allows the installation to offer
different treatments (jig, coil or small scale coil, see Chapter 2) for different products and prices
and/or to offer different finishes. In these cases, peint2-ef Annex I to the IPRE IED Direetive
statesapphies: “Where one operator carries out several activities falling under the same
subheading in the same installation or on the same site, the capacities of such activities are
added together” [1, COM 2024E€—1996].As an example of geographic distribution and
structure of the industry, in France the industry is widely spread, with concentrations in the
south east (21 %) and the Paris area (24 %). The number of surface treatment installations
where the volume of treatment vats exceed 1.5 m® is 2250 (the threshold level for French
national legislation), and the number where the volume of treatment vats exceed 10 m® is 1260
[121, France, 2003].

1.2.3 Technical characteristics of installations

Due to the modular nature of the process lines, some techniques can be installed or changed
relatively quickly and cheaply. For instance, some process solutions are changed on a regular
basis, others are expensive with a long life and change is an investment decision. Some
techniques may require alterations or extensions to production lines. Although the modular
nature facilitates such changes, in many cases other factors will affect the ease of change, such
as the limits of transporter mechanisms and control systems, and the space available in the
installation. In-house operations tend to be for specific products. Introducing changes for these
and for plants handling larger products such as steel coil coating, aerospace parts or automotive
bodies may be technically more difficult and/or involve higher capital costs. For larger plants,
depreciation is usually between 6 and 20 years [157, ACEA, 2004].

Because of overcapacity in the sector, it is rare for totally new plants for conventional surface
treatment to be built. In existing installations, it is more common to replace modules or lines. In
contrast, semiconductor manufacturing is a special case. As it is a strategic asset, the expansion
of'semiconductor manufacturing is targeted by the European Chips Act to decrease the global
dependency on a limited number of suppliers [https://commission.europa.eu/strategy-and-
policy/priorities-2019-2024/europe-fit-digital-age/european-chips-act_en]. Therefore,  the
semiconductor manufacturing industry is expected to grow significantly in Europe
[https://www.dpsgroupglobal.com/news-and-insight/european-chips-act-and-upcoming-cu-
semiconductor-projects-for-2023-2024/].

1.24 Market structure
1.2.4.1 Competition

The low cost and ease of modular construction of conventional surface treatment lines is a low
barrier to entry. Businesses treating the surfaces of metals and plastics using only one or two
process lines, often of small vat volumes, are frequently in direct competition for some
customers with installations operating larger process lines utilising more abatement techniques.
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Semiconductor manufacturing is characterised by significant barriers to entry, which results in a
relatively small number of larger installations. However, these installations are in competition
with other installations around the world.

While this industry serves several major manufacturing areas, there is a high concentration of
customers in some areas (such as the automotive industry) with highly competitive markets, and
surface treatment overcapacity. Very few jobbing shops are large enough to serve more than
three or four industry types or provide more than three finish options, with most company
business strategies focused on specialising in certain finish types. There are some limited
opportunities to differentiate the business by providing specialist treatment finishes and/or by
specialist quality standards, or for vertical integration such as manufacturing the components to
be treated. The in-house installation is the complete vertical integration of the business. The
large scale production lines depend on large volumes of very specific surface finishes, such as
one type of coating for steel coil, and typically opportunities for diversification or new markets
are extremely limited.

1.2.4.2 Extent of the market

The geographic size of the market is often proportional to the degree of specialisation of the
treatment. Those treatments that are widely carried out by jobbing shops (such as zinc plating
with chromium passivation) are carried out on a very local basis, with customers usually
controlling the price. Other, more specialised, finishes where the higher price justifies transport
costs (such as cadmium plating or anodising of large components to aerospace specifications)
may be carried out on a national scale, or even between neighbouring countries. However, the
concentration of surface treatment installations within Europe usually means physically
extending markets brings more competitors within range.

The extent of the market for the customers’ goods is also an important factor. During 2001 and
2002 the volume of business in the light engineering industries fell by 30 % across Europe. This
was due to the increased exporting of the total manufacture of engineered components and
assemblies to Asia (Verbal discussions, TWGQG).

Despite a constantly growing global PCB market, reaching almost USD 70 billion in 2023, the
European PCB production industry has experienced a significant decrease in productivity over
the last two decades. One reason for the decrease in PCB production in Europe is the
availability and import of cheap PCBs from Asia, with China dominating PCB production. In
2022, Europe only contributed 2.3% to the global PCB supply, and further significant European
PCB production sites in Germany, Czechia, France and Estonia stopped operations afterwards.
The trend of declining PCB production in Europe is expected to continue, leading, on the one
hand, to a further drop in the European PCB supply to 1.7%, and, on the other hand, an
intensified reliance on PCB imports. (https:/www.power-and-beyond.com/european-pcb-
industry-crisis-a-bb7293096ca632378b998846d6e9%ac/)
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Semiconductors are globally traded goods. Therefore, European semiconductor manufacturing
installations, contributing 8% to the global commercial semiconductor fab capacity in 2022,
compete with many other countries. Big players in the semiconductor manufacturing are China
(24% of global commercial semiconductor fab capacity), Taiwan (18%), South Korea (17%),
Japan (17%), and the uUsS (10%). (https://www.semiconductors.org/wp-
content/uploads/2024/05/Report  Emerging-Resilience-in-the-Semiconductor-Supply-
Chain.pdf)

1.24.3 Market substitutes

Substitutes in this context [88, COM, 2006] means alternative, competing ways for the customer
to achieve the desired result, and not the substitution for chemicals or other processes described
in Section 4.2.6.9. Alternatives are readily available for many of the surface treatments of
metals and plastics. The customer may change to one of these alternatives because of price or
for design reasons. This type of substitution can take three forms:

e a different surface treatment system. For example, electrolytic or chemical treatments
compete with surface treatments by solvent-painting: painted car door handles have
largely replaced chrome-plated ones; lithographic printing from aluminium plates can
be replaced by laser or ink jet for small runs

e component manufacture from a different material. The customer may redesign the
products or components from alternative materials, reducing the need for surface
treatment. For example, paint or foodstuffs can be sold in plastic containers instead of
metal cans; lithographic plates can be produced with different substrates such as plastics

e a combination of the above. Car light reflectors can now be moulded from plastic with
vapour deposition of a metal, instead of copper/nickel/chrome plating of a steel
pressing.

Figure 1-1 and Figure 1.2 both show example activities where customers can switch between
anodising and other coatings, according to design trends, customer specification requirements
and cost.

1.2.5 Summary of general economic situation
Opportunities to pass increased costs to customers are limited because of:
o the large number of surface treatment installations competing for a decreasing number
of customers

the decline of engineering businesses in Europe
e the increasing substitution options (as described above).
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1.3  Specific industry activities

1.31 Anodising of aluminium architectural-panels-and-profiles

[175, ESTAL 2024]

Anodic oxidation coating, or ‘anodising’, is an electrochemical process reinforcing the natural
oxide film on the aluminium surface, increasing hardness and corrosion and abrasion resistance.
Anodising gives a decorative silver matte surface finish, and coloured surfaces can also be
obtained by sealing colorants into the anodised layer. Anodising is mostly a batch process,
applicable to all types of aluminium semi-products (profiles, sheets, castings, etc.), but coiled
sheets can also be anodised in a continuous process.

While there are only a small number of companies dealing with continuous coil anodising, there
are about 150 aluminium-dedicated batch anodising plants in the EU, mostly SMEs, plus several
general metal finishers that are also active in anodising as a complementary activity, even
sometimes combining plating and anodising on the same line.

Most batch anodising lines are horizontal but vertical ones also exist. Vertical lines are used for
a small variety of treated parts, but with a huge throughput, while it is the opposite for
horizontal lines. From the point of view of consumption of materials, energy and water, vertical
lines cannot be compared with horizontal ones.

Most aluminium anodising plants use the sulphuric-acid-based process. The chromic-acid-based
process is also used, but limited to aerospace and military applications.

Quite different anodic layer thicknesses may be applied, varying from 3 pm to over 100 pm,
depending on the alloy treated and customer (product) requirements. The thickness of the anodic
layer influences the electricity consumption of the process.

The post-treatment sealing, which aims at plugging the pores of the anodic layer, can be done at
various temperatures which have a significant impact on the energy consumption.

1.3.2 Large scale continuous coating of steel

There are four types of electrolytic treatment systems applied to steel coil in the EU-5: tin
plate, chromium (ECCS: electrolytic chrome coated steel), zinc or zinc-nickel alloy and lead
[19, Eurofer, 2003]. In the Czech Republic, copper, brass, nickel, and zinc are applied to steel
strip in widths of 145 — 265 mm. [116, Czech-Republic, 2003] No data are known for other
European countries.
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Electrolytic tin plate and electrolytic chromium coated steel (ECCS)

The main application for the substrate from this process is packaging. The production of
continuous electrolytic tin plate and electrolytic chromium (ECCS) in EU-15 was 4800 kt in
2000. The trend in production for both tin plate and ECCS is shown in Figure 1-1 and by
country in Table 1.2.
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Figure 1-1:

Table 1-2:

Steel for packaging (tin plate and ECCS) production in EU-15 (in kt)

Production tonnages for the year 2000 for both tin plate and ECCS by country in EU-
15

Production (kt) Production (kt)
Country tin plate in 2000 ECCS in 2000
nd = no data nd = no data

Austria nd nd
Belgium 281 12
Denmark nd nd
Finland nd nd
France 886 207
Germany 802 147
Greece 69 nd
Ireland nd nd

Italy 283 67
Luxembourg nd nd
Netherlands 612 51
Portugal 76 nd
Spain 494 61
Sweden nd nd
United Kingdom 588 147
Totals for data given 4091 692
EUROFER STATS [19, Eurofer, 2003]

3

APEAL: - The Association of European Producers of Steel for Packaging — a federation of four

multinational producers of steel packaging for Europe across seven countries. This represents some 90 % of the total
European production of steel for packing and hence of tin plate and ECCS lines.
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Tin plate and ECCS activities annual turnover is in the order of EUR 3 000 million and employs
directly and indirectly 15 000 people (2003 data).

There are installations in nine Member States. The number of continuous coil production lines
in EU Member States operating, under construction and planned is shown in Table 1.3.

Table 1-3: Number of continuous lines producing both tin plate and ECCS in EU-15

Country No of tin plate lines | No of ECCS lines
nd = no data nd = no data

Austria nd nd
Belgium 1 1*
Denmark nd nd
Finland nd nd-
France 5 5%
Germany 3 1
Greece 1
Ireland nd nd
Italy nd nd
Luxembourg nd nd
Netherlands 4 2 including tinning*
Portugal 1 0
Spain 4 1*
Sweden nd nd
United Kingdom 2 1
* Indicates lines that can produce tin plate ECCS [119, Eurofer, 2003].
[19, Eurofer, 2003]

Figure 1-2 shows the share of tin plate and ECCS consumption by industries in the EU-15 with
an average annual production close to five million tonnes. Steel packaging of human and pet
food represent the main application with a 48 % share, followed by general production lines (for
paint cans, industrial cans, etc.).

General line
21 %

Food
48 %

Beverage
16 %

Aerosols
. Closures 6 %
Non-packaging 7% o

2%

APEAL [19, Eurofer, 2003]

Figure 1-2: Main consuming industries for tin plate and ECCS outputs

Continuous electrolytic zinc and zinc nickel (Zn and Zn-Ni) coating of steel
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Since the 1970s, the production of zinc and zinc alloy-coated steel sheet has increased
significantly. This has been largely for the automotive industry in response to the demand for
anti-corrosion guarantees and longer vehicle lifetimes.
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[19, Eurofer, 2003]

Figure 1-3: Production of continuous electrolytic zinc/zinc-nickel in EU-15 (in kt)

The production of continuous electrolytic Zn or Zn-Ni coating steel was 5.37 Mt in 2001. The
evolution of the production in the EU-15 is shown in Figure 1-4, below.
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[19, Eurofer, 2003]

Figure 1-4: Production of continuous zinc and zinc-nickel coating steel in EU-15 (in kt)

Continuous electrolytic lead coating of steel

There is only one continuous lead coating plant in Europe (Austria). This plant will lose key
European automotive customers and is due to close by 2005 — 6. This is due to European
legislation controlling the amount of lead in end-of-life vehicles [99, EC, 2000].

Other continuous electrolytic coating of steel

In the Czech Republic, there is an installation for the continual application of metallic coatings
(copper, brass, nickel, zinc) on steel strip (width 145 — 265 mm) with a total capacity 8000 t/yr
steel. [116, Czech-Republic, 2003]
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1.3.3 Coil and sheet anodising for lithographic (offset) printing plates

Lithographic or offset printing uses an intermediate roller to transfer ink from a plate to paper. It
requires plate-making that is simple, quick, and economical. Aluminium is the usual substrate of
choice. There are two types of plates: [38, Ullmann, 2002/3]

e pre-sensitised (PS) plates (manufactured with a photosensitised finish). Current world
sales are about 180 x 10° m?

e wipe-on plates which are not pre-coated and are coated by the printer as required. They
are still being used in some countries, mainly the United States and Eastern Europe.
Worldwide consumption amounts to about 30 x 10° m?.

1.3.4 Continuous coil processing of aluminium

Besides continuous coil anodising mentioned in Section 1.3.1 and continuous coil coating with
wet paint, which is not within the scope of the current BREF (but in the STS BREF [90, COM
2020]), other continuous processes can be applied to aluminium coils.

These are mainly treatment process steps before coils are shipped to customers who will deal
with the final coating step.

Such process steps can include various combinations of the following: degreasing, etching,
application of conversion layer (e.g. Cr-IlI, Ti, Ti-Zr and/or other passivation processes (e.g.
polymer), oiling.

Instead of treatment by immersion, spaying techniques, roller coaters or -electrostatic
applications are more and more widely used. In this case, there are no surface treatments vats.

Degreasing as such may not be considered a surface treatment because the altering of the
substrate is not the purpose of the process.

Oiling may also not be considered a surface treatment because it does not alter the substrate.

Some lines include treatment steps that are not a surface treatment, e.g. tension levelling,
metallurgical thermal treatment like annealing. These lines can also be operated without any
surface treatment, e.g. tension levelling only.

The various combinations of the above-listed process steps are very heterogeneous because of
the variety of customer requirements, and they are nearly always integrated in rolling mills
where other activities possibly covered by other BREFs may take place.

1.3.5 Printed circuit boards

The world market for PCBs in 2023 was USD 69 690 million, while the market is projected to
grow from USD 71.57 billion in 2024 to USD 113.49 billion by 2032, exhibiting an annual
growth rate of 5.9%. Asia-Pacific dominated the global market with a share of 56.69% in

DDG/GCH/ES/EU-BRITE/STM_Draft 1 Februar 2025 13



Chapter 1

The figures below give an idea of the composition of the various segments of the industry”:

By type:
e Rigid PCBs: USD 43.6 billion (2020), growing to around USD 56.3 billion by 2025.
e Flexible PCBs: USD 14.5 billion (2020), growing to around USD 23.4 billion by 2025.
e HDI PCBs: USD 4.3 billion (2020), growing to around USD 7.3 billion by 2025.

By application:

e Consumer electronics: USD 23.4 billion (2020), growing to around USD 31.4 billion by

o lzl?clzlfétrial electronics: USD 14.5 billion (2020), growing to around USD 20.5 billion by

° 2A?12tf).motive electronics: USD 8.5 billion (2020), growing to around USD 14.5 billion by

o 2Aoe2r(5).space and defense: USD 4.3 billion (2020), growing to around USD 6.5 billion by
2025.

By region:

e Asia-Pacific: USD 55-60 billion (2020), growing to around USD 70-75 billion by 2025.
e FEurope: USD 4-5 billion (2020), growing to around USD 5-6 billion by 2025.

e Americas: USD 3-4 billion (2020), growing to around USD 4-5 billion by 2025.

Production of PCBs in Europe

The European printed circuit -board (PCB) manufacturing industry is a significant sector that
contributes to the region’s electronics manufacturing capabilities. An overview of the industry
in terms of the number of plants, revenue and employment in Europe and the EU-27 is given
below:

Number of plants

There are approximately 150 PCB manufacturing plants in Europe, with around 120 of them
located in the EU-27 countries’. The majority of these plants are small- to medium-sized
enterprises (SMEs), with only a few large-scale manufacturers. The European PCB industry
produced around 150 million square metres of PCBs in 2020.

The EU-27 countries accounted for around 80% of the European PCB market revenue, with
Germany and France being the largest markets.

The European PCB manufacturing industry employs around 15 000 people directly, with a
significant proportion of them working in the EU-27 countries.

The industry also supports a larger ecosystem of jobs in related sectors, such as electronics
manufacturing services (EMS), original equipment manufacturing (OEM), and research and
development (R&D).

4 https://www.fortunebusinessinsights.com/printed-circuit-board-market-104947

> https://www.researchandmarkets.com/report/printed-circuit#tag-pos-1 “Printed Circuit Boards: Technologies and
Global Markets”

¢ European Institute for Printed Circuits (EIPC) https://www.ipc.org/europe
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In terms of product type, the European PCB industry can be split into the following categories:

rigid PCBs: around 70-80% of the market share;

flexible PCBs: around 10-15% of the market share;

rigid-flex PCBs: around 5-10% of the market share;

HDI (high density interconnect) PCBs: around 2-5% of the market share.

In Europe, the percentage of high-tech PCB production has grown as a proportion of the total,
showing the technological strength of the European PCB industry. This underlines the trend to
higher specification products, with ever-more detailed structures in the smallest possible
dimensions (see Section 1.2.4.2).

1.3.6 Porcelain (vitreous) enamelling of metals

Porcelain enamelling, also known as vitreous enamelling, is a process used to coat metal
surfaces with a glass-like layer for decorative and protective purposes.

The main production processes for porcelain enamelling of metals include the following:

1. Cleaning: The metal surface is cleaned to remove contaminants and prepare it for
enamelling.

2. Application: The porcelain enamel is applied to the metal surface, usually by dipping,
spraying or brushing.

3. Drying: The enamel is dried to remove moisture and prepare it for firing.

4. Firing: The enamelled part is heated in a furnace to fuse the enamel to the metal surface,
creating a strong bond.

5. Cooling: The part is cooled to room temperature after firing.

Porcelain enamelling is a widely used process in various industries, such as automotive,
consumer goods, and architectural applications. Here are some estimates based on industry
information:

e Automotive industry: Porcelain enamelling is commonly used for decorative and
protective coatings on automotive parts, such as wheels, grilles and trim pieces. The
automotive industry is a significant user of porcelain enamelling, with manufacturers
and suppliers located in various countries, including in Europe, North America and
Asia.

e Consumer goods: Porcelain enamelling is used for household appliances, cookware and
decorative items. Major manufacturers and suppliers of porcelain enamelled consumer
goods are located worldwide, including in Europe, North America and Asia.

e Architectural industry: Porcelain enamelled panels and cladding are used for building
facades and interior design. Major manufacturers and suppliers of porcelain enamelled
architectural products are located worldwide, including in Europe, North America and
Asia.
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1.3.7 Semiconductors manufacturing

Semiconductors are essential electronic circuits or units made of materials such as silicon,
germanium, silicon carbide and others. Semiconductors are integral to electronic devices and
systems comprising components such as memory devices, logic devices, analog integrated
circuits, memory protection units, microcontroller units, discrete power devices, and others. The
global semiconductor industry is growing with rising electronics use and integration across
applications such as networking communication devices, data processing, industrial automation
systems, consumer electronics, automotive, and government projects’.

European semiconductor sales have reached over USD 51.2 billion in 2022. The biggest end-use
segment in the European market is automotive chips (37%) followed by industrial applications
(28%). In 2022, Europe and China were the biggest markets for automotive semiconductors,
accounting for 254% and 26.2% of the global automotive market ~respectively.

(https://www.eusemiconductors.eu/esia)
I Networkang & Communications
I Data Processing
B [ndustrial

I Consumer Electronics

R A utomotive
‘ B Govemment
Source: www.fortunebusinessinsights.com/semiconductor-

Source: https://www.eusemiconductors.cu/esia market-102365

Figure 1-5: Semiconductor market share by application in Europe (year 2022, left) and in the
world (year 2023, right)

There are 60 operating fabs in Europe, 7 in construction, and 8 more in the planning stages.
Two of the seven fabs in construction and all eight in the planning stages have been enabled by
the European Chips Act®.

7 https://www.fortunebusinessinsights.com/semiconductor-market-102365
8 https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/european-chips-act_en
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1.4 Key environmental issues

1.4.1 Overall

The STM industry plays a major role in extending the life of metals, such as in automotive
bodies and construction materials. It is also used in equipment that increases safety or reduces
consumption of other raw materials (e.g. plating of aerospace and automotive braking and
suspension systems, plating precision fuel injectors for automotive engines to reduce fuel
consumption, etc.). The main environmental issues arising from the surface treatment of metals
and plastics relate to energy and water consumption, the consumption of raw materials,
emissions to surface and groundwater, emissions to air and to water, solid and liquid wastes and
the site condition on cessation of activities.

Surface treatments have traditionally been associated with large water usage creating a wet
working environment, although many installations have moved away from this way of working.
The chemicals used have the potential to cause environmental harm particularly to surface
waters, groundwaters and soil. Metals removed from waste waters end up in solid wastes and,
together with some used process solutions, may need special management for recovery or
disposal. The industry can discharge fumes and dust to air, as well as generating noise. The
sector is a significant user of electricity, water and non-renewable resources (metals). The
following issues are crucial:

minimisation of the consumption of raw materials, energy and water
minimisations of emissions by process management and pollution control
minimisation of waste production and its management

improvement of chemical safety and reduction of environmental accidents.

The measures to achieve better environmental performance are frequently complex and have to
be assessed in respect to their potential impacts on the product and other processes (both pre-
and post-treatment), the age and type of installation as well as the benefits to the environment as
a whole. Best available techniques will be balanced against these criteria and therefore include
changes within process units as well as end-of-pipe abatement techniques.

Sophisticated process and treatment techniques play an important part in achieving improved
environmental performance. Competent operation and regular maintenance are as essential as
the choice of technology. Important considerations therefore include good management and
working practices, good process and site design, education of the workforce on environmental
and process performance, workplace safety and accident prevention, and finally, monitoring of
the process and environmental performance.

1.4.2 Water

The activities covered in the scope of this document predominantly use aqueous solutions as the
medium, therefore the management of water, its pathways and targets — the protection of surface
water, groundwater and soils — are central themes. Both in-process techniques and end-of-pipe
processes can affect the type and quantity of solid and liquid wastes produced (sometimes
negatively), as well as changing the quality of waste waters.

Process waters are often treated in on-site waste water treatment plants. The discharge is then
usually to municipal (urban) waste water (sewage) treatment plants, or if the effluent is treated
to a suitable standard, directly to surface waters. This is the principal route for chronic pollution
and can be caused by poor process controls and/or inadequate end-of-pipe controls. This may be
due to poor management and maintenance, or lack of investment.

Although the industry has improved both its practice and infrastructure in many areas, it is still
the source of a significant number of environmental accidents [44, France, 2003]. For France,
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from 1992 to 2002, 1.2 % of all serious industrial water pollution incidents were attributable to
this sector, rising to 5 % for ‘near misses’ [121, France, 2003]. Thames Water plc in the UK has
identified the sector as posing a high risk to sewage and water resource operations [Tempany,
2002 #18]. The impacts can include the loss of biological sewage treatment processes,
disruption of sewage sludge management, as well as damaging water resources for drinking
water use and aquatic ecosystems.

Poor housekeeping or accidents in handling and storing solutions, including the failure of
storage containers and process tanks, cause acute polluting discharges to surface waters, as well
as both chronic and acute pollution events affecting groundwaters and soils. The batch discharge
of used process solutions without adequate treatment [113, Austria, 2003], or which overload
treatment facilities, is also a cause of surface water pollution. Overload may be caused by
poorly designed or out-of-date facilities, production capacity increasing beyond the projected
design capacity, changes in process type and/or poor control of water and material usage in the
processes [158, Portugal, 2004].

Water usage is also an important issue. The largest proportion of water intake is used in rinsing
between process stages and then discharged. In some sites, significant amounts of water are
used in cooling. There may be insignificant amounts of water in wastes and there are some
losses in evaporation from drying components, hot solutions in open tanks and from some
recovery processes. Some water is used in making fresh process solutions (make up); the service
life of these solutions varies according to the activity and throughput.

143 Energy

Electricity is consumed in electrolytic and other electrochemical reactions (inter alia,
electroplating and anodic oxidation). Electricity is also used to operate the process plant and
equipment such as pumps, transporter equipment, other motors and compressors. It may also be
used for supplementary vat heating (by immersion heaters) as well as space heating and lighting
in the installation.

There are transmission losses when electricity is transformed from high to low voltages [111,
ACEA, 2003]. Energy can also be lost when drawing from more than one phase (reactive
energy), as well as in DC (direct current) supplies to the treatment lines. Energy is lost, too, as
heat when electric current is passed through the treatment solutions: some process chemistries
are less energy-efficient than others.

Energy is also consumed in raising the temperature of the process baths, in drying components
and for other heating activities. Losses occur from evaporation and as radiant heat from
equipment. Some process chemistries require more heat energy than others. Energy is also used
in drying workpieces or substrate and in extracting process fumes. [158, Portugal, 2004]

Cooling can consume significant amounts of water in open flow or some cooling towers, and
electricity is consumed by sealed refrigerating systems.

144 Substances of concern

Due the wide range of process activities, the range of substances used and emitted by the
industry is substantial. However, most installations will only use or generate some (and not all)
of these substances [111, ACEA, 2003]. Table 1.4 identifies key substances used and the media
they may affect when emitted. As most substances are used in aqueous solutions, they will be
found in process waste waters as well as in-plant leakages and spills. Very little is known of the
breakdown products in the processes.
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Table 1-4:  Key substances of concern across the sector and media potentially affected
Principal substances of concern Medium affected
Note: It is unlikely that all substances Other issues to be
will be used or arise in one installation, | Water Soil Air .
considered

as they are process-dependent

Metals: See Annex 8.1

Zinc \ \

Copper \ \

Nickel N N Health issues during use and
in products

. Health issues with aerosols

Chromium v v v of Cr(VI) solutions

Lead \ \ Pb and Cd are EU priority

Cadmium \ \ \ | pollutants

Non-metals:

Cyanides \ \ \ | Toxic
Concern for formation of

. AOX with other substances.

Hypochlorite v v Can release chlorine under
certain conditions

AOX (absorbable organic halogens) \ \ May Rgftormid in some
effluent treatments

Peroxides Qxidising agent: storage
issues

Surfactants:

Dispersing agents, emulsifiers, NPE is banned.

detergents, wetting agents (including Health and environment

nonyl and other alkyl phenyl \ issues with PEOSPFAS, see

ethoxylates (NP/NPEs) brightening Annex-82

agents (brighteners), PEOSPFAS

Complexing agents:

EDTA N

Tartrate, EDDS, NTA, gluconate,

Quadrole

Sodium dithionite \ Storage issues

Acids and alkalis:

Hydrochloric, nitric, phosphoric, N N N Acid fumes, particularly

sulphuric, hydrofluoric, acetic NOx

Sodium and potassium hydroxides, lime \ \ Dusts

Other ions \ \ Local environmental issues

Solvents:

Trichloroethylene (TRI) \ \ \

Tetrachloroethylene (PER) \ \ v |Other legislation

Trichlorotrifluoroethane (CFC-113) \ \ \ | applies to air emissions

Methylene chloride \ \ \

Gases:

Chlorine \ Used in cyanide treatment

Dusts \ \ From linishing and polishing

Wastes \ \ \

Process discharge problems with metals, cyanides, surfactants, complexing agents, acids, alkalis
and their salts can be addressed by substituting processes and/or chemicals, and managing
processes and rinsing systems to reduce the amount of chemicals dragged out of the solution on
the substrates being treated. End-of-pipe treatment may also be applied.
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1.4.41 Metals

The main impact of metals is as soluble salts. Metals are conservative materials, that is, they
cannot be created or destroyed: they are neither created nor destroyed in the treatment processes
or in waste water treatment. Their form may be changed and/or managed so they cannot readily
access environmental pathways but their disposal means that the metals still remain in part of
the environment. Options exist for maximising their in-process recovery and recycling as well
as for external recovery. They can also be separated in end-of-pipe systems into sludge. Metals
not removed from the effluent accumulate in sewage sludge or in aquatic ecosytems.
Management routes for municipal waste water treatment sludges vary in all Member States and
are strongly dependent on the acceptability of applying the sludges to agricultural land where
the metal content is a key determining factor.

While all the metals used in surface treatment (including substrates) can have adverse effects,
depending on their speciation, six metals are of most concern for their environmental and/or
health effects: cadmium, lead, nickel, chromium, copper and zinc [114, Belgium, 2003]. A
Commission Decision [2, EC, 2000] implementing an inventory of emissions and sources from
IPPC installations requires the reporting of the quantities emitted above certain thresholds and
the six metals are mentioned in key EU environmental directives, PARCOM (now OPSAR) [12,
PARCOM, 1992] and four are restricted in product-related directives (see Annex 8.1).

Cadmium’s toxic properties are well established and it is a priority hazardous substance
according to the Water Framework Directive [93, EC, 2000]. However, it has certain key
properties important in surface treatment (see Section 2.5.5), for applications with high fail-safe
requirements such as aeronautical and aerospace, nuclear, mining, and communications
applications. Its use is therefore restricted to these by the Marketing and Use Directive as
amended [144, EC, 1976]. These controls have been in place for many years and emissions of
cadmium have been considerably reduced from the surface treatment industry.

Hexavalent chromium has adverse health effects, causing skin and mucus membrane irritation
and certain cancers. Aerosols are generated from the electroplating process solution by cathodic
hydrogen evolution (see Section 2.2.1.3). Workplace health and safety regulations usually
require measures to meet maximum allowable concentrations (MACs). Hexavalent chromium is
also soluble at a wide range of pHs contributing to high aquatic toxicity. Due to its solubility
and chemistry, it must first be reduced to trivalent chromium before precipitation in waste water
treatment plants. Recent Directives [99, EC, 2000, EC, 2003 #98] limit the quantities of
hexavalent chromium (but not the metal) in certain products treated by this industry.

Nickel metal and its salts have adverse health effects: nickel sulphate is currently classed as a
category 3 carcinogen® [105, EC, 1967]. Aerosols and airborne particles can arise from
electroplating and autocatalytic (electrocatalytic) as well as plant and solution maintenance
operations. Again, workplace health and safety regulations usually require measures to meet
maximum allowable concentrations (MACs). Nickel and its salts can cause allergic contact
dermatitis and contact can be avoided by using good health and safety at work practices [144,
EC, 1976, CETS, 2003 #115].

Lead is subject to a review for possible identification as a priority hazardous substance. Recent
Directives [99, EC, 2000, EC, 2003 #98] also limit the quantities of lead in certain products
treated by this industry.

? R40: possible risk of irreversible effects. R42/43; may cause sensitisation by inhalation and skin
contact.
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1.4.4.2 Cyanides

Cyanides are well-known hazardous substances but are still essential in some processes. As well
as their inherent toxicity, cyanides give off cyanide gas in acid conditions. Cyanides can cause
problems in effluent treatment by strongly complexing some metals, such as nickel, and this
interferes with both the easy oxidation of the cyanide and the separation by precipitation of the
metal (see complexing agents, Section 1.4.4.5). There is a PARCOM recommendation for
cyanide to be substituted [12, PARCOM, 1992].

1.4.4.3 Hypochlorite, chlorine and AOX

Hypochlorite and chlorine are used in the oxidation of cyanide in waste water treatment plants.
They are capable of reacting with organic substances to form AOX (absorbable organic
halogens). [104, UBA, 2003] Hypochlorite has been flagged by OSPAR as a candidate
substance for prioritisation for cessation of emission [131, OSPAR, 2002 ongoing]. Chlorine is
the only gas likely to be used in surface treatment installations for the oxidation of cyanide, and
is not widely used. Hypochlorite can release chlorine in certain conditions, such as low pH.

1.4.4.4 Surfactants

Surfactants are widely used in many of the processes, such as in degreasing, in wetting surfaces
and assisting other processes such as etching, and as brighteners by promoting finely divided
metal deposition. Some surfactants have low degradability in aquatic systems, and the by-
products of degradation may have adverse effects. Nonyl phenyl ethoxylate (NPE) is cited as
being used in the industry. [38, Ullmann, 2002/3] For metal working, with effect from
17 January 2005 [115, CETS, 2003], NPE and nonylphenol are OSPAR chemicals for priority
action and are banned except for uses in “controlled systems where the washing liquid is
recycled or incinerated” [30, EC, 2003]. PFAS are used as foam suppressants and surfactants.
D (] no nato 1 1de e m NNTe n N n

1.4.4.5 Complexing agents

Complexing agents [73, BSTSA, ] including cyanides and EDTA retain metals as complexes
and preventing the absorption the metal onto sediments or suspended sediments. The soluble
metals may be carried through effluent treatment systems and into sewage and aquatic systems.
EDTA is both a strong complexing agent and has low biodegradability. Excess uncomplexed
EDTA carried into aquatic systems may remobilise metals from sediments with high metals
loads [22, Fraunhofer, 2002].

1.4.4.6 Acids and alkalis

Acids and alkalis are commonly used industrial chemicals and their discharge without
neutralisation may affect sewers or receiving watercourses. Spillage and leakage can also
contaminate soils. When used in hot solutions, the resulting fumes may cause problems in the
workplace or locally when extracted. Hydrochloric acid is the most commonly used acid and its
fumes can also cause corrosion damage inside the installation, affecting equipment controls.
Specific problems occur with nitric acid, as it can release NOx when in contact with metals.
This is a local environmental and workplace health issue, as most installations are not
significant NOx emitters. Sulphuric acid is widely used, particularly in anodising. However,
concentrations are lower than the level for the emission of fumes.
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1.4.4.7 Other ions

Chlorides, sulphates, phosphates and other salts are the necessary anions in treatment solutions
and are not usually a problem when discharged to municipal waste water treatment plants.
However, they may occasionally cause salinity problems, and phosphates and nitrates [121,
France, 2003] contribute to eutrophication, especially if discharged directly to surface waters.

1.4.4.8 Solvents

Solvents are used for degreasing incoming components. 1,1,1,-trichloroethane used to be widely
used, but is being phased out under controls as an ozone layer damaging substance. The heavier
solvents trichlorothethylene and tetrachloroethylene can cause problems including accumulation
into, and leakage from, sewerage systems [70, Ellis, 2001]. This can cause health and safety
problems to maintenance workers and pollution problems to groundwater. Non-halogenated
solvents are also used, but have lower environmental impacts. The Solvent Emissions Directive
[97, EC, 1999] controls the use and emission of VOCs and the Reference Document on Surface
Treatments using Solvents (the STS BREF) discusses BAT for solvent-based processes [90,
COM 2020 ]. Organic solvents also have health and safety effects in use and the degree and type
of control depends on the substance [113, Austria, 2003].

1.4.4.9 Dusts

Dusts are generated from linishing and polishing where these occur as directly related activities.
They are usually a mixture of particles of abrasives with the abraded substrate. They may have
health and safety impacts in the workplace, but can have adverse environmental impacts when
extracted to the outside environment. The collected dusts require disposal as wastes, and may be
hazardous.

1.4.4.10 Wastes

Much of the waste produced from process activities is likely to be classed as hazardous [92, EC,
1991, 100, EC, 2000]. The industry produces in the order of 300000 tonnes of hazardous waste
a year in Europe'® (approximately 16 tonnes a year per installation). Liquid wastes are spent
process solutions that cannot be treated or discharged, and solid wastes are largely sludges from
waste water treatment plants and treatments of process solutions. Metals may be recovered from
both solid and liquid wastes. Other solid wastes include broken equipment such as jigs (which
may contain recoverable materials), packaging for workpieces as well as used chemicals {see
Seetion-03.

1.4.5 Other Emissions to air

There are two reasons for managing airborne emissions in surface treatment installations [111,
ACEA, 2003]:

e Where health and safety legislation applies to the workplace atmosphere for the
protection of the employees from dangerous substances in the workplace.

o Working atmospheres that are damp, acid, alkali or which contain other chemicals
and/or particulates are likely to be corrosive to materials, workpieces and substrates,

10 This derived from an industry estimate of <I % of hazardous waste in Europe and the Eurostat figures from
hazardous waste management in the EU-15.
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equipment and the fabric of buildings. This can lead to problems such as deterioration
of raw materials, finished products becoming corroded and being rejected, equipment
malfunctioning and buildings deteriorating at a high rate. Many installations extract
water vapour, as well as acid, alkali and other gaseous or aerosol contaminants to
prevent these problems.

Additional treatment of the exhaust gases may be required to meet emission values.

1.4.51 Emission sources and types

Airborne emissions include gases, vapours, mists and particulates [111, ACEA, 2003]. The
main sources are highlighted throughout Chapter 2 and include layer stripping (such as pickling
and stripping baths), electrolytic degreasing baths, individual treatment processes, as well as
some drag-out and rinsing processes (especially where the rinses are heated and/or sprayed).
Particulates can be from mechanical processes such as linishing and polishing, or form from
some mists containing chemicals where water vaporises from the droplets leaving airborne
chemical particulates.

Harmful substances can be emitted to air as gases from relevant processes (e.g. NOx, HF, HCI)
as well as aerosols loaded with caustic, acids or other chemicals (e.g. caustic soda solution,
sulphuric acid, chromium (VI) compounds, cyanide), see Table 1.4.

Emissions of solvents from solvent degreasing or drying of organic coatings (such as
electropainting or lacquering) are discussed in [90, COM 2020 ].

1.4.5.2 Measures for reducing emissions
Measures can be taken to minimise pollutant emissions from sources. For example:

e air agitation of process solutions can be replaced with other methods such as:
o circulating the process solution by pumping;
o mechanisms to move the jigs;

e Dbaths not in constant use can be kept covered,

e additives can be used to suppress aerosol formation, such as for chromium plating; see
Sections 1.4.4.1 and 2.5.3.

1.4.5.3 Extraction systems

Extraction systems can be installed for the capture of the emissions. Although some shops will
have general extraction of the workspace, edge or lip extraction at the emitting vat is a
widespread procedure. Lines may be fully enclosed with extraction systems. Transporter
systems can include an integral lid which is put in place with the flight bar.

The quantity of exhaust air caught by the edge exhaust and the quantity of pollutants contained
depend on several parameters:

bath size;

continuous or intermittent operation of the bath;

bath temperature;

physico-chemical characteristics of the specific chemicals;

classification and permissible concentration values in the workplace;

use of additives for the decrease and/or avoidance of the emissions to HF, NOx and Cr
(VI);

e other emission control procedures;
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o fully enclosed treatment lines.

1.4.54 Waste gas treatments
The following cleaning systems are used:

e Droplet separators which use a fill material to condense aerosols and droplets.
Condensate is usually treated in a waste water treatment plant.

o Exhaust air wet scrubbers. These may be:
o fibrous packing scrubbers with mats of fibrous packing;
o moving bed scrubbers with a zone of mobile packing, usually low density plastic

spheres which are free to move between support grids;

o packed bed scrubbers containing a fixed bed of variously shaped packing material;
o impingement plate scrubbers;
O  spray towers.

Water or specific chemical solutions are sprayed into the wet scrubbers usually (but not always)
countercurrent to the gas flow.

Reduction of NOx could be achieved by selective reduction using NH,-X compounds (with X =
H, CN or CONH>) injected into the gas stream. The most common reducing agent is ammonia.
Both non-catalytic (SNCR) and catalytic (SCR) techniques exist.

These techniques and devices are described in more detail in the reference document on BAT in
the waste water and waste gas treatment/management systems in the chemical sector [87,
EIPPCB,]

1.4.6 Noise

Surface treatment is not a major noise emitting industry. However, some activities and
associated activities do generate significant noise. These can be as peaks, such as unloading of
metal components in stillages, or continuous noise from linishing and polishing or fans and
motors sited externally.

1.4.7 Odour

Again, odour is not a major factor for this industry. However, odour can be associated with
some activities, particularly acid fumes and especially when stripping metal layers. The impact
will depend on the type and size of activity carried out, the design and operation of any
extraction system (e.g. chimney height) and the proximity of receptors, such as housing.
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2 APPLIED PROCESSES AND TECHNIQUES

[Note to the TWG: This section has been completely reordered compared to the original STM
BREF and relevant contents were reallocated to their relevant sections]

21 General processes

[Note to the TWG: This section was created by extracting relevant pieces of information from
Chapter 2 in the existing BREF]

Despite thets complexity and the range of activities described in this chapter, all workpieces or
substrates pass along a common route of activities;-deseribedn. The first activity on-site is the
delivery and storage (Section 2.1.1) of incoming workpieces, substrates and raw materials.
Workpieces or components are loaded onto the appropriate transport systems (see Section 2.1.2)
prior to pretreatment, such as degreasing. Most workpieces or substrates are given more than
one pretreatment (see Section 2.1.4), and some of these may be prior to loading to a process
line. The workpieces or substrates are then surface treated with one or more of the activities
described in core processes. Rinsing, (see Section 2.1.5), is usually carried out between
processes steps, whether they are pretreatment and/or core processing steps. Treatment is
followed by after treatments such as drying, (see Section 1.1), and the workpieces or substrates
are stored and dispatched (described in Section 2.1.1, together with incoming goods).

211 Delivery and storage — workpieces and consumable raw
materials
2111 Incoming workpiece and/or substrates to be treated

The workpiece and/or substrates to be treated are delivered in different ways according to size,
substrate material, quality and cost, and whether they are intended for in-house treatment or for
external shipment to another site or a subcontractor. Jig treatment is most costly, and
workpieces may be packed in bulk in stillages for cheaper steel components but are more
carefully packaged for more valuable workpieces: from layering in stillages with protective
inter-layers (to protect against physical damage and/or corrosion) to high value components
such as aluminium alloy aircraft wing sections being individually packed in robust boxes.
Automotive bodies are moved individually before and into processes on large jigs (or sleds) see
Figure 2.4 [111, ACEA, 2003]. Handling of workpieces can be mechanical or manual. Barrel
plating tends to be cheaper, where the quality of the finish is less critical and substrate is robust,
and here workpieces are usually transported loose in stillages and often emptied mechanically.
For coils, the external initial layers protect the rest of the coil. While small coils (in reel-to-reel
processing) can be moved by hand, large scale coils (because of their weight) need specialist
equipment, such as air flotation rafts and overhead cranes.

Environmental considerations
The amount and type of packing used and the minimisation of loss of materials by damage to
workpieces or substrate.
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[ACEA]

Figure 2-1: Automotive body undergoing spray pre-treatment

2.1.1.2 Consumable raw materials

Raw material inputs will vary according to the installation and will depend on the chemistry the
various processes carried out and the workpiece or substrate condition, shapes and surface area
throughput. Larger sites will receive some liquid chemicals in bulk by tanker, mesttRPRC-IED
sites will receive at least some chemicals in IBC (Intermediate Bulk Containers) and all will
receive liquids in sizes from 2.5 to 210 litre containers, or larger. Bulk liquid storage is in bulk
tanks or in IBC eentainers, with smaller quantities being stored ‘as delivered’ and used from the
delivery containers.

Large scale solids deliveries may be by bulk tanker, but are more usually in the form of big
bags. Most commonly, 25 kg sacks, bags, drums and other containers including disposable
packaging, are used for powders, pellets and flakes. Storage of bulk solids may be in silos.
Other solids are stored in the containers they are delivered in. [111, ACEA, 2003].

Metals for deposition are usually delivered as anode bars or anode balls, or as salts (see solids,
above) but may be in proprietary solutions for chemical treatments (including autocatalytic
processes) or precious metal plating.

Smaller quantities of chemicals are used in laboratories and for replenishing costly ingredients,
such as in gold solutions or some trace components of process solutions.

The largest amount of chemicals in an installation are usually stored in use in the process line
vats and the containment of these chemicals, the use of chemicals in maintaining the solutions
and leakage issues are analogous to those for the incoming raw materials.

A description of the storage and handling of chemicals is given in the reference document on
BAT for emissions from storage [23, EIPPCB, 2002].

Environmental considerations
Prevention of unplanned releases to surface and groundwaters, and soils.
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21.2 Handling techniques for processing and loading for processing

When workpieces are in a suitable state for the core treatments, they are loaded for processing
using one of the three transport types described below: [104, UBA, 2003]

e jigsorracks — frames carrying the workpieces singly or in groups;
e Darrels — plastic cylinders holding many workpieces;
e coil - coils or reels of substrate working on a continuous basis.

Specific manual or automatic handling techniques may be used in PCBs manufacturing and
semiconductors manufacturing.

In a limited number of cases, components are treated in situ (see brush electroplating and
anodising, below).

21.21 Jigs or racks

Jigs (also known as racks or frames) provide both physical support for handling during
processing, as well as electrical contact when needed in electrolytic processing. Jigs may be
used for all sizes of components from small, such as jewellery and small precision engineered
components, to large installations handling parts of aircraft and automotive bodies (see Figure
2.4). Small components are secured by hand on jigs, either by being clipped onto spring
retainers forming part of the jig or fixed using copper wire: both systems carry the current in
electrolytic processes. Jigs are hung on flight bars: these assemblies are used both to move the
jigs through the core process steps and (where the processes depends on electrical current) to
carry the electrical current to the jig [128, Portugal, 2003]. Where current is carried, the flight
bars need to make good electrical contact: for example, the jigs are hung in each process vat
from copper U- or V-shaped cradles. For very large components, the jig may be a large platform
or frame without a separate flight bar, and electrical connectors are attached to the jig where
necessary.

Figure 2.5 shows finished gold plated components being unloaded from jigs with spring
retainers, visually inspected and packed in specialised plastic trays. There are two jigs
suspended from a flight bar.

Flight bars can be moved by two types of mechanism:

e transporters, which are hoists travelling on rails running the length of the process line.
This is the most flexible type of system and can be programmed for various finish
options, with different dwell times in different vats, or operated manually;

e beams, where the flight bars are hung on a beam. The beam moves up and down at
present intervals. In the up position, the flight bars are moved to the next process vat
position. However, the only way of varying the process time in different vats is to
change the tank length.

In process lines with low throughput, or small components, jigs may also be moved by hand.
Large, individual components, such as aircraft parts or automotive bodies may be moved on
conveyor systems or by overhead transporters.
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Graingorge S.A., France and Agence de I"eau Seine-Normandie

Figure 2-2: Jig or rack plating: unloading finished components

2.1.2.2 Barrels

Barrel lines tend to be used for high volume, lower cost work such as nuts and bolts, and can
only achieve lower quality finishes than jigs. Barrels are usually hexagonal or octagonal plastic
drums, with many holes in the long panels allowing access for the process liquids. The barrels
are usually moved by transporter systems, although for very small components (such as contact
pins being gold plated) small barrel units can be moved by hand. They are loaded from stillages
of components. Usually workpieces are emptied from stillages onto the floor, and the barrels are
then loaded manually using a shovel. Large scale barrel operations may use a mechanical loader
or a mechanised system. The barrel hangs from cradles which carry current at the appropriate
process vats. The barrel spindle carries current to a flexible electrode which trails in the barrel
from the central spindle and carries current to the loaded components in the relevant process
vats. The barrel is constantly rotated usually via a drive mechanism on the side. The current is
then passed through a flexible inert anode which trails in the rotating barrel and current is
passed through the contacting workpieces.

21.23 Coils

Steel coils
Coils can be up to 32 tonne rolls of steel up to 2080 mm wide [119, Eurofer, 2003]. Coils are
loaded in an entry loader section and welded onto the end of the preceding coil, see Section 2.3.

Aluminium coils
Aluminium coils up to about 25 tonnes, up to 2200 mm wide and up to about 3 mm thick are
processed [118, ESTAL, 2003].

21.24 Other manual or automatic handling systems

Printed circuit boards and semiconductors

The transport of boards can vary during production. They are moved manually or automatically
both as individual boards across rollers in some parts of the process lines and in other parts they
are moved in sets on jigs.

Brush electroplating and anodising

This is a specialised technique, developed for selective plating using portable equipment and
anodes surrounded by absorbent material that do not require immersion of the part. The method
is not generally used for production, but repair of worn or defective parts, e.g. large printing
rollers, large bearings, military and aviation parts, statues and other parts too large to process by
immersion techniques. [38, Ullmann, 2002/3]
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213 Type of processes
2.1.31 Continuous processing

Continuous surface treatment is characterised by the surface treatment of metal coils with
various substrates: copper and copper alloys, steel and steel alloys, and aluminium.

The dimensions of the coils or rolls are also variable: standard widths are between 10 mm and
400 m with metal thicknesses ranging from 0.1 mm to 4 mm.

The particularity of continuous surface treatment lies in the applied process: the coils or rolls are
loaded on an unwinding plate causing the longitudinal movement of the metal strip to be treated
before successively crossing the various baths. Coils pass through the different baths, with
quenching or spraying steps, and they can also pass through reducing rolls. The strip is rewound
at the end of the line into a roll or coil on a rewinding plate.

In order to guarantee the consistency of continuous surface treatment, the coils or rolls are
joined together by welding, riveting or stapling, so that the beginning of one treatment
corresponds to the end of another.

The coils or rolls to be processed are presented in two distinct forms: solid metal strips called
strip and metal strips more or less cut according to the complexity of the final part. This process

allows the rapid treatment of a large number of units.

(FR contribution to [170, TWG, 2023])

21.3.2 Barrel processing

[Note to the TWG: This section corresponds to the Section 2.8 of the original STM BREF]

The following

sections refer specifically to activities normally associated with barrel treatments.

2.1.3.21 Workpiece preparation

Deburring and tumbling, as well as degreasing workpieces for barrel treatment by centrifuging
are described in Section 2.1.4 .

2.1.3.2.2 Core activities

Core activities are the same as for jigs or racks, except chromium and anodising where barrel
use is impossible. Workpieces should be small and without flat areas to prevent the flat surfaces
adhering during treatment. This can cause marking, or in some cases burning, from uneven
surface treatment [121, France, 2003].

21.3.2.3 Drying for barrelled components

Barrel plants use centrifugal drying or hot air drying depending upon the type of component.
Centrifugal drying is effective and energy-efficient.
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214 Workpiece or substrate pretreatment

Workpieces or substrates to be surface treated must be clean from dust, swarf and moulding
flash, as well as being corrosion- and grease-free to ensure uniform application and permanent
adhesion of the surface treatment. Many workpieces or substrates are oiled to prevent corrosion
in transit or from a previous operation such as pressing. Usually (but not necessarily) the
workpieces will need to be totally smooth to produce a high quality treated finish. Some
preparation of the workpieces may be carried out at the site producing them, but these activities
are also carried out at the surface treatment installation [6, IHOBE, 1997].

While virtually all process lines include cleaning or degreasing, where components are heavily
oiled or surface preparation is critical, it may be necessary to supplement this by an additional
pre-degreasing step [104, UBA, 2003].

The pretreatment steps not only remove greases and oil, but also remove oxides and provide
chemically active surfaces for the subsequent treatment [73, BSTSA, ].

Overall environmental considerations
If cleaning is a separate activity to the main processing, the increased handling (such as
emptying containers, etc.) may give rise to additional noise [73, BSTSA, ].

21.41 Mechanical pretreatment
21411 Linishing and polishing

Mechanical polishing produces a flowed amorphous surface under the influence of pressure and
high local temperatures [121, France, 2003], [120, Finland, 2003]. Individual components are
linished using abrasive belts, and then polished with an abrasive paste applied on fabric mops,
which removes fine marks and gives a highly polished finish. These activities are carried out
less frequently as modern production techniques produce better engineered components than in
the past, or use alternative materials such as plastics which can be precision moulded. Where
large numbers of workpieces are handled, the linishing and polishing are usually automated.

Producmetal S.A., France and Agence de I’eau Seine—Norfnanie

Figure 2-3: Linishing

Environmental considerations
Noise and dust are associated with this activity.

Wastes may be hazardous depending on the substrate.
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21.41.2 Abrasive blasting

This traditionally uses sand or grit, but may use softer, finer abrasives such as ground nut shells.
These techniques may be used to de-stress the surface of the workpieces.

Environmental considerations
Noise and dust are associated with this activity.

Abrasive blasting creates solid wastes. With non-ferrous metals, the wastes (a mixture of
abrasives and abraded material from the metals) may be hazardous [113, Austria, 2003].

21413 Deburring and/or tumbling

Applied to smaller, mass-produced components often followed by barrel treatment. The
workpieces are mixed with abrasive stones and tumbled or vibrated for up to several hours [73,
BSTSA, ]. These techniques can also be used in aqueous media with chemical additives to
clean, deburr and pickle the parts.

Environmental considerations
Noise and dust are associated with this activity.

Wastes generated directly may be contaminated with oils, surfactants and abrasive particles,
particularly vibratory finishing [73, BSTSA, ].

Where used with an aqueous system, the effluent may require specific treatment to eliminate
metals in solution and COD. This effluent is often recycled after centrifugation, simple filtration
or ultrafiltration. The residues from treatment may be treated off-site in a suitable waste
treatment plant or on-site in a physico-chemical waste water treatment plant. The residues may
be hazardous waste [121, France, 2003].

21.4.2 Electrolytic and chemical polishing

As well as the mechanical methods, electrolytic and chemical processes are employed in the
production of smooth, bright surfaces. Although their function in industry is similar, the
principle by which polishing is carried out is very different. While mechanical polishing
produces a flowed amorphous surface under the influence of pressure and high local
temperatures, chemical and electrolytic polishing are selective dissolution processes where the
high points of the rough surface are dissolved faster than the depressions. The potential
advantages of these methods are [118, ESTAL, 2003, Finland, 2003 #120, P G Sheasby, 2002
#132]:

e Dbeing similar in operation to anodising and electroplating processes, they can be
employed together in a single production line, with considerable reduction in plant and
simplified control, while mechanical polishing may often be replaced entirely;

e they are suitable for bulk treatment and labour costs are appreciably lower, particularly
on components not suited to automatic polishing machines;

e the surface is clean and gives better subsequent deposit adhesion as well as high
corrosion resistance;

e the reflectivity and colour are often superior and there is no tendency to ‘bloom’.

Overall environmental considerations

Some of the chemicals used in electropolishing are toxic and this should be taken into account
both in the workplace and when disposing of spent baths. For chromium compounds, see
Sections 1.4.4.1 for health effects, and Section 2.5.3 for overall environmental considerations.
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Spent electrolytes and acids have a low pH and high concentration of dissolved metals including
chromium and nickel and may need to be treated before disposal as effluent (see Section
4.16.2). Alternatively, spent electrolytes may be managed as hazardous wastes. Electrolytes for
stainless steels deteriorate due to excessive iron in solution [73, BSTSA, ].

Rinsing waters may also require treatment for the same reasons.

Acid fumes, particularly those containing hexavalent chromium, may need extraction and
treatment. Where nitric acid is used, an air-scrubber may be used to remove nitrogen oxides
(NOx).

There is no associated dust and noise, unlike mechanical polishing processes.

21.4.21 Electropolishing

Electropolishing is a commonly used electrochemical method for smoothing, polishing,
deburring and cleaning various metals, generally steel, stainless steel, copper and its alloys and
aluminium and its aluminium alloys. It is widely used in food equipment, surgical equipment
and implants, the pharmaceutical, paper, pulp and food industries, as well as in automotive and
architectural applications. Electropolishing removes a fine surface layer electrolytically, and is
often used in cases where very smooth and bright finishes are needed. In electropolishing, the
workpiece (anode) is immersed in electrolyte and electric current (usually DC) is connected
between the workpiece and the cathode. The workpiece becomes polarised and metal ions start
to diffuse to the cathode, and metal is removed from the anode. The reaction can be controlled
by adjusting bath and process parameters and by choosing the metal or alloy being
electropolished.

In these electropolishing processes, different electrolytes are used. Electrolytes are usually
mixtures of various acids (sulphuric acid, chromic acid, citric acid, and/or phosphoric acid) and
sometimes organic compounds (such as glycerine or diethyleneglycolmonobutylether) are
added. [133, Hensel, 2002], [134, CEN/BSI, 1997], [135, Swain, 1996], [136, Webber and
Nathan, 2000], [137, ISO/BSI, 2000].

Environmental and other considerations

During electropolishing of stainless steels, hydrogen is formed, which mixes with oxygen at the
solution surface. If ignited by a spark, this can produce an explosion. It is therefore advisable to
extract gases forming on top of the solution. This is vital when processing the internal surfaces
of enclosed vessels, otherwise a serious, possibly fatal, injury may occur. Repeated noise of this
type may have an impact beyond the perimeter of the installation (as well as being an
occupational health issue).

21.4.2.2 Electropolishing with electric discharge (also known as plasma-
electrolytic polishing)

Plasma-electrolytic polishing is an alternative method for some applications. The process differs
from conventional electropolishing mostly because of its electrolytes and process parameters
used. Instead of mixed acids, these electrolytes are different salt solutions and far more friendly
for employees and for environment. In this process, the used electric potential between anode
and cathode is in the range of 200 — 400 V DC depending on the solution and temperature (40 —
95 °C) used.

The same process can be used also for plasma-electrolytic oxidation in order to get hard oxide-
ceramic coatings.
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2143 Solvent degreasing

Solvent degreasing is usually by means of chlorinated hydrocarbons (CHC), alcohols, terpenes,
ketones, mineral spirits or hydrocarbons [90, COM 2020], [104, UBA, 2003], [73, BSTSA, ].
CHC:s are used because of their good cleaning efficiency and universal applicability, as well as
their quick drying and incombustibility, but their use is restricted by environmental and health
legislation. All solvents affect the central nervous system and exposure should be controlled
(see environmental considerations, below) [73, BSTSA, ], [90, COM 2020] ].

There are two types of process:

e cold cleaning: The workpieces and/or substrates are immersed in the solvent or cleaned
in a stream of solvent. In some cases, the solvent is pumped round taking the liquid
from near the top of a holding tank, leaving dirt to settle at the bottom. The tank is
cleaned periodically;

e vapour phase: The solvent is vaporised in a purpose-built bath and the cold component
suspended in the vapour. The vapour condenses on the component dissolving grease
and drained off with the dirt and grease, leaving the component clean and dry. The most
common solvents are CHCs. As the vapours are heavier than air they are contained in
the bath. Hydrocarbon solvent may be used.

The choice of solvents will depend on a number of factors including the substrate to be cleaned,
the type of oil or grease to be removed, the previous manufacturing process and the
requirements of the subsequent surface treatments. Chlorinated ethanes and ethylenes attack
aluminium and should not be brought into contact with substrate, tanks, containers, valves, etc.
made of aluminium. Dichloroethylenes in contact with copper should be avoided under all
circumstances as explosive acetylides may be formed.

Chlorinated solvents have no flashpoints [73, BSTSA, ]. Ketones and mineral spirits may be
used, but are flammable. Higher hydrocarbons with a narrow distillation range give the highest
flashpoints commensurate with solvent drying from the workpieces and/or substrate.

Environmental considerations

Because of the classification of certain CHCs as potentially carcinogenic materials, their water-
endangering potential and problems with emissions to the air, their use is strongly regulated
[[93, EC, 2000, 97, EC, 1999]. Most other solvents are either inflammable or not self-drying
[73, BSTSA, |.

21.4.4 Aqueous cleaning

The workpieces are placed in this process solution for several minutes, or placed in a spray bath.
The solution is usually alkaline or neutral but may be acidic and usually working at increased
temperatures (40 — 90 °C) because of the improved cleaning effect. The main components of the
aqueous cleaning system are alkalis or acids, silicates, phosphates and complexing and wetting
agents. Aqueous cleaning systems work either by forming unstable emulsions (known as weak
emulsion systems) or stable emulsions. [3, CETS, 2002, 104, UBA, 2003]

Aqueous chemical systems avoid the use of solvents. The cleaned items can remain wet if the
subsequent treatment is water-based, such as electroplating. Process solutions have a short life,
dependent on throughput and the amount of oil or grease on the workpieces. The efficiency of
aqueous cleaning systems depends on the type and concentration of chemicals, the mechanical
effect, the temperature and the time. The mechanical effect can be applied by spray pressure or
flowrate, agitation of parts or solution, or by using ultrasonics.

Hot water is used effectively to remove oil and grease, especially from steel panels. It is widely
used in the automotive industry.
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Strong alkalis and silicates are not suitable for aluminium. Complexing agents (tensides) are not
used in aluminium cleaners. For wetting agents, only very specific agents can be applied (for
instance, non-anionic agents). Cleaning at a low temperature is possible, from 40° upwards
[160, ESTAL, 2004].

Environmental considerations
Energy usage: process tanks operate at 50 — 90 °C and may require fume extraction to remove
water vapour and alkaline or acid fumes.

Rinse-waters (including those from air scrubber units) may require simple pH treatment in
waste water treatment plants.

Metals can be stripped from the substrate surface (including trace elements such as lead which
may have toxic effects). They can be separated after pH adjustment.

Alkaline degreasing agents may contain small amounts of substances of concern, such as nonyl
phenols [161, Assogalvanica, 2004].

Used acid or alkali solutions are often treated separately as they create a large pH change which
may not be accommodated by continuous flow waste water treatment plants.

Solution maintenance by replacing consumed components and removing the accumulated oil
dirt, oil and grease can greatly increase the solution life by various options [73, BSTSA, ].

Cleaning solutions may need to be separated from other process effluents to avoid interference
with the waste water treatment plant by excess surfactants. Cleaning solutions containing
complexing agents should be separated from other waste water streams containing metal ions
[73, BSTSA, ], see Section 4.16.2.

2145 Other cleaning techniques
21.4.51 Air knives

Air knives can be used to remove excess oil and grease from parts [73, BSTSA, ]. They are low
pressure, high volume systems where air is emitted through precision slits, giving a laminar air
curtain, through which components can be passed, either manually or on a conveyor belt. The
air heats up due to compression and movement in the system, and this warms oils and greases,
assisting their removal. Both the laminar air movement and the temperature also facilitate
drying of components.

2.1.4.5.2 Centrifuges

Centrifuges are used on a batch basis to remove excess grease, and usually applied to smaller
workpieces prior to barrel treatment.

21453 Dry ice

Blasting with pellets of dry ice by a process called ‘Cryoclean’ can be used to remove oil and
grease as well as particles, paint, etc. The cleaning effect comes from cooling and cracking of
contaminant layers, mechanical impact and lifting by the gas formed from sublimation of the

dry ice. [115, CETS, 2003], [116, Czech-Republic, 2003]

Pellets are made from liquid CO; with a diameter of 3 mm and length of 8 mm at a temperature
of-78 °C. They are accelerated by air to a velocity of 100 to 300 m/s. The pellets release kinetic
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energy at the surface. On impact, they sublimate immediately. The surface is locally cooled and
due to different thermal expansion coefficients of the substrate and any coating and/or
contaminants, the cleaning ability is increased.

After use, the pellets of dry ice evaporate so the only waste formed is the solid waste of the
stripped coatings. This method is used mainly for cleaning pressing forms and other special
parts. In special cases, it is used to strip coatings (organic and metallic).

Environmental considerations

The method is noisy, and requires protection of workers. The waste may contain toxic
compounds (such as paints with heavy metals, lead, cadmium, etc.). Workers must protect eyes
and respiration. Air extraction and filtration may be necessary.

21454 Hand wiping

Hand wiping uses a clean cloth and solvent, or an absorbent such as ground chalk or limestone.
This is carried out on large, high value workpieces such as aerospace components. It is also
used for small, quality critical components [73, BSTSA, ].

21.4.6 Pickling, descaling and desmutting

Pickling and descaling are chemical metal-stripping procedures used to brighten and/or remove
oxides from the degreased metallic surface prior to other surface treatment processes [73,
BSTSA, ]. The bulk pickling of steels is described in the BREF on ferrous metals processing
[86, COM, 2022]. During the pickling processes disturbed or adhering layers, such as scale,
oxide films and other corrosion products of the metal, are removed by chemical reaction with an
acid-based pickling agent. In order to remove strong oxide layers effectively, specified acid
concentrations, temperature and pickling times must be adhered to. Hydrochloric or sulphuric
acids are normally used. In special cases nitric, hydrofluoric or phosphoric acid, or mixtures of
acids are used. Solutions containing fluorides are necessary for reliably pickling certain alloys.
The typical pickling reaction is described by the following chemical equation:

e metal oxide + pickling solution =~ — metal ion + water

Some erosion of the metallic surface is desirable, but excessive attack of the acid on the basic
material is unwanted. Hydrogen is usually formed:

e metal + pickling solution —» metal ion + hydrogen

The attack can be reduced by using so-called pickling inhibitors. These also cause an inhibition
of hydrogen development, thus minimising so-called hydrogen (or pickling) embrittlement (or
brittleness), caused by entrapment of hydrogen in the metal crystalline structure at the surface
and diffusion of hydrogen to stress concentration sites in the material. This may cause
catastrophic failures in high strength steels [73, BSTSA, ].

The concentration of the ions of the dissolved metal increase in the pickling solution while the
strength of the free acid declines. The acid consumption associated with the dissolution of metal
and metal oxide can be supplemented by adding fresh pickling solution [73, BSTSA, ].
However, this technique is limited by the constantly increasing metal content. A maximum iron
content of 8 % is recommended for sulphuric acid, 12 % for hydrochloric acid and 2.5 % for
phosphoric acid. When the limiting concentrations are reached, the pickling solution must be
disposed of completely or partly. [104, UBA, 2003]

The workpieces to be pickled must be completely grease-free, otherwise uneven pickling will
occur as the acid attacks grease-free areas only. The use of wetting agents accelerates the
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pickling procedures as the workpieces are wetted better and more quickly. Iron materials can be
de-rusted and descaled in so-called acid degreasing agents without prior degreasing. The
commercial acid degreasing agents contain mixtures of wetting agents and emulsifying agents,
which can support the emulsification of fats and oils in strong acid media.

The pickling time is reduced with increasing acid concentration and temperature. A maximum
pickling effect is reached with a sulphuric acid concentration of 25 %. Above this, the pickling
speeds decrease. The optimal temperature is at 60 °C.

The pickling effects can also be accelerated by movement of the workpieces in the pickling
solution or movement of the pickling solution by solution injection [159, TWG, 2004].

Hydrochloric acid is also good for descaling and pickling. It works rapidly in most cases, with a
concentration of 18 —22 %. However, its disadvantage is aggressive vapours. Heating up to
30 — 35 °C not only increases the pickling effect, but also the formation of hydrochloric acid air
emissions.

Hydrofluoric acid is nearly exclusively used for the pickling of cast iron, for example engine
blocks. A concentration of 20 —25 % (as HF) and temperatures of 35-40 °C are generally
preferred.

In the aluminium anodising context (and sometimes before conversion coating), a desmutting
process is applied to remove alloy second-phase constituents that were insoluble in the caustic
etch. Thus, it is different to pickling, the purpose of which is to dissolve oxides [175, ESTAL
2024].

Desmutting of aluminium is also performed in sulphuric acid which preferably originates from
the reuse of spent anodising baths [175, ESTAL 2024].

Environmental issues
Process tanks may need to be equipped with fume extraction to remove generated aerosols and
hydrochloric acid gas and nitrous oxides if nitric acid is used.

For desmutting of aluminium, the use of sulphuric acid instead of nitric acid eliminates such
emissions, therefore no exhaust is necessary for such baths [175, ESTAL 2024].

Spent pickling solutions require either treatment and disposal through an effluent treatment
system or disposal as liquid wastes. Excessive attack of the metal surface removes a significant
amount of iron, which can have adverse effects on the waste water treatment systems, such as
significantly increased sludge production [158, Portugal, 2004].

Effluents can easily be treated in typical waste water plants.

Maintenance of piekling clectrolytes by acid retardation and diffusion dialysis is used in
Germany in some cases, such—as—anodising; it is not widely used in electroplating [124,
Germany, 2003], [175, ESTAL 2024].

21.4.7 Electrolytically assisted pickling, activation and degreasing

Pickling can be enhanced by making the substrate anodic. The non-electrolytic pickling of
metals is often followed by electrolytic activation to remove the remains of unwanted residues
from the surface, such as oil and dirt, which remain trapped in the micro-roughness of the
substrate surface. These are removed by the formation by electrolysis of H; at the surface of the
cathode and O; gas at the surface of the anode [73, BSTSA, ]. The basic composition of the
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solution is similar to alkaline degreasers, although the chemical concentration is generally twice
as high. Wetting agents are omitted to prevent foaming; however, cyanides or other complexing
agents may be added to improve the activation of steel items. For normal applications, cyanide-
and chelating-agent free electrolytes are sufficient. The solution lifetime is mainly determined
by dilution through drag-in of rinse-water and drag-out of process solution. [3, CETS, 2002].
This process is not used in anodising [159, TWG, 2004].

Environmental considerations
Process tanks may be equipped with fume extraction to capture vigorously generated aerosols.

Rinse baths are rapidly saturated with dirt, fats and oils.

Rinse effluents and used solutions can be treated as alkaline or cyanide solutions in waste water
treatment plants. The waste water can upset the waste water installation because of the amount
of oils and grease, and the composition and concentration of components, e.g. phosphates and
surface active agents which can interfere with settlement processes [20, VITO, 1998].

2148 Metal stripping

Metal stripping is necessary for the processing of defectively electroplated components without
losing the properties of the base material [73, BSTSA, ]. It may also be used [73, BSTSA, ] for
the new treatment of nascent workpieces. It may be also used for the recovery of expensive
metals (such as the precious metals), both from the base metals and the coating materials. Often
scrap iron substrate metal can only be regenerated if certain metal coatings which cause
problems are removed. The metal stripping of jigs and/or of jig contacts used in the
electroplating process extends the life of the jigs and recovers the metal deposited.

To preserve the form of the surface to be stripped, the metal stripping techniques should remove
the coating material quickly and safely and not attack the base metal. In exceptional cases, [73,
BSTSA, ] electrolytic activation of the coat can be necessary, for example with chemical
chrome stripping. Chemical procedures are simple in application and they require less
expenditure on plant equipment. On the other hand, electrolytic procedures usually work more
quickly, more economically and with more control. They are therefore preferable for activities
such as the metal stripping of rack contacts.

Environmental considerations

The use of strong acids can generate spillage capable of attacking concrete floors and
subsequently polluting the soil and any groundwater beneath with acid and the dissolved metals.
The disposal of used acid stripping solutions may exceed the treatment capacity of effluent
systems. Acid fumes and mists are caused by reaction with the metals and substrate. These can
cause local air problems, health effects in staff and deterioration of equipment in the installation.

Stripping of previous treatments is often carried out as a batch process outside of the normal
process controls of an installation. They are a potentially significant source of breach of permit
conditions and pollution from the industry.

There can be increased waste production (in sludges from treatment and used acids), as well as
wasted energy, water and raw materials where defective components are stripped for reworking.

2149 Pretreatment of plastics (etching)

Pretreatment is essential in the surface treatment of plastics by autocatalytic plating (see Section
2.5.8) and printed circuit boards (see Section 2.11).

DDG/GCH/ES/EU-BRITE/STM_Draft 1 Februar 2025 37



Chapter 2

2.1.4.9.1 Conditioning of plastics

This provides wetability of the surface as a prerequisite for subsequent voidless covering and
good adhesion of metal layers [3, CETS, 2002], [77, BSTSA, ].

The process solution contains sulphuric acid (<20 % by volume) or sodium hydroxide and
carbonate (<10 % by volume), water soluble organic biodegradable solvents (alcohol, glycol
derivatives).

For PCB boards, cleaning using a mix of pumice and water may be used to provide a micro-
rough surface for the subsequent adherence of layers [125, Ireland, 2003].

Environmental considerations
Acid effluents may require pH adjustment in waste water treatment plants.

21.4.9.2 Etching or pickling of plastic

The pickling of plastic is a prerequisite for good metal adhesion. It is carried out in an aqueous
mixture of chromic acid (up to 380 g/l) [73, BSTSA, ] sulphuric acid (380 g/l) and wetting
agent. It is applied to ABS-type plastic surfaces to oxidise and dissolve the butadiene
component, thus generating a micro-rough surface [3, CETS, 2002].

Environmental considerations
Process tanks may be equipped with fume extraction to remove small amounts of generated
aerosols and acid gases.

The solution lifetime can be extended by membrane electrolysis to oxidise Cr(III) to Cr(VI).

Effluents can easily be treated in a similar manner to other solutions containing hexavalent
chromium in waste water treatment plants.

215 Drag-out and rinsing

Drag-out is the liquid from the previous process which adheres to the workpiece or substrate
surfaces. Rinsing is necessary:

e Dbetween most process steps to prevent cross-contamination of process solutions;
e to ensure there is no deterioration of the workpiece and/or substrate surface by residual
chemicals, such as by over-reaction or by staining by the drying of dissolved chemicals.

A reduction of drag-out is a primary measure for minimising losses of chemicals, operating
costs and environmental problems in rinse-waters. In some processes, such as etching in
anodising, a certain amount of drag-out is used to maintain the solution by preventing the build-
up of by-products, such as in aluminium etching [159, TWG, 2004].

Rinsing is therefore a common activity carried out after nearly all process steps in surface
treatment [3, CETS, 2002]. Figure 2.7 shows a section through a typical jig plating line with six
rinsing stations [65, Atotech, 2001].

Rinse-water may vary in quality depending on the process requirements (see-Seetion-0}. Many
rinsing techniques have been developed to reduce water consumption to a minimum, and some
of these are discussed in Sections 4.2.6.7 and 4.2.6.8. There is usually a balance to be sought
between achieving the requisite cleanliness of the surface, the quality and quantity of the water
used, and the way rinsing is carried out.
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(Atotech Deutschland GmbH)

Figure 2-4: Section through a jig plating process line for PCB production

Environmental considerations

Rinsing is one of the largest potential sources of waterborne contamination as rinse-waters carry
all the process chemicals from an activity. In many cases rinse-waters are treated prior to
discharge (treatment options are discussed in Section 4.2.10). Key issues are:

e minimisation of the loss of materials, including possible re-use of rinse-water;

e metals: these are conservative, i.e. can only be treated and moved to another waste
stream, but cannot be destroyed;

e cyanides: these are usually treated by oxidation;

e complexing agents: (including cyanides) these may need to be treated separately to
enable metals to be successfully treated subsequently;

e surfactants, brighteners and other additives may interfere in waste water treatment or
have their own environmental impacts;

e other cations may have local water quality effects.

Rinsing is also one of the two largest water usages in installations (the other large use is
cooling).

2.1.6 After Post treatment activities
[Note to the TWG: This section corresponds to the Section 2.6 of the original STM BREF]

2.1.6.1 Drying using hot water

[3, CETS, 2002] After all wet processing operations have been completed, the workpieces or
substrates need to be quickly and effectively dried in order to avoid staining and corrosion. The
simplest method of drying is by immersing the components in hot water for a few seconds and
then allowing them to dry-off in the air.

The disadvantage of hot water drying is the high energy loss from the tank surface. It is,
however, common practice in surface treatment shops moving jigs manually (and hence low
throughput of workpieces).

The water temperature needs to be carefully controlled. The temperature must be limited to
60 °C for plated plastic components in order to avoid deformation. Zinc plated and passivated
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components also are limited to 60 °C to avoid dehydration of the coating and loss of corrosion
protection of the passivate film. Chrome plated components can be dried at up to 90 °C.
Deionised water is usually used to prevent drying stains. Some plants use a continuous trickle
feed of deionised water, the water overflow is then used to provide a feed for a preceding
cascade rinsing system. The hot water stage may also be a final rinsing step.

Environmental considerations
Energy efficiency can be low.

2.1.6.2 Drying using hot air

Drying in automated jig plants is most easily accomplished on automatic lines using hot air. The
jigs are placed in a tank-shaped drier at the end of the process line; the tank has the same
dimensions as the vats in the line to fit into the transporter system. Hot air is evenly re-
circulated from the top to the bottom of the tank at temperatures of 60 — 80 °C. Hot air escaping
from the top of the drier tank makes the equipment thermally inefficient.

In some cases, such as the new thick film passivations or to reduce drying times, it is necessary
to heat the substrate or workpieces to 80 °C and higher. The temperature of the air circulating in
the tank-shaped driers then needs to be above 100 °C. The air is normally heated by circulation
or heat-exchangers using steam or hot oil. Direct heating systems are an alternative, using a
special gas burner with an open gas flame in the circulating air. The burning gas heats the air
directly with an efficiency of nearly 100 % of the energy input [124, Germany, 2003].

Environmental considerations

There is a potential for poor energy efficiency if air is not retained and recirculated effectively.
2.1.6.3 Drying using air knives

There is a growing use of localised air drying by means of precision nozzles or ‘air knives’ that
is more energy-efficient than hot air tank drying. See Section 2.3 for a description.

21.64 Heat treatment for hydrogen de-embrittlement

Heat treatment to avoid the hydrogen embrittlement formed in pickling, cathodic cleaning, and
the electrodeposition of metal where the current efficiency is less than 100 %, or in chemical
deposition (phosphating). The temperature and time of the de-embrittlement process depend on

the substrate [159, TWG, 2004].

Environmental considerations
Energy consumption [124, Germany, 2003].
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2.2 Electroplating and chemical plating activities

General description of activities

The surface treatments of plastics and metals described in this document are mostly water-based
and the installations carry out activities sequentially, usually in process lines made up of a series
of vats or activities. Figure below shows a simplified process workflow of a typical process line.

AHHLines (exeeptsome-simpleironphosphatinglines;see-Seetion1-1-1 contain often more

than one treatment or activity type, usually with rinsing vats in between. Some activities are
waterless, such as drying. a-nd—fer—pfmféed—e&emt—be&fds—dfﬂ-l-mg—The size of an individual vat
can range from a few litres for precious metal coating, to 500 m® or more for some installations
processing aerospace workpieces. Historically, the surface treatment industry has been
characterised by the large volumes of water used in processing, and these were often visible
running across process area floors: this is no longer usual [124, Germany, 2003] [111, ACEA,
2003].

Load Workpiece movement — Unload
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Figure 2-5: A simplified process line workflow diagram

A common feature of surface treatment installations is the large number and complex mix of
processes and activities carried out in an installation, particularly in jobbing shops (as shown in
Figure 2-6), as well as in single purpose installations (see Figure 2-30). Figure 2-4 shows a
section through a typical jig plating process line with multiple processes and activities (note the
activities are not carried out in numeric order because of transporter programming) and Figure
4-49 shows two large scale jig lines in an installation.

The size and complexity of the installation, the core activities and associated activities are
dictated by:

the type of surface treatments to be carried out;

the quality standards being worked to;

the type, size and amount of workpieces (substrates) to be treated;
the transport systems required to handle the workpieces.
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These all also impact on the pollution potential from the installation.

Before and after the activities described here, subsequent operations may be performed on the
workpiece or substrate such as pressing, forming, bending, crimping, drilling, welding,
soldering, etc. These subsequent operations, as well as the final use of the treated product, will
be critical factors in determining the specification and type of surface treatment to be applied.

DELIVERY
MANUAL
GOLD
OFFICES, LABORATORY AND CHANGING ROOMS PLATING
LINE (0.5 m?)
<+ INCOMING
WORKPIECES
STORE
CHEMICAL
STORE
BARREL BLACK DE-EMBRITTLEMENT]
PHOSPHATING ZINC OVEN
LINE AUTOMATIC JIG LINE
(16 m3) ACID ZINC (12 m?)
JIG LINE MANUAL COPPER TREATED
(BEAM) (26 m3) & NICKEL PLATING WORKPIECES
LINE (5 m%) STORE
WASTE WATER TREATMENT,
RECTIFIERS, CONTROL EQUIPMENT
TANK FOR
TREATED EFFLUENT COOLING SYSTEM HBE(;I:I:
FOR RECYCLING

Figure 2-6: Example of a jobbing shop layout

All the core clectroplating or chemical treatment processes and other activities have historically
been developed for jig lines. Indeed, jig lines still carry out the widest range of activities. The

treatments are therefore descr1bed generlcally for j Jlg hnes —Speer—ﬁc—rssaes—fer—bafrel—aﬂd—eeﬂ

There are also utility inputs- energy and water- to surface treatment installations (described in
Section 3), as well as the use of abatement techniques for the treatment of water, waste and air
emissions (see Section 4).
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Common activity route for workpieces or substrates

1

2.1 Delivery, storage and despatch of workpieces
or substrates for treatment and consumable raw materials

1l

2.2 Loading for processing

U

2.3 Workpiece or substrate preparation

2.11 Utility inputs and
their management

Energy — Electricity
Fossil fuel (oil or gas)
Cooling

WWater

Additional information on:

2.3 to 2.10 Raw materials

2.7 Barrel processing

{see individual activities)

2.8 Coil processing: large

scale stesl

2.9  Aluminium sheet 212
. ¢ 24 Rinsing 212 ﬁ_\batement of
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to the environment:

25 Coretreatment activities

2.6 Afterdreatment activities

4

2.10 Printed circuit boards

Waste water

Solid and liquid wastes

G880 T OO
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| ]

Figure 2-7: Common route in Chapter 2 for workpieces and substrates and the activity
descriptions

Electrolytic processes
An electrolytic process needs:

e asolution of electrolytes, i.e. capable of carrying a current;

e at least two electron conductors (electrodes) and the ability to form a circuit;

e a current —usually direct current (DC), although the voltage can be AC or reversing DC
in specific cases.

The electrolytic process requires the electrolyte to complete an electric circuit between the
electrodes. When the electrodes are connected to a source of direct current (DC), one electrode,
the cathode, becomes negatively (—ve) charged while the other, the anode, becomes positively
(+ve) charged. The positive ions (cations) in the electrolyte will move towards the cathode and
the negatively charged ions (anions) toward the anode. This migration of ions through the
electrolyte constitutes the electric current in that part of the circuit. The migration of electrons
into the anode, through the wiring and an electric power supply (supplied by rectifiers), and then
back to the cathode constitutes the current in the external circuit. Electrolysis therefore converts
electrical energy into chemical energy [11, Tempany, 2002, 34, Brett, 2002, 35, Columbia,
2002, 36, IUPAC, 1997].

Chemical energy in electrolytic reactions is associated with changes in the oxidation state in part
of the circuit (in the electrolyte, at the anodes or at the interface) and can be manifested as some
or all of the following:

e the dissolution of metal ions into electrolyte;

o the deposit of metal from the electrolyte;

e some layer conversion coatings, e.g. anodising, change the oxidation state at the anode
surface (see Section 2.5.13);
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o the release of gases. In the circuits discussed here, hydrogen and/or oxygen are the
gases usually released.

Electrolytic cells and reactions

When the workpiece or substrate is connected to the circuit in the electrodeposition cell, the
cations (in the example, M" and H") move towards the cathode (—ve). The metal is deposited
while hydrogen is generated as a secondary cathodic reaction. The anions (e.g. Cl) move

towards the anode (+ve) [118, ESTAL, 2003, Ireland, 2003 #125].

As a simple example, M is the metal being electroplated, and X is the anion in solution:

Cathode Anode
e in acid solution:
anode reaction: 2H,0 — 4H" + 0,1 + 4¢ Electrolysis of water
cathode reaction: M'+e > M| Reduction to metal
e in alkali solution:
anode reaction: 40H — O,1 + 2H20 + 4¢
cathode reaction: M'+e —> M|

The choice, design and sizing of the other line components and associated activities are
dependent on the choice of the electrolytic cell and its components. The choice of an electrolytic
cell depends on:

o the industrial applications the producer intends to supply;
e the layer type and thickness required (deposit and/or conversion) and of the throughput
capacity required;
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e the type of substrates (workpieces) to be treated;
e the transport type required to move them: jig, barrel or coil.

Electrolytic cells may be classified in function by four main parameters:

electrolytic cell geometry;

current density;

types of electrolyte bath (described for each process, below);
anode types.

Two families of anodes are available:

e Soluble anodes which have two functions: to provide metal ions to the electrolyte bath
and to repel the positive ions towards the substrate (forming the cathode). The anodes
are consumed during the process and need to be replaced regularly to maintain the
solution strength. They are fixed on a supporting rail which carries the current to them.

e Insoluble anodes have only one function: to repel the positive ions towards the steel
strip (cathode). They are constructed of current carrying materials that do not take part
in the solution reaction. They are used in electrochemical processes where the anode
material does not take part in the process, such as electrolytic degreasing. Where there
is deposition of material, process solution strength is maintained by additions as make-
up, often from a separate feed tank, e.g. a zinc dissolution tank.

221 Core metal plating activities
2211 Copper and copper alloy plating
[3, CETS, 2002] Copper plating is common for items in daily use, such as coins, and buttons or

zip fasteners with a patina for haberdashery. These types of workpieces can be plated on jigs or
in barrels. ine essentialinorin ireu man o_cee Seeti

221141 Cyanide copper

Cyanide copper low temperature electrolytes are necessary for strike plating on steel and zinc
die casts to prevent spontaneous cementation of copper and poor adhesion of the subsequent
metal deposit. This type of solution is based on copper cyanide and sodium cyanide, with a
copper concentration of 15 — 20 g/l. Copper strike layers are usually no thicker than 2- 3 um.

Thicker layers (6- 8 um) are achieved with potassium cyanide and potassium hydroxide based
high performance electrolytes at a metal content of 25 — 50 g/I, mainly for barrel plating and
others.

Another high performance electrolyte is based on copper cyanide and sodium cyanide with
potassium sodium tartrate providing higher current densities system, enhanced brightness of
layers and reduces the tendency to anode passivation. The metal content is 40 — 60 g/1.

Potassium carbonate is generated in potassium-based systems during processing. This disrupts
bright copper deposition and causes roughness at concentrations beyond 90 g/1.

Environmental considerations
Process tanks may be equipped with fume extraction to remove generated aerosols.
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Sodium-based solutions can be regenerated by batch or continuous precipitation of sodium
carbonate.

Potassium-based electrolytes have to be discarded as soon as the content of potassium carbonate
exceeds 90 g/1.

Effluent can be treated in typical waste water plants, with a cyanide oxidation stage.

221.1.2 Acid copper

These solutions are now the usual choice for copper plating [ 124, Germany, 2003]. Due to their
excellent levelling capability, acid copper electrolytes based on copper sulphate and sulphuric
acid are used to make polishing and buffing redundant prior to decorative bright nickel and
copper plating on furniture frames, bathroom fittings, wire work, etc. The normal copper
content is 50 — 60 g/l and sulphuric acid is 60 — 90 g/1.

The solutions are also cyanide free, do not suffer from carbonate build-up and are more
electrolytically efficient.

Environmental considerations
Process tanks may need to be equipped with fume extraction to remove aerosols generated by
air agitation of the plating solution.

Effluents can be treated in typical waste water plants for low pH and to remove copper.

22113 Pyrophosphate copper

Pyrophosphate copper electrolytes no longer play an important role. They are based on copper
pyrophosphate (110 g/1) and potassium pyrophosphate (400 g/1). Additives are citric acid
(10 g/1) and ammonia (3 g/1) [124, Germany, 2003].

They are used for special technical applications such as shielding on heat treated parts, as a
drawing aid for wires, and for other thick bright layers that need little or no polishing, to prevent
hydrogen embrittlement and as an intermediate layer below nickel and silver.

Pyrophosphate is continuously decomposed by hydrolysis if pH is not maintained sufficiently,
shortening the lifetime of the process solution. Appropriate regeneration means are not currently
available. However, properly maintained baths can last more than 10 years [129, Spain, 2003].

Environmental considerations
Fume extraction is normally used at process tanks.

Effluents have to be treated with lime, as sodium or potassium hydroxides do not precipitate
copper from the pyrophosphate.

Due to the ammonia content, separate treatment from other effluents containing metals is
required.
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22114 Brass

Brass is predominantly an alloy of copper and zinc although nickel, tin, or lead may be added. A
mixture of copper and zinc cyanides in solution are widely used to deposit copper and zinc
alloys for decorative purposes. They are alkaline electrolytes containing between 8 — 15 g/l
copper and 5 —30 g/l zinc (depending on the formulation used). The total sodium cyanide
content can vary from 70 to 90 g/l and working pH around 10. The deposited alloy contains
65 to 80 % of copper and the colour is light yellow. It can be used as a flash over a bright
substrate or if heavier deposits are used then different finishes can be obtained through a
subsequent chemical colouring of the deposit.

22115 Bronze

Bronze is copper alloyed with tin and zinc. Cyanide bronze alloy is used as a decorative plating
process. It is used as a substitute for nickel in jewellery as a ‘nickel free’ coating to avoid skin
allergy effects. Acid bronze is under development [124, Germany, 2003].

The metal concentration in this stannate and cyanide-based electrolyte is 4 — 10 g/l of stannate,
4-20 g/l copper, and 1—4 g/l zinc, with 6 — 10 g/l potassium cyanide. It is used in two
different colours: white or yellow bronze.

Lead is used in low concentration as a brightener in some electrolytes. Its future use in many
products is banned by new directives [98, EC, 2003, 99, EC, 2000].

Cyanide oxidises with the passage of current to carbonate. Solutions have to be discarded as
soon as the carbonate level exceeds 40 g/1.

Environmental considerations
Process tanks may need to be equipped with fume extraction to remove generated aerosols.

Effluent can be treated for pH, cyanide and metals in a typical waste water treatment plant with
a cyanide oxidation step.

2.21.2 Nickel electroplating

[73, BSTSA, ] Nickel electroplating and electroless plating processes are used in a wide range
of industrial and consumer applications. Although the prime function of these processes is to
improve the resistance of substrates to corrosion, wear and abrasion, nickel provides a smooth,
highly reflective and corrosion-resistant coating below a range of other coatings for decorative
finishes.

Nickel plating processes- including both electrolytic and electroless (autocatalytic) systems- can
conveniently be considered in seven separate categories.

Nickel/chromium electroplating

The most important application of nickel is in nickel/chromium electroplated coatings,
commonly called ‘chrome plating’. They consist of a very thin chromium topcoat (1 %) over an
undercoat of nickel (99 %). Nickel provides a very smooth, brilliant corrosion-resistant finish.

Nickel electroplating with other topcoats
Brass, gold and silver topcoat systems are used as alternatives to chromium.

Nickel electroplating
Nickel can be used on its own without any topcoat. Generally, this is only for engineering
purposes, such as refurbishment of worn components.
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Nickel composite electroplating systems

Almost uniquely, nickel matrixes can be formed in which inert, non-metallic particles, such as
silicon carbide, diamond or PTFE are incorporated by co-deposition to improve engineering
properties such as hardness, abrasion resistance and coefficient of friction.

Nickel alloy electroplating
Electrodeposited nickel alloys of commercial significance include zinc-nickel, nickel-cobalt,
and nickel-iron.

Nickel electroforming

Nickel electroforming is a unique process that allows articles to be produced by the
electrodeposition of relatively thick nickel layers-it is a vital part of the process of
manufacturing compact discs, DVDs, holograms and screen printing cylinders.

Electroless nickel plating

This is a chemical process giving hard uniform coatings. They can also be deposited on
materials that cannot be electroplated, such as plastics and some alloys. A full description of
these processes is given in Section 2.5.8.

Overall environmental considerations
The health issues related to nickel metal and its soluble salts, and the principal areas of concern
are described in Section 1.4.4.1.

Nickel solutions are likely to require agitation and the choice of agitation can affect the amount
of airborne pollutants, see Section 4.3. Effectiveness of distribution can be improved by the
addition of wetting agents.

Exhaust extraction is regularly used and mist eliminators are often employed and the effluents
may be treated with other waste waters (see below).

Waste waters can be treated in a typical waste water treatment plant. However, waste waters
containing nickel must be separated from cyanide-bearing waste waters, as nickel forms stable
complexes with cyanide which are difficult to treat. Contact with other complexing agents
should also be avoided.

Solid residues will require management as a hazardous waste [92, EC, 1991], [100, EC, 2000].

Substrate considerations

Nickel is regularly deposited onto a wide range of metallic substrate materials commonly used
in manufacturing processes such as steel, copper, brass, zinc alloys, aluminium, and magnesium
as well as onto a range of plastics substrates.

It can successfully be plated directly, achieving good adhesion, onto some of these substrates
(steel, copper and lead-free brass) if the correct cleaning and other pretreatment processes (see
Section 2.3) are properly carried out.

Zinc alloys are, however, susceptible to corrosive attack in acidic nickel plating solutions and
consequently require a layer of copper deposited from a cyanide solution (see Section 2.5.1)
before nickel can be successfully deposited.

With aluminium and its alloys, because of their very high surface reactivity, it is necessary to
deposit a layer of zinc (produced by non-electrolytic chemical treatments known as the ‘zincate’
or ‘double zincate’ processes) before a layer of copper can be applied, again from a cyanide-
based solution. Magnesium alloys require similar treatment.

48 February 2025 DDG/GCH/ES/EU-BRITE/STM_Draft 1



Chapter 2

221.21 Watts-type nickel solutions

Watts-type nickel solutions account for the majority of solutions used in the nickel plating
industry, including those used for nickel-chromium plating, nickel with other topcoat systems
and composite nickel plating. Nickel sulphate (240- 375 g/1) is used with nickel chloride (35- 60
g/1) and boric acid (30- 45 g/l). Operating temperatures can range from 25 to 70 °C although the
more restricted range of 50 to 60 °C is more common. The pH is normally 3.5-4.5.
Formulations with a nickel chloride content at the higher end of the range may be used to
achieve increased deposition rates.

Watts-type solutions can be used without any additions to produce dull nickel deposits, although
wetting agents are almost always added to reduce gas bubble retention on the nickel surface
which would result in ‘pitting’. However, Watts-type solutions are most frequently employed
with the addition of organic compounds. These modify the metallurgical structure of the nickel
to produce either a lustrous and fully bright appearance or alternatively semi-bright or satin
nickel deposits. As well as altering the visual appearance of the nickel, these additives also
inevitably bring about changes in deposit ductility, hardness and internal stress. Typical
additions depend on the required function of the nickel deposit and varies from a small amount
of organic semi-brightener (<1 ml/l) and wetting agent (<1 ml/l) for a semi-bright finish to
primary and secondary brighteners at 10- 20 ml/l and <10 ml/l wetting agent for a bright finish.

There are many types of organic compounds used to modify the properties of deposits produced
from Watts-type solutions. In general, they are added as proprietary mixtures.

If regularly analysed, used and maintained with care, Watts-type solutions can have an almost
indefinite working life. Nickel metal deposited at the cathode is rather more than fully
replenished by that dissolved at the anode since the cathode efficiency is normally only between
96 — 98 %, compared to an anode efficiency of 100 %. This small difference in efficiencies is
normally compensated for by removal (‘drag-out’) of solution from the process tanks by work
being carried forward into the rinsing system. In systems where ‘drag-out’ is low, the solution
concentration may actually increase; this may require treatment to keep the concentration within
operating limits.

The problem most likely to shorten the working life of the nickel solution is the introduction of
contamination which can be either inorganic or organic in nature.

Inorganic contaminants can be introduced by an impure water supply, solution carried forward
into the nickel solution from those preceding it in the process chain (e.g. cleaning solutions) or
metallic components accidentally dropped into the nickel solution, such as work falling from
jigs, subsequently dissolving into the process solution. Some inorganic contaminants (Fe) can
be removed by measures such as high pH precipitation and others (Cu and Zn) by low current
density electrolysis known as ‘plating out’, see Section 4.11.9.

A considerable number of organic contaminants can be removed simply by filtration over
activated carbon or using adsorber polymers. Others may require additional treatment either
with hydrogen peroxide or with potassium permanganate in order to break down the compound
into simpler ones that can then be removed by active carbon treatment.

Environmental considerations
See overall environmental considerations.

The-Some wetting agents used-de-net-usually may interfere with typical waste water treatments.
[176, CETS, 2024].

With suitable maintenance and rinsing measures, closed loop operation can be achieved,
reducing effluent treatment requirements and increasing raw material and water conservation.
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2.21.2.2 Nickel sulphamate-based solutions

These solutions are widely used, and most frequently in electroforming applications where the
low internal stress of the deposits they produce is absolutely vital. In these cases chloride-free
solutions can be used (but only if a form of sulphur-activated nickel anode material is
employed) to reduce deposit stress to a minimum. They are also used in barrel plating
operations and reel-to-reel, since their higher electrical conductivity allows faster deposition
rates to be used, and for thicker layers (> 2 000 pm).

Generally, sulphamate-based solutions are not used in situations where Watts-type solutions
will prove effective due to their higher cost.

The solutions are based on nickel sulphamate (rather than nickel sulphate) in concentrations
ranging from 350 to 600 g/l of the tetrahydrate salt, allowing a higher current. These solutions
always contain boric acid (35 — 45 g/1) and frequently nickel chloride (1- 15 g/1).

These solutions normally operate in similar temperature and pH ranges as those used for Watts-
type solutions although high concentration sulphamate solutions that are used to achieve high
metal deposition rates, using current densities up to 35 A/dm?, are often operated at around
70 °C.

Sulphamate-based solutions are frequently used without any additions, other than wetting agents
to reduce ‘pitting’. However, selected organic compounds, such as saccharin and naphthalene
tri-sulphonic acid, can be added to the solution to increase deposit hardness or to control deposit
internal stress.

Like Watts-type solutions, those based on nickel sulphamate can have an almost indefinite life if
analysed regularly and carefully maintained. There is, however, an additional complication to be
considered in relation to the chemical and electrochemical stability of the sulphamate anion. At
higher temperatures and lower pH values this will hydrolyse to produce sulphate ions plus
ammonium ions in solution. The ammonium ion increases the deposit stress and hardness to
unacceptable levels and, furthermore, cannot be removed from the solution. In addition, if the
anodes in the process solution become passive, the sulphamate anion will undergo
electrochemical oxidation to produce an unspecified mixture of by-products that radically and
detrimentally affect deposit properties.

The avoidance of inorganic and organic contamination and treatment are as for Watts-type
solutions.

Environmental considerations
Issues relating to solution loss by ‘drag-out’ and effluent treatment are the same as for Watts-
type ones.

2.21.2.3 Nickel chloride-based solutions

Solutions based on nickel chloride have very limited uses due to the very high internal stresses
of the deposits they produce. One exception is the Woods nickel strike solution which normally
consists of 240 g/l of nickel chloride hexahydrate plus 125 ml/l hydrochloric acid and is
operated at 20- 30 °C. It is used for one specific purpose only: to provide an initial adherent
nickel layer on the surface of materials, such as stainless steel and nickel-chromium alloys,
where it is difficult to achieve adhesion due to the naturally forming passive oxide film.
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221.24 Nickel sulphate-based solutions

Solutions based on nickel sulphate and not containing nickel chloride are only rarely used as
they do not promote good dissolution of the nickel anode material. Formulations similar to the
Watts-type solution (but without chloride) can be used when it is vital to use inert anodes in
order to deposit into highly inaccessible recesses.

A sulphate-based (70 g/l nickel sulphate plus 100 g/ sulphuric acid) nickel strike solution is
sometimes used for a similar purpose as the Woods solution (see above).

2.21.2.5 Nickel phosphorus-based solutions
[Note to the TWG: Please complement the description below]

Solutions based on nickel phosphorus are used in an electroless plating process that involves the
deposition of a nickel-phosphorus alloy onto a substrate. The solution is typically based on a
nickel sulphate or nickel chloride formulation, with sodium hypophosphite (NaH,PO,) as the
primary phosphorus source. The solution also contains other additives, such as complexing
agents, stabilisers, and pH adjusters, to maintain the stability and performance of the bath.

In terms of specific applications, such coatings are commonly used in the electronics industry
for components such as connectors, switches and contacts. They are also used in the aerospace
industry for corrosion-resistant coatings on aluminium alloys.

In contrast to nickel-cobalt and nickel-iron alloys, phosphorus-based coatings do not require
special additives to stabilise the ferrous ions in solution, as they do not contain iron. However,
the plating solution does require careful control of pH, temperature and chemical composition to
maintain optimal performance and prevent spontaneous decomposition.

Overall, the plating process using a phosphorus-based solution offers a versatile and effective
method for depositing corrosion-resistant, wear-resistant coatings onto metal and plastic
substrates. [170, CETS, 2022]

2.21.2.6 Other nickel plating solutions

Solutions based on nickel fluoroborate are mentioned in literature but currently find little, if
any, commercial application.

2.21.2.7 Nickel alloy plating solutions

Nickel-cobalt alloys are used in electroforming because they are harder than pure nickel and
nickel-iron alloys find applications in the electronics industry, generally related to their
magnetic properties. Solutions used for depositing both types of alloy are normally based on the
standard Watts-type or nickel sulphamate formulations, with the same issues of operation and
maintenance.

Nickel-iron processes, however, require special additives to stabilise the ferrous ions in solution
and prevent spontaneous oxidation to the ferric state.

Nickel-zinc alloy plating processes that produce alloys containing 10- 14 % nickel have been
developed recently and are becoming increasingly important since they can provide almost
10 times the level of corrosion protection that can be achieved with pure zinc (see Section
2.54.).
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2.21.2.8 Thermochemical diffusion processes
[Note to the TWG: Please complement the description below]

One common application of thermochemical diffusion processes is after electroless nickel
plating. Electroless nickel plating is a process that involves the deposition of a thin layer of
nickel onto a substrate material using a chemical reaction. However, the nickel layer can be
prone to corrosion and wear and may not provide adequate protection for certain applications.

To address this issue, thermochemical diffusion processes can be used to diffuse atoms or
molecules into the nickel layer at high temperatures, creating a thin, uniform layer of material
that enhances the properties of the nickel. There are several types of thermochemical diffusion
processes, including the following:

e Pack cementation: This process involves the use of a pack of powder or granules to
diffuse atoms or molecules into a substrate material.
e Gas-phase diffusion: This process involves the use of a gas to diffuse atoms or
molecules into a substrate material.
e Jon implantation: This process involves the use of high-energy ions to diffuse atoms or
molecules into a substrate material.
[170, CETS, 2022]

2213 Chromium plating
[Note to the TWG: This Section is not updated yet as regards the use of Chromium in plating
activities]

Chromium plating has found wide usage both as a decorative surface finish (bright chromium
plating) and as a functional coating (hard chromium plating), because of its typical high
hardness and wear resistance properties. It is also widely used in packaging applications (see
Section 1.3.2). [3, CETS, 2002]

For decoration, often referred to as bright chrome or bright chromium, it is usually applied as a
thin layer to prevent the corrosion of the very level and bright surfaces generated by bright
nickel undercoats. Deposit thickness is generally in the range 0.1 to 0.4 pm [73, BSTSA, 124,
Germany, 2003], with a treatment time from 2 to 13 minutes [73, BSTSA]. The finish has a
typical silver-bright colour and has a very high resistance to tarnishing,.

Bright chromium can be plated either from a hexavalent or trivalent chromium electrolytes [122,
UBA, 2003].

Hard chromium plating (usually known as hard chrome) consists of heavy deposits applied on
particular components (drive shafts, hydraulic cylinders, aircraft landing gear [73, BSTSA, ]
pins, valves, etc.) to give high resistance to mechanical and wear damage. Hard chromium
plating can only be plated from hexavalent chromium electrolytes.

Acrosols are generated from the hexavalent process solution by significant cathodic hydrogen
evolution. The health effects of hexavalent chromium are described in Section 1.4.4.1.
Theoretically, trivalent processes based on a chloride solution may produce hazardous organic
halogens (AOX) and chlorine gas, but production solutions prevent this by additives reducing
the chlorine. There is no problem with sulphate-based solutions.

Further issues relating to Cr(III) and Cr(VI) are discussed in Section 4.9.6.

Overall environmental considerations for hexavalent chromium
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Process tanks are normally equipped with fume extraction to remove hexavalent chromium
aerosols.

Fume suppressants may be used to control foaming and to reduce the amount of aerosol,
whether in conjunction with fume extraction or not [73, BSTSA, ]. However, the-suppressants
are may be based on PFASPEOS, which are #s-toxic and persistent [73, BSTSA, ]. [176, CETS,
2024]

Extracted vapours may be treated through a suitable mist eliminator and the wash liquor treated
with other chromium effluents.

Effluents may be treated in a typical waste water treatment plant, with reduction of Cr(VI) to
Cr(III) followed by flocculation and precipitation.

Cr(IIT) solutions do not require separation and reduction prior to treatment.

2.21.31 Bright chromium plating (hexavalent chromium electrolytes)

Bright hexavalent chromium plating electrolytes are based on chromic acid (80-400 g/1),
sulphate as the primary catalyst (0.8- 5.0 g/1) such as fluoride ions (<2 % of the concentration of
the chromic acid). Where high corrosion protection is required so-called ‘micro-cracked or
micro-porous’ chromium coating can be applied using readily available techniques, with a
thickness from 0.7 to 0.8 um, and a treatment time of 7- 8§ minutes [113, Austria, 2003].

Decorative chromium coating properties are determined by the characteristics of the nickel
underlayer, by the CrOs/catalyst ratio and by the operating temperature (20 —45 °C) [73,
BSTSA, ; [124, Germany, 2003].

Environmental considerations
See overall environmental considerations for hexavalent chromium, above.

221.3.2 Bright chromium plating (trivalent chromium electrolytes)

Bright trivalent chromium electroplating electrolytes are based on chromium III compounds,
such as sulphate or chloride, together with proprietary chemicals. The electrolyte contains only
about 20 g/l of the trivalent chromium, compared with about 200 g/l of chromic acid in the
hexavalent chromium process.

Currently, trivalent chromium can only be used for decorative finishes, and cannot replace
hexavalent chromium for hard chrome plating (see Section 4.9.8.3) [124, Germany, 2003]

The use of trivalent chromium eliminates the carcinogenic and other hazards associated with
hexavalent chromium in the workplace. Fume extraction and scrubbing, or fume suppressant are
not required for hexavalent chromium. However, additives are required to prevent the formation
of free chlorine and AOX.

The lower electrolyte concentration has a lower viscosity than the hexavalent electrolyte. This
results in better draining of plated parts, and subsequently less drag-out, less loss of electrolyte,
less effluent treatment required and less chromium-containing waste being produced.

Environmental considerations
There is no hexavalent chromium aerosol to control, but fume extraction may be required to
deal with any acid fumes [115, CETS, 2003, 124, Germany, 2003].
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Fume extraction will assist with, providing evaporation and sufficient volume reduction for
additions made during solution maintenance [124, Germany, 2003] or returned drag-out from
rinsing processes. However, evaporation may be needed.

The significantly reduced drag-out losses result in much reduced associated effluent treatment
and sludge disposal requirements: up to 90 % reduction is possible.

The waste water requires less chemical treatment as the chromium is already in the trivalent
state and will precipitated at a suitable pH.

2.21.3.3 Black chromium plating

Black chromium finishes can be achieved for decorative black pieces and on the same substrates
as for bright chromium plating. They are also plated onto a preceding nickel layer. Usually, they
are treated in emulsions to achieve a decorative finish after the plating process (see Section
2.5.11).They are based on hexavalent chromic acid electrolytes (350- 520 g/l) and catalysts
(nitrates, fluorides). The layers are porous and <lum. [113, Austria, 2003]

Environmental considerations

See overall environmental considerations for hexavalent chromium, above.

Although not usually required, there may be a need to treat nitrates and/or fluorides in any waste
waters.

22134 Hard chromium plating

Hard chromium plating electrolytes are based on chromic acid (180 — 350 g/l) and on one of the
following catalysts:

e sulphate ions (1.8 — 6.0 g/1);
e mixed sulphate and fluoride ions (<2 % of the content of the chromic acid);
e pre-prepared proprietary fluoride-free (<2 % of the content of the chromic acid).

The catalyst choice is fundamental to the efficiency of the electrolyte (from 25-33 % [73,
BSTSA, ] for the sulphate catalyst to 25 — 27 % for the pre-prepared proprietary fluoride-free
type). The type of catalyst used, and the operating temperature have a great influence both on
the physical properties (cracked, micro-cracked and crack-free coatings) and on the chemical
and mechanical properties, e.g. the corrosion and wear resistance, the mechanical workability,
etc. [3, CETS, 2002, 74, BSTSA, |

Environmental considerations
See overall environmental considerations for hexavalent chromium, above.

Due to the long plating times and high process temperatures (50- 60 °C) there is usually
sufficient evaporation to use rinse-water returned from the subsequent rinsing station. This may
enable closed loop operation, with or without an evaporator. Alternatively, there may be high
water consumption [73, BSTSA, ].

2.2.1.3.5 Passivation with chromium-free processes
[Note to the TWG: Please complement the description below]

Passivation is used to prevent corrosion and improve the durability of metal components.
Traditional passivation processes often involve the use of chromium-based treatments, which
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have provoked environmental and health concerns. As a result, chromium-free passivation
processes have been developed, including zirconium-based treatments.

Zirconium-based passivation processes involve the use of zirconium salts or compounds to
create a protective layer on the surface of metal components. The zirconium layer is oxidised to
form a stable and durable oxide layer, which provides corrosion protection.

Zirconium is one of the alternatives to the use of chromium, e.g.in the following:

e Aecrospace: For passivating aluminium and other metal components used in aircraft and
spacecratft.

e Automotive: For passivating metal components used in vehicles, such as brake
components and fuel systems.

e Medical: For passivating medical implants and equipment, such as surgical instruments
and hospital furniture.

e Food processing: For passivating metal components used in food processing equipment,
such as stainless steel and aluminium.

In addition to zirconium-based treatments, other chromium-free passivation processes are being
developed, including: titanium-based treatments, silicon dioxide, aluminium oxide, and
polymer-based treatments using for example polyurethane and polyethylene. [170, CETS, 2022]

2214 Chromium conversion coatings

[Note to the TWG: This section corresponds to Section 2.5.17 of the original STM BREF]

[Note to the TWG: This section is not updated yet as regards the use of Chromium in plating
activities]

[3, CETS, 2002, 104, UBA, 2003]

Chromium conversion coatings are used to enhance corrosion protection on various metal
surfaces, including electroplated zinc and cadmium, zinc die castings, tin, aluminium,
magnesium and magnesium alloys, copper, brass and bronze, nickel, silver and stainless steel.
Without such protection, zinc electroplated steel surfaces have a strong tendency to white (zinc
oxide) corrosion. Often referred to as ‘chromating’ because the process originally used only
hexavalent chromium as the chromate ion (Cr,O4>), it is used in nearly all areas of the steel
processing industry and is an essential post treatment step in zinc plating. The wide spread use
of the original yellow chromating was increased by the development of further layer systems of
blue and black chromating, which have decorative effects in addition to corrosion protection.

Phospho-chromating exists with both hexavalent chromium (Cr(VI)) and trivalent chromium
(Cr(IIl)) versions and is used in the treatment of aluminium prior to painting in special

applications HHE&ESTAL 20034

The layer thicknesses of the chromating coats lie between 0.1 and 2 um. They are well suited as
adhesion mediators for subsequent treatment with paint layers or synthetic material coatings.
Lubricants can be included in order to decrease the friction values of treated pieces.

The corrosion protection of the chromium coatings can be increased by further sealing layers,
described in topcoatings, Section 2.5.17.7.

The typical composition of solutions are chromic acid, dichromate, chloride, fluorides,
sulphates, borates, nitrates and acetates, which are used in different combinations and
concentrations to produce different colours and layer characteristics.

Overall environmental and health considerations
For health issues relating for Cr(VI), see Section 1.4.4.1.
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For Cr(VI) aerosols and effluents, see Section 2.5.3.

221.41 Chromium (VI) conversion coatings

Conventional processes are all based on the use of acid oxidising solutions, the oxidant being
hexavalent chromium (Cr(VI)). The protection mechanism is based on the dissolution of the
Cr(VI) present at the surface of the film. The presence of chromate works locally to inhibit any
corrosive action on the exposed metal surface.

221.4.2 Chromium (VI) conversion coatings on electroplated zinc layers

Coatings are applied by chemical reaction in aqueous solutions. Numerous proprietary
conversion coating processes are available, producing decorative and protective films with
colours ranging from clear through iridescent yellow to brass, brown, olive drab and black.
Broadly, the deeper the colour the better the corrosion resistance.

22143 Chromium (VI) conversion coatings on copper, brass and bronze

Chromate solutions to treat copper and copper alloys are prepared with proprietary materials.
The treatment not only passivates the surface but also provides effective chemical surface
polishing. Consequently, chromate treatments on copper and copper alloys are used both as a
final finish and as a whole or partial substitute for mechanical buffing prior to nickel or
chromium plating. The passivity obtained is effective in reducing corrosion and sulphide
tarnishing.

Environmental considerations
Chromate bright dipping solutions are preferred because of their non-fuming nature.

Increased effluent treatment may be required because of the dissolution of copper in the process
bath.

22144 Chromium (VI) conversion coatings on magnesium and its alloys

Because of their corrosion characteristics, chromate treatment is still the only common method
to treat magnesium and magnesium alloys. This treatment is often applied at the raw material
source, in order to ensure good storage characteristics. Chromate treatment is also used to
prepare magnesium and magnesium alloys for subsequent plating, particularly for nickel
autocatalytic plating.

There are two typical process methods in use:

e pickling is mainly used to protect parts during storage and shipment
e dichromate treatment provides maximum corrosion protection and improved adhesion
properties for paint.

22145 Trivalent chromium (Cr(lll)) conversion coatings on aluminium-and
electroplated zinc

Trivalent chromium (Cr(III)) conversion coating processes were first developed about 20 years
ago as a more environmentally acceptable alternative to hexavalent chromium (Cr(VI))
processes, mainly on electroplated zinc. These conversion coating systems and treatment baths
do not contain hexavalent chromium and therefore avoid the environmental or health problems
associated with hexavalent chromium. [118, ESTAL, 2003]
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Trivalent chromium-based blue coating processes can produce the appearance traditionally
associated with hexavalent processes over acid, cyanide or alkaline non-cyanide zinc plating
systems.

Trivalent chromium conversion coating processes usually produce clear or blue conversion
coatings only. Recently, trivalent chromium passivates producing a higher film thickness and
greater corrosion resistance have been developed that perform well in comparison with
iridescent hexavalent chromium passivation.

At least one process is available with coatings that are Cr(VI)-free. They have a unique light
green, yellow iridescent colour and provides up to 120 hours to first white corrosion when
barrel processing and up to 240 hours when rack processing. These numbers vary depending on
the process and if a topcoat or sealer has been added. This passivation can be used on all zinc
plating (acid, alkali non-cyanide and cyanide) as well as zinc alloys (Zn-iron, Zn-cobalt and Zn-
Nickel). It is claimed that treated parts can be baked at 200 °C for four hours and still retain up
to 90 % of their corrosion protection abilities.

Black Cr(VI)-free passivations have also been developed which, with sealers, give the
comparable corrosion test results [ 124, Germany, 2003].

However, the thickest conversion coatings, olive drab, that give greater corrosion protection for
zinc can only be achieved using hexavalent chromium conversion coating processes.

Compared to hexavalent chromium conversion coating processes, the trivalent chromium
conversion coating;:

e can provide equal or more corrosion-resistant for the same colour finish [124, Germany,
2003]

e does not require a running in period for freshly prepared passivation solutions

e the colour and performance of the processes are more uniform throughout the solution
life

e solution is normally at least twice that of conventional hexavalent chromium and
limited by impurities rather than consumption of the active chromium compounds,
resulting in less solution disposal

e cannot produce the range of colours and corrosion resistance given by hexavalent
coatings

e requires more process control

e may require a top coating or sealer to produce similar corrosion performance to darker
Cr(VI) passivations.

Environmental considerations
There are no specific health and safety considerations for Cr(III).

Reduction of Cr(VI) to Cr(IIl) is not required during waste water treatment.

Cr(IIT) processes generally contain approximately ten times the concentration of chromium to
Cr(VI) baths. The zinc removal from zinc plating is twice that of Cr(VI). Cr(IIl) may therefore
generate more waste in waste water treatment [113, Austria, 2003].

Cr(III) processes with a similar corrosion resistance to Cr(VI) processes are usually heated baths

with a higher energy consumption than the corresponding Cr(VI) processes [73, BSTSA, ].

22146 Topcoatings for chromate conversion coatings
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Both hexavalent and trivalent chromate conversion films are porous and adsorbent in nature and
their thickness is very limited. Their protective action can be enhanced by applying a
subsequent top coating film, either organic (e.g. methacrylate, see electropainting, Section
2.5.10 and lacquering, Section 2.5.11) or inorganic (e.g. metasilicate) and/or mixed inorganic-
organic. These topcoatings have additional functions: a self-healing effect, providing protection
against local mechanical scratches due to improper handling during processing; a substantial
reduction in the quantity of Cr(Ill) leaching out from the treated surface, and a reduction in
friction parameters [ 124, Germany, 2003]. Top coating protection is mainly due to the physical
barrier of the coating itself.

2215 Zinc and zinc alloy plating

Zinc and zinc alloy coatings are the most widely used electrolytic surface treatment, providing
corrosion resistance and/or cheap decorative coating to a very wide variety of iron and steel
items for the automotive, construction and other industries. For example, they are used for steel
sheet or wire, screws, washers, nuts, bolts, shopping trolleys, construction frames (chassis) and
casings for domestic appliances (such as washing machines) and many other kinds of
applications (see Section 1.1). [3, CETS, 2002, 78, BSTSA, ]

Zinc layers require post-treatment (see Section 2.5.17): in conjunction with various coatings,
zinc layers of only 2.5 —18 um thick will be sufficient to protect parts for their whole working
lifetime [159, TWG, 2004].

Zinc plating has been in existence for a hundred years and because of its wide application, many
different electrolyte systems are in use. The most common ones are described below.

Overall environmental considerations

Zinc ores contain cadmium. At the purity used for zinc electroplating, anodes contain about 1
gram of cadmium per tonne of zinc or 0.0001 %. EN 1179: requires a zinc purity of 99.995 %.
The maximum amount of cadmium allowed is 0.003 %, although in practice, this is about
0.0003 % or 3 g per tonne [124, Germany, 2003] Trace quantities of cadmium may therefore
appear in the effluent. These traces are largely removed in typical waste water treatment plants,
and will be in the sludge produced. The quantities in either treated effluent or wastes are not
usually significant. Treatment to remove zinc to regulatory levels are usually sufficient to
remove this incident cadmium. If necessary, additional steps such as filtering may be added (see
Section 4.16.10 [124, Germany, 2003].

221.51 Alkaline cyanide zinc

This is used mainly for technical (non-decorative) corrosion-resistant layers. The process
electrolytes are easy to operate, and have compositions of zinc oxide (10 — 30 g zinc/1), sodium
hydroxide (80 — 120 g/l) and sodium cyanide (5 — 100 g/l). They operate at pH values close to
14, using both soluble and insoluble anodes.

Alkali zinc gives coating with good post-forming properties. Some sources suggest this is due to
a fine structure of the deposit, others that is due to the cleaning action of the cyanide solution
giving good adhesion [73, BSTSA, |.

The cyanide-based electrolyte has good throwing power into holes and blind spaces.

The plating solution has low conductivity, thus a higher voltage (6- 8 V for jig plating, 10-15 V
for barrel plating) and a higher energy demand is needed. [73, BSTSA, ] Carbonate build-up
from cyanide decomposition can be dealt with by crystallising out (see Section 4.11.4), which
also removes metallic impurities in the electrolyte.
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The current efficiency is from 50 % to 75 % on a well-run process at an average current density
of 2A/m?[73, BSTSA, ], but decreases with increasing current density.

Fume extraction of the process tanks to remove aerosols may be used.

Environmental considerations
There is an industry tendency towards decreasing the cyanide content because of environmental
and safety reasons.

Cyanide in rinse-waters can be readily oxidised by several methods in the waste water treatment
plant.

Zinc can be readily removed in a typical waste water treatment plant.

221.5.2 Alkaline cyanide-free zinc

These are mainly applied for technical corrosion-resistant layers (non-decorative). The process
solutions contain zinc oxide (5— 15 g zinc/l) and sodium hydroxide or potassium hydroxide
(100 — 150 g/1). This process may require better pre-cleaning treatment than for cyanide
solutions [73, BSTSA, ]. The process can give better metal distribution than cyanide
electrolytes.

The plating solution has a low conductivity, thus a higher voltage (6- 8 V for jig plating, 10-
15 V for barrel plating) and higher energy demand is needed.

Current efficiency 65- 70 %, decreasing with increasing current density. 70 — 85 % is achievable
at 2A/m? for well-managed processes [129, Spain, 2003, CETS, 2003 #115].

Environmental considerations
Zinc from rinses can be readily removed in an waste water treatment plant.

Aerosols from the bath can be reduced by using wetting agents, which create a foam blanket
over the bath.]. However, the suppressants may be based on PFASPEGS, which are is toxic and
persistent [73, BSTSA, ]. [176, CETS, 2024]

Air extraction may be required from the plating vats and any external dissolution tank for zinc
metal (see Section 2.13.3[113, Austria, 2003].

This process has a much higher energy demand than other zinc-processes (cooling, lower
current efficiency). Potassium electrolytes have better current efficiency than sodium
electrolytes [113, Austria, 2003].

22153 Acid zinc

Acid zinc electrolytes give bright decorative layers, and used, for example, on furniture frames,
shopping trolleys and baskets. In conjunction with post-treatments, they provide corrosion
resistance comparable with finishes from alkaline-type electrolytes. Metal distribution is poor to
acceptable, but this improves with warm electrolytes.

Electrolytes contain zinc chloride (30 — 55 g zinc/l), potassium and/or [124, Germany, 2003]
sodium chloride (130-180 g/l) [116, Czech-Republic, 2003], boric acid (10—40 g/1) and
wetting agent. Only soluble anodes are used. The solutions have good conductivity and high
cathode efficiency, typically 93- 96 %. It has a lower energy demand than alkali processes|[73,
BSTSA, ].

DDG/GCH/ES/EU-BRITE/STM_Draft 1 Februar 2025 59



Chapter 2

Plating tanks may be equipped with fume extraction hoods to remove chloride-containing mists,
thus preventing the corrosion of equipment.

Environmental considerations
Current efficiency of the electrolyte means lower power consumption.

If the extracted air is passed through mist elimination, effluents may require treatment to adjust
pH and remove zinc.

Effluents may be easily treated in typical waste water treatment plants.

Acid zinc electrolytes generate more solids in effluent treatment than alkali cyanide processes,
resulting in possibly four times as much solids. This may be due to increased dissolution of steel
substrates, where the iron both bulks and acts as a flocculant in waste water treatment (Persenal

communication; D—Hemsley).

22154 Zinc alloy plating

Zinc alloy coatings provide extended corrosion resistance and the main use is for automotive
applications (see Sections 1.1 and 2.9).

The main zinc alloys deposited are:

e zinc-iron (<1 % Fe), from alkaline cyanide-free electrolytes;

e zinc-cobalt (<3 % Co), from acid or alkaline cyanide-free electrolytes;

e zinc-nickel (<15 % Ni), from acid (ammonium chloride-based) or alkaline cyanide-free
electrolytes. Alloys containing 10 %- 14 % nickel have been developed recently and are
becoming increasingly important since they can provide almost 10 times the level of
corrosion protection than can be achieved with pure zinc. They can be deposited either
from acidic chloride-based solutions or from alkaline solutions where the relatively low
concentration of nickel in solution (1-2 g/l) is stabilised by the addition of small
amounts of amines. The alkaline solutions are becoming the preferred formulations
since they give a more consistent alloy composition on complex work geometry [115,
CETS, 2003].

Environmental considerations
Plating tanks may be equipped with fume extraction hoods to capture aerosols or ammonium
chloride fumes.

The extracted air may be passed through mist elimination.
Alkaline cyanide-free effluents are treated in typical waste water plants.

Treatment of effluents from ammonium chloride-based electrolytes is difficult and has to be
effected separately. Recovery of drag-out can be close to 100 % (closed loop operation) and this
facilitates effluent treatment.

For zinc-nickel, the dilution factor that occurs in rinse-waters generally overcomes the
complexing effect of the amines so that special treatment is not required to remove the nickel
from the effluent. If it is necessary to dispose of quantities of undiluted process solution,
however, chlorination treatment will be necessary be to destroy nickel amine complexes before
the nickel can be precipitated from the effluent stream [73, BSTSA, |.

2.21.55 Sealing following passivation
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[Note to the TWG: Please complement the description below]

Sealing is a process used to enhance the corrosion protection of zinc-plated and zinc-alloy-
plated components. After passivation, a sealant is applied to the surface of the component to fill
in any pores or gaps in the passivation layer, providing an additional layer of protection against
corrosion.

The zinc-plated or zinc-alloy-plated component is passivated using a chromate-based or non-
chromate-based solution.

There are several types of sealants used in zinc plating and zinc alloy plating, including the
following:

e Wax-based sealants: These sealants are based on natural or synthetic waxes, such as
beeswax or paraffin wax.

e Oil-based sealants: These sealants are based on mineral oils or synthetic oils, such as
silicone oil.

e Water-based sealants: These sealants are based on water and a variety of additives, such
as polymers or surfactants.

e Solvent-based sealants: These sealants are based on organic solvents, such as toluene or
xylene.

[170, CETS, 2022]

2.2.1.6 Cadmium plating

[114, Belgium, 2003, 115, CETS, 2003, 121, France, 2003] Cadmium is mainly used to protect
parts made of steel, and aluminium or titanium alloys. It has particular properties: a low risk of
hydrogen embrittlement, a low friction coefficient and constant torque for fasteners, and has
better throwing power and penetration as well as better corrosion resistance than zinc. Its
toxicity has resulted in it being restricted to specific wital-technical uses where it is difficult to
replace in aviation and aerospace, military equipment, mining and nuclear industries and some
safety critical electrical contacts (see Section 1.4.4.1, Anrex-8-35 [105, EC, 1967])

Cadmium plating can be performed in acidic as well as alkaline cyanide baths. The pretreatment
is the same as for zinc plating. After plating the coating is often given a passivation treatment in
chromic acid. High strength steel parts are heat treated to minimise the hydrogen uptake and
then activated in diluted nitrous acid before chromating. Cadmium covering layers can be
chromate plated.

Electrolytes may be based on cyanide, fluoroborate, sulphate or chloride:

e clectrolyte based on cyanide:
NaOH: 20 g/I; NaCN: 120 g/l; cadmium: 20-30 g/I; temperature: 20- 35 °C

e clectrolyte based on fluoroborate:
Cadmium fluoroborate: 250 g/l; ammonium fluoroborate: 60 g/l; boric acid: 25 g/l;
temperature: 20- 35 °C

e clectrolyte based on sulphate:
Cadmium sulphate: 52- 85 g/l; sulphuric acid: 50- 120 g; temperature: 18- 30 °C

e clectrolyte based on chloride:
Cadmium chloride: 114 g/I; ammonium chloride: 112 g/l; complexing agent (EDTA,
NTA): 180 g/l

Environmental considerations
The toxic effects of cadmium are well-known. [114, Belgium, 2003 ];-see-Annex-8-+.
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He; 3} Effluent may be treated by chemical-
physical treatment. The precipitation of cadmium can be to improve by adding Fe*" during the
coagulation step, when there is a co-precipitation of cadmium and iron. It can be very difficult
to obtain very low emission values for cadmium by precipitation. Additional treatment may be
required, such as separate treatment at the point source prior to mixing with other effluents: e.g.
electrolysis, mobile ion exchangers, evaporation [ 114, Belgium, 2003, 121, France, 2003].

2.21.7 Tin and alloy plating

Tin plated metal is widely used in many applications because of its unique properties. Plated tin
coatings are non-toxic, ductile, resistant to corrosion, easy to coat, and have high throwing and
good distribution properties. This makes it possible to plate items with complex shapes to a
uniform thickness compared with hot tin dipping methods. Tin finishes are also subsequently
easier to solder components onto[73, BSTSA, ].

The main applications of tin are the coating of steel coil for packaging of food, beverages and
aerosols, etc (see Sections 1.3.2 and 2.9.9). It is also widely used in printed circuit boards (see
Section 2.11), electronic components [73, BSTSA, ], appliance chassis, as well as for kitchen
utensils.

Several different electrolytes are available, such as acid stannous sulphate, acid tin fluoroborate,
alkaline sodium or potassium stannate and more recently the stannous systems based on organic
acids, such as methane sulphonic acid, (MSA) and accounts for 13 % of European tin plate
production [73, BSTSA, ]. The simpler sulphate baths containing stannous sulphate, sulphuric
acid and addition agents (antioxidants for stannous tin, plus grain refiner) are the most popular
in rack and barrel applications because of their high current efficiency [73, BSTSA, ].

Tin lead plating is the most commonly tin plated alloy. It is used as solder coat in different alloy
ratios (60/40, 90/10, 95/5) traditionally using stannous, and lead fluoroborates with fluoroboric
acid and additives[73, BSTSA, ].

Non-fluoroboric tin lead electrolytes are now available based on the organic methane sulphonate
acid They have improved stability, low sludge formation, higher plating rates, [73, BSTSA, ]
better deposit properties and structure of the deposit. They are widely-used in reel- to-reel
machines, as well as in barrel processing.

Tin-nickel has high throwing power, good distribution of metal, ductile, non-toxic, and is
readily soldered to.

Environmental considerations
Process tanks may be equipped with fume extraction to remove aerosols generated during the
electrolysis.

Effluents may be treated in typical waste water plant.

The MSA-based process is fully biodegradable, contains no chelates, complexing agents or
phenols, has low COD and simple waste treatment (neutralisation and filtration) [73, BSTSA, ].

Fluoroborate bath effluents should be pretreated separately to a typical waste water treatment
plant.

The organic load from MSA-based processes is usually biodegradable [73, BSTSA, ].
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2.21.8 Precious metal plating

Silver and gold have been deposited electrolytically since the first half of the nineteenth century.
More recently, processes for the so-called platinum metals (palladium, rhodium, ruthenium and
platinum) have also been developed. Thin layers of less than 1um are used to make a wide range
of items appear valuable without commensurate cost. They also provide stain and corrosion
resistance. Other specific technical properties such as conductivity, hardness and wear
resistance have led to their wide-spread application in the electric and electronic industries. [3,
CETS, 2002, 75, BSTSA, ]

2.2.1.8.1 Silver

The silver plating of cutlery and hollowware is one of the oldest decorative applications of
electroplating (see Chapter 1). Bright silver deposits are widely used for jewellery as well as on
ornaments, trophies, giftware, etc. Due to its high conductivity and mechanical and chemical
properties, silver layers are found on many components of electrical and electronic devices.
Also, silver-palladium layers as a substitute for gold on electrical connectors have recently
gained importance. [73, BSTSA, ]

The majority of silver electrolytes are based on potassium-silver cyanide (potassium dicyano-
argentate). A silver content of 30 — 65 g/l with free potassium cyanide of 100 — 160 g/l and
potassium carbonate (15—20 g/l) is necessary for good plating performance. However, a
potassium carbonate concentration of over 200 g/l makes it necessary to discard the electrolytes.

Attempts to replace cyanide, for example by thiosulphate and alternative complexing agents,
have had limited success due to lower stability of the bath, high cost and cosmetic differences of
the deposit.

Environmental considerations

The cost of silver makes recovery economic. Residues of silver may be recovered from rinse-
water through electrolysis or ion exchange. Recovery of silver from spent electrolytes may be
achieved through precipitation with zinc powder.

Plating tanks may be equipped with fume extraction hoods to remove cyanide fumes.

Cyanide can be readily oxidised in typical effluent treatment in waste water treatment plants.

2.2.1.8.2 Gold

Gold can be plated using rack, barrel or high speed equipment either as a very pure metal or as
an alloy. It finds use in a wide range of industries such as connectors, printed circuit boards,
integrated circuits, semiconductor manufacture, bathroom fittings, giftware, tableware, buttons,
watches, pens, jewellery, and spectacle frames. [73, BSTSA, |

The majority of gold plating solutions in commercial plating facilities, whether the deposit has a
decorative or a functional requirement are based on mildly acid solutions of gold potassium
cyanide as potassium cyanoaurate, KAu(CN),. These solutions typically contain 2- 6 g/I of gold
together with buffering agents to maintain the pH. These solutions often contain alloying metals
such as cobalt, nickel, iron or indium. These harden, increase the wear resistance, and brighten
the deposit. They also give distinctive colours.

A gold strike solution is often used to deposit the initial layer of gold to promote adhesion.
Strike solutions usually based on gold potassium cyanide at 1- 2 g/l but may use gold (III)
potassium cyanide (KAu(CN)4) at a pH of around 1. These are often used on difficult to plate
base materials such as stainless steel.
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Alkaline solutions containing free cyanide are occasionally used for jewellery plating and for
electroforming.

There are non-cyanide gold electrolytes, which are based on one of the gold sulphite complexes,
which generally operate in mildly alkaline conditions, these typically contain 8- 15g/1 of gold
together with organic or inorganic brightener systems.

Environmental considerations
Drag-out recovery and gold recovery with electrochemical reactions on ion exchangers from the
rinse-water is economically viable.

Chelating agents resistant to degradation have been largely substituted by biodegradable ones.

Effluent treatment is similar to other electroplating rinse streams in typical waste water
treatment plants.

Air emissions from potassium gold cyanide plating operations can give rise to emissions of
hydrogen cyanide. The levels of emissions can be significant depending on the size of operation
when considered in conjunction with emission limits contained in the revised TA Luft
guidelines for air emissions regulation (inorganic gaseous substances Class II). [125, Ireland,
2003]

2.2.1.8.3 Palladium and alloys

Layers of palladium-nickel alloy (75 — 80 % Pd/25 —20 % Ni) are hard, extremely ductile [73,
BSTSA, ] and have a white colour with good corrosion resistance. They are suitable for coating
spectacle frames and writing implements.

Pure palladium deposits are also used to substitute for nickel as a diffusion barrier below a final
gold flash on spectacle frames, jewellery and buttons. Sandwich layers of nickel, palladium or
palladium/nickel alloy and gold flash have proven applicability on printed circuit boards and
connectors as substitutes for hard gold layers.

The most common formulation is based on the complex tetraamine palladium (II) dichloride (4-
20g Pd/l), [73, BSTSA, ] containing ammonia. Alloying metals are nickel, cobalt and silver.

Environmental considerations
Besides drag-out recovery, electrolytic and ion exchange recovery of palladium are normally
practical.

Tanks for ammonia-containing electrolytes may be equipped with fume extraction hoods to
capture ammonia escaping from the plating electrolyte.

Effluents may be treated in typical waste water treatment plants.

22184 Rhodium

Very thin rhodium deposits on silver have a silvery-white colour and are used to prevent
staining. Their hardness and wear resistance properties are suitable for technical applications
such as on reed contacts and on heavy duty connectors. Rhodium is also applied on reflectors
for optical equipment and in aerospace applications.
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Electrolytes are based on rhodium (III) sulphate or rhodium (III) phosphate, with a rhodium
content of 2.5 —20 g/l depending on their application for decorative (thickness of layer 0.05-
0.5 pm) or for technical purposes (thickness of layers 0.5->8 pm), where selenium and
sulphites are added to prevent cracking.

Environmental considerations
Besides drag-out recovery, electrolytic and ion exchange recovery of rhodium are normal
practice.

Tanks for sulphuric acid-containing electrolytes may be equipped with fume extraction hoods to
remove acid fumes.

Effluents may be treated in typical waste water treatment plants.

2.2.1.8.5 Platinum

Thin platinum layers are applied for decorative purposes, with thicker layers on electrical
devices and on equipment for the chemical industry. Non-soluble platinised titanium anodes and
anode baskets are in common use in electroplating.

Acid electrolytes are based on chloride, sulphate, nitrate and nitrite complexes of platinum,
alkaline electrolytes on phosphate, ammonia and sodium hydroxide complexes, with metal
contents of 6 — 40 g/l.

Environmental considerations
Besides drag-out recovery, electrolytic and ion exchange recovery of platinum are normal
practice.

Effluents may be treated in typical waste water treatment plants.

2.2.2 Other plating types
2221 Autocatalytic plating (catalytic chemically reduced coatings)

This is also known as electroless plating according to BS EN ISO 4527: 2003, [73, BSTSA, |
but the term should be avoided, according to [101, CEN, 2000]. The fundamental reaction
requires the presence of a catalytic metal — the metal being deposited- that allows the reaction to
proceed. The advantages of the system are:

e provided there is sufficient agitation to maintain fresh undepleted solution in contact
with all surfaces at all times, the deposit is uniform over the entire surface even if the
shape is highly complex;

deposits are usually less porous than the same metal deposited electrolytically;

racking or fixing is greatly simplified,

non-conductors (such as plastic) are coated;

deposits often have special chemical or physical properties since the deposit is an alloy
of the metal and a compound formed from the reducing agent. For example, with
hypophosphite [73, BSTSA, ] the deposit is an alloy of the metal and the metal
phosphide, and with boron reducing agents the metal and the metal boride.

Overall environmental considerations:
Autocatalytic coatings commonly generate more waste than other plating techniques, but
efficiency can vary significantly between facilities [69, NCDPPEA, 2003].
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Improvement in process efficiency and a reduction in waste can be achieved by the use of
electrodialysis to continuously remove the by-products from the plating solutions during
operation [73, BSTSA, ].

22211 Autocatalytic nickel on metals

Autocatalytic nickel electrolytes are based on nickel sulphate and nickel chloride (nickel 2-
10 g/1). Sodium hypophosphite (10 — 50 g/1) is the most often used reducing agent [73, BSTSA,
]. Solutions also contain chelating agents (organic carboxylic acids 10- 50 g/l) and buffers as
sodium hydroxide and sodium carbonate. Cadmium may be present in some formulations as a
brightener, 1- 5 mg/l giving approximately 0.03 % in the deposit. [73, BSTSA, | Lead may be
used in some formulations as an alternative up to 3mg/l. Modern formulations are available
which avoid the use of both cadmium and lead, in line with the requirements of the End-of-Life
Vehicles Directive [99, EC, 2000].

Autocatalytically deposited nickel-alloy layers contain 2 — 15 % phosphorus.
Their key properties are:

e uniform thickness of deposit irrespective of the size and shape of items to be plated,
provided that the plating solution can freely circulate around all surfaces of the
components to be treated;

deposit thickness can be controlled accurately;

surface hardness as high as electroplated finishes and within the range 350- 750 Knoop;
high resistance against wear and abrasion;

inherent high resistance to corrosion resistance;

good adhesion on base material;

special properties such as natural lubricity, easily soldered to, magnetic properties.

Applications include (among many others):

data storage devices as rigid memory discs;
components for chemical and oil and gas industry;
automotive, machine tool and electronics industries;
plastics molding tools.

Environmental considerations
See overall environmental considerations for Section 2.5.8.

Fume extraction may be required at process tanks including mist elimination to remove nickel
containing aerosols.

The solution working life is short (6- 8 MTOs, metal turnovers) due to the formation of reaction
by-products. Process performance deteriorates requiring frequent discarding of used solutions.
The working bath then requires disposal as a hazardous waste.

Effluents may have to be pretreated before discharge to the waste water treatment plant.
Ammonia, which can complex other metals, and can be oxidised. Hypophosphite ions and
phosphite ions can be oxidised to phosphates. The phosphate ion can be precipitate by adding
calcium ions during the neutralisation. Metals can be separated from effluents by precipitation,
plate-out or ion-exchange.

The strong chelating agent may require separate waste water treatment.

There may be trace amounts of cadmium and lead in the effluent. [ 124, Germany, 2003 ]
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2221.2 Autocatalytic nickel coating for plastics

Similarly to autocatalytic copper, electroless nickel solutions are used for generating a first
conductive metal layer on plastic surfaces prior to further electrolytic metal (copper, nickel)
deposition. [73, BSTSA, |

Plastics require etching (see Section 2.3.10.2) before deposition. Process solutions contain
nickel sulphate or nickel chloride (nickel 2- 5 g/1), reducing agents e.g. sodium hypophosphite
(5-20g/), dimethylaminoborane (>10 g/I) and optionally, chelating compounds such as
organic acids. Both weakly acidic (sulphuric acid at pH 3- 6) and alkaline solutions (sodium
hydroxide or ammonia hydroxide at pH 8- 10) are in use.

An example of a process line plating on plastics (PCBs) using autocatalytic nickel [73, BSTSA,
] is shown in Figure 2.7

Environmental considerations
See overall environmental considerations

Fume extraction may be used for alkaline or high temperature processes. Typical effluent
treatment will remove metals except where effluents contain strong chelating agents, which may
have to be treated separately.

22213 Autocatalytic copper on metals and plastics

Autocatalytic copper plating is still a key process for the metallisation of plastics [73, BSTSA, ].
The main properties of the copper layers are uniform thickness, and fine crystalline, ductile
layers with low internal stress. Copper layers are applied on small items such as buttons, fashion
jewellery as well as on plastic housings and for electric shielding.

Plastics require etching (pretreatment, see Section 2.3) before deposition. Copper deposition
starts on metal nuclei such as palladium and continues autocatalytically, thus providing an
initial conductive layer. The deposition rate is 5- 8 um/h. The solution has a copper content of
2 -5 g/l, with sodium hydroxide (15— 20 g/1), chelating agents such as EDTA or similar (10-
15 g/1) or tartrates (5 — 10 g/1) and reducing agents, e.g. formaldehyde (3 — 5 g/).

The process solution lifetime is limited by the build-up of reaction products.

Environmental considerations
See overall environmental considerations.

Fume extraction for the process tanks may be necessary to remove gases (formaldehyde and
others).

Effluent containing EDTA requires separate treatment as EDTA will prevent the precipitation of
metals in the treatment process. There was an industry trend to replace EDTA as a chelating
agent, although high specification work may require its use and the trend is currently being
reversed [22, Fraunhofer, 2002]. Some parts of industry report the trend is being maintained
[73, BSTSA, |.

2.2.2.2 Self-Assembled Monolayers (SAMs)
[Note to the TWG: Please complement the description below]
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Self-Assembled Monolayers (SAMs) are used to create a thin, ordered layer of molecules on a
specific surface. This process involves the spontancous organisation of molecules into a
monolayer, which provides a stable and uniform coating.

During pretreatment, the surface is cleaned and prepared to ensure a strong bond between the
self-assembled monolayers and the substrate. Then, the molecules are deposited using various
methods, such as dipping, spraying or vacuum deposition.

The molecules spontaneously assemble into a monolayer on the surface, driven by
intermolecular forces such as van der Waals and hydrogen bonding. This is followed by an
annealing step to optimise the ordering and stability of the monolayer.

There are several types of SAMs used in surface treatment, including the following:

e Alkanecthiol SAMs: These SAMs are formed from alkancthiol molecules, which are
commonly used for gold and silver surfaces.

e Silane SAMs: These SAMs are formed from silane molecules, which are commonly
used for silicon and glass surfaces.

e Phosphonic acid SAMs: These SAMs are formed from phosphonic acid molecules,
which are commonly used for metal oxides and ceramic surfaces.

e Polymer SAMs: These SAMs are formed from polymer molecules, which are
commonly used for a wide range of surfaces.

This process provides a uniform and ordered coating, which is ideal for applications requiring
precise control over surface properties. These coatings  are highly stable and resistant to
degradation, making them suitable for applications in harsh environments. They can provide a
low surface energy, which is beneficial for applications requiring low adhesion or wettability.
They can also be designed to be biocompatible, making them suitable for biomedical
applications, such as implants and biosensors.

Compared to other surface treatment processes, such as chemical vapour deposition (CVD) and
physical vapour deposition (PVD), Self-Assembled Monolayers provide more uniform, ordered,
stable and durable coatings. [170, CETS, 2022]

2.2.2.3 Sol-gel coating
[Note to the TWG: Please complement the description below]

Sol-gel coating is based on the hydrolysis and condensation of metal alkoxides or other
precursors to form a sol, which is then deposited onto the surface and gelled to form a film. The
metal alkoxide or other precursor is mixed with a solvent and water to form a sol, which is
deposited onto the surface to form a film. Then the film is dried to remove any excess solvent,
and cured at elevated temperatures to densify and stabilise the coating.

There are several types of sol-gel coatings used in surface treatment, including the following:

e Silica sol-gel coatings: These coatings are formed from silica precursors and are
commonly used for applications requiring high scratch resistance and durability.

e Titania sol-gel coatings: These coatings are formed from titania precursors and are
commonly used for applications requiring high UV resistance and photocatalytic
activity.

e Alumina sol-gel coatings: These coatings are formed from alumina precursors and are
commonly used for applications requiring high wear resistance and thermal stability.

e Hybrid sol-gel coatings: These coatings are formed from a combination of different
precursors and are commonly used for applications requiring unique properties, such as
self-cleaning and antimicrobial activity.
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[170, CETS, 2022]

2224 Deep spin coating
[Note to the TWG: Please complement the description below]

Deep spin coating is based on spinning at high speed a liquid solution onto a surface and then
removing the excess liquid to create a thin, even layer. The thickness of the coating can be
precisely controlled; however, deep spin coatings can be difficult to apply to surfaces with
complex geometries.

These coatings are based on organic materials, such as polymers or waxes, or inorganic
materials, such as metals or ceramics.
[170, CETS, 2022]

2225 Immersion or displacement coatings — non-catalytic chemically
reduced coatings

Non-catalytic chemically reduced coatings have been in use for many years, and are often
known as immersion or displacement coatings. [38, Ullmann, 2002/3] They are formed when
the metal to be deposited is precipitated on its reduction in solution either (i) chemically from
solution, or (ii) the metallic substrate is more active than the ions in the solution in terms of the
electromotive or electrochemical series, e.g.

Cu*" + Fe? — Cu®+ Fe?*

Although these deposits are often non-adherent and of poor physical quality, careful attention to
solution composition and operating conditions can produce deposits that are acceptable for
certain purposes. The zincate and stannate solutions used for plating aluminium are examples of
special finishes producing acceptable deposits.

Mirrors

Their best known use is in producing mirrored surfaces from silver, although other techniques
can now be used (such as vapour phase deposition). Their two main drawbacks are that only
relatively thin coatings can be deposited and that all surfaces, including the container, receive a
coating. While these solutions are sometimes used by immersion, they are now more often
applied by spraying the solutions from a dual spray gun.. [38, Ullmann, 2002/3] [116, Czech
Republic, 2003] The first step in silver coating of mirrors is the activation of the glass surface
by stannous chloride (SnCl,). This is followed by the application of a solution of silver nitrate
(AgNO:3) and a reducing agent (usually glucose) by spraying. The precipitated silver (about 12 —
17 pm thick is rinsed by deionised water. The Ag coating is fixed by cementing copper with
iron or zinc, forming a layer several um thick: the copper is precipitated from solution by
contact with the more electropositive silver deposit. This technique was discovered in 1835 and
is still the best one. Some years ago a Belgian patent was given for a technique which used tin
for fixation of Ag coating solution of Sn. This process is used by the largest producer of mirrors
in the Czech Republic. Passivation using mercaptosilanes is also used.

The metallic layers are protected by a 50- 70 um of solvent-based lacquers. Replacement by
water-based lacquers has so far been unsuccessful.

Figure 2.8 shows an example of a mirror processing plant.
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Unloading section

Cooling section
Final cleaning section

(SVUOM, Czech Republic)

Figure 2-8: Example of mirror processing line

Environmental considerations
For mirrors: copper from the cementation process can form a complex in the waste water s, and
is difficult to precipitate in a typical waste water treatment plant. [116, Czech-Republic, 2003]

2.2.2.6 Immersion painting
[Note to the TWG: Please complement the description below]

Immersion painting, also known as dip painting or immersion coating, is used to apply a layer
of paint or coating to metal and plastic components. This process involves submerging the
components in a paint bath, where the coating is deposited onto the surface through a
combination of capillary action, gravity and wetting. The immersion painting process typically
involves the following steps:

e Pre-treatment: The components are cleaned and degreased to ensure a strong bond
between the coating and the substrate.

e Immersion: The components are submerged into the paint bath, which is typically a tank
filled with a liquid coating material, such as paint, varnish, or a specialised immersion
coating.

e Dipping: The components are slowly dipped into the paint bath, allowing the coating to
flow onto the surface through capillary action.

e (Coating deposition: The coating is deposited onto the surface of the components,
forming a uniform layer.

e Draining: The components are removed from the paint bath, allowing excess coating to
drip back into the tank.
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e Curing: The coated components are then cured in an oven or using other specialised
equipment, such as ultraviolet (UV) light or infrared (IR) radiation, to harden the
coating.

There are several types of immersion paints used, including the following:

e Solvent-based paints: These paints use a solvent as the carrier for the coating material.

e Water-based paints: These paints use water as the carrier for the coating material.

e Powder coatings: These coatings use a powder as the coating material, which is applied
electrostatically and then melted and formed into a uniform layer.

e Specialised immersion coatings: These coatings include materials such as silicone,
polyurethane, and epoxy, which are used for specific applications, such as corrosion
protection or thermal insulation.

Immersion painting offers several advantages, such as a uniform coating thickness and
coverage, even on complex shapes, a fast and efficient process, making it suitable for high-
volume production, and the possibility of automatisation.

Environmental considerations
Immersion painting can reduce waste and emissions, as excess coating material can be

reclaimed and reused.
[170, CETS, 2022]

2.2.2.7 Electropainting or electrocoating
Also known as: electrophoretic painting, E-coat, Elpo, electrodeposition.
Electropainting is covered in detail in [90, COM 2020 ].

The activity is increasingly found alongside surface treatment activities covered in this
document, both for subsequent painting and/or in conjunction with other coatings described
here. It is used to apply a protective coating after decorative finishes (for example, applying a
lacquer coat to brass plating) and as an alternative or supplement to corrosion-prevention layers,
such as replacing hexavalent chromium conversion coatings on its own or used in conjunction
with trivalent chromium systems, discussed in Sections 2.5.17 and 4.9.10.2. They may also
reduce friction, and enable parts to be evenly or readily distributed without surface damage
[124, Germany, 2003].

Common issues discussed in this document are:

rinsing and drag-out control techniques (Sections 2.4, 4.6 and 4.7);

solution maintenance (Section 4.11);

water usage (Sections 2.12.2 and 4.4.5);

electricity supply to the process and the workpieces (Sections 2.12.1.1 and 4.2.3);
waste water treatment (Sections 2.13.1 and 4.16).

2228 Lacquering

Lacquers are applied to protect and enhance decorative coatings (such as copper plating of
hollowware) or to supplement corrosion protection systems such as chromating (see Section
2.5.17). They also reduce friction, and enable parts to be evenly or readily distributed without
surface damage [124, Germany, 2003]. They can be applied by dipping in a proprietary water-
based solution or by electropainting (see Section 2.5.10) [76, BSTSA, ].
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Topcoatings are applied immediately after chromate or trivalent chromium conversion coatings,
by dipping in an appropriate proprietary medium or by electropainting (electrophoretic
painting), see Section 2.5.10.

It should be underlined that ‘lacquering’ is not a synomym for powder coating. Lacquering is a
wet painting process [175, ESTAL 2024].

Environmental considerations
Effluents have no impact on typical waste water treatment plants. Rinsing waters may need to
be treated separately to reduce BOD or TOC levels in the discharged effluent.

2229 Oiling
[Note to the TWG: This section corresponds to the Section 2.9.5 of the original STM BREF]

A wet film of oil is applied to the surface by spray, by wringer rolls or by an electrostatic oiler.
This provides a coating for improving protection against white rust (e.g. oxide layers on zinc
plating) corrosion. It can also act as a lubricant film to minimise subsequent damage by
abrasion, to facilitate sorting and to aid in subsequent lacquering and printing operations.

22210 Waxing
[Note to the TWG: Please complement the description below]

A layer of wax is applied to provide a barrier against corrosion, wear and tear.

The wax may be applied to the surface of the component using a brush. The wax is melted and
forms a uniform layer on the surface before being cooled and hardened, forming a solid surface
layer.

The waxed component may be cured in an oven or using other specialised equipment, such as
ultraviolet (UV) light or infrared (IR) radiation, to harden the wax and improve its adhesion to
the substrate.

[170, CETS, 2022]

2.2.211 Phosphating layer conversion coatings
[Note to the TWG: This section corresponds to the Section 2.5.16 of the original STM BREF]

[38, Ullmann, 2002/3, 71, BSTSA, JPhosphate coatings are the most widely used conversion
coatings and probably the most widely used surface treatment. They are used to treat steel,
aluminium and zinc for the following:

e Cold forming: this involves very high surface stresses and phosphating is used in all
types of cold forming operations, i.e. drawing of wire, tube, or profile; deep drawing;
cold heading, cold extrusion, cold forging. These applications are described in the
reference [86, COM, 2022].

e Coil coating: steel strip electroplated with zinc is phosphated in the process line to
improve formability in subsequent drawing operations, such as steel can forming, as
well as for corrosion resistance and subsequent paintability, see Sections 2.9.6 and
2.9.8.9. Hot dip galvanised steel strip is discussed in [86, COM, 2022].

e Rustproofing: heavy zinc and manganese phosphate coatings retain a protective oil film
and provide substantial corrosion prevention, e.g. for nuts, screws, bolts, and tubes.
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e Bearing surface lubrication: manganese phosphate improves the retention of lubricant
and shortens running-in periods. It is used for pinions, camshafts, pistons, gears, and
valves.

e Paint base: phosphating enhances the adhesion and corrosion protection of paints, see
[90, COM 2020 ].

e Electrical insulation: phosphate layers can be used to coat the silicon steel sheets
forming the cores of electric motors, generators or transformers. A phosphate coating of
1- 6 um thickness is sufficient insulation to prevent eddy currents.

There is a wide variety of phosphating processes, but the most important are alkali (iron) and
zinc phosphating. The surface weight of layers is 0.05 — 5 g/m’.

Methods of application

The phosphating solutions are generally applied by spraying or by immersion depending on the
number, size, and shape of the parts to be treated. The type of application may lead to
differences in the composition and morphology of phosphate coatings. Coiled strip is also
coated by the roll-on, dry-in-place process, in which phosphating solution is applied to the strip
and, without rinsing, is dried to form the phosphate coating, see Section 2.9.6.

Phosphating requires workpieces or substrates to be degreased and pickled see Section 2.3.
[116, Czech-Republic, 2003] Activation prior to phosphating may be with hot water or with
special proprietary titanium or manganese phosphate dispersions to induce the formation of a
fine-grain phosphate coating in the subsequent step. Final rinsing may be with deionised water
or passivating chemicals based such as Cr(VI) and Cr(III) compounds. Rinsing with water is
needed between the processing stages as described in Section 2.4.

Overall environmental considerations for all phosphating processes

Effluents may require pH control and may [124, Germany, 2003] contain nickel, manganese, as
well as zinc (according to solution make-up), which can be dealt with in a typical waste water
treatment plant. Anions that may be of concern include nitrite and fluoride, which may require
additional treatment.

Sludges formed in the process solutions require removing as wastes as part of the solution
maintenance.

Health and environmental concerns have instigated the development of:

e nitrite-free processes with hydroxylamine, nitroguanidine, or hydrogen peroxide as
accelerators

e nickel-free processes

e chromium-free after-rinses based on organotitanium, inorganic zirconium, or polymeric
compounds

e cffluent-free phosphating lines using ultrafiltration for cleaning, hydrogen peroxide
acceleration in phosphating, and precipitation plus ion exchange for chromium-free
after-rinses, without compromising the performance of the subsequently painted parts.

222111 Alkali phosphating

This is mainly used when corrosion protection does not have to satisfy stringent requirements.
For steel substrates, the solutions (pH 4- 6) consist of acid alkali phosphates, free phosphoric
acid, and small amounts of additives; oxidising agents (e.g. chlorates, chromates, or nitrites),
condensed phosphates (e.g. pyrophosphate or tripolyphosphate), and special activators (e.g.
fluorides or molybdates). The first reaction is the pickling reaction which produces Fe*" ions
from the substrate (steel). These ions react with phosphate ions from the solution to form
sparingly soluble iron phosphate that precipitates and adheres strongly to the metal surface. Iron
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phosphating processes may not require acceleration. The coating weight varies with the bath
composition. Coatings formed on ferrous surfaces contain iron oxides and phosphates. Iron
phosphating solutions normally contain surfactants for cleaning and oily surfaces may thus be
treated in one step (so-called ‘cleaner-coater’).

On zinc surfaces, zinc phosphate layers are formed in an analogous reaction sequence.
Aluminium is usually treated with solutions containing fluoride; thin, complex coatings are
formed that contain aluminium, phosphate, and fluoride. The baths are adjusted to a
concentration of 2 — 15 g/l. Treatment may be by spraying, flooding, or dipping. The bath
temperature is normally 40- 70 °C, but can be lowered to 25-35°C with special bath
compositions. Treatment times are 5- 10 seconds (spraying of strip material) and 1- 3 minutes
(spraying or dipping of individual parts). Iron phosphating includes both thin-coating (0.2-
0.4 g/m?) and thick-coating methods (0.6- 1.0 g/m?). The colour of the layers is blue-green, but
may be reddish iridescent. The surfaces become more matt and grey with increasing coating
weight.

2.2.211.2 Zinc phosphating

Zinc phosphating is primarily used for the surface treatment of steel and zinc (or zinc coatings
on steel) as well as composites of these metals with aluminium. Application may be by spraying
or immersion. Essential constituents are zinc, phosphate ions, and an oxidizing agent, often
sodium nitrite. The pH value is between 2 and 3.5. Concentrations vary considerably; additives
such as nitrate, fluoride, silicofluoride, nickel ions, or manganese ions are common.

The following is an example of a process suitable for the phosphating of steel sheets as a
pretreatment prior to painting:

Zn*" 1.2 g/, Ni** 1.0 g/l, HsPOs + HoPO4~ 15 g/1, and NO,™ 0.1 g/l

A pH of 3.2 is achieved with sodium hydroxide. The process is usually carried out at up to
95 °C. For cold forming applications total concentrations may well be ten times higher.

Typically, the phosphating reaction may be broken down into five steps:

Pickling reaction
Part of the metal surface is dissolved by the acid:

Fe +2H'— Fe?" + H, for Fe or Zn+2H" — Zn*" + H, for Zn

The phosphating of aluminium requires fluoride ions to attack surface oxides which only slowly
dissolve in phosphoric or nitric acid:

AIOOH + 3HF — A"+ 3F + 2H,0; Al +3H"— AlI*'+ 3/2H,

Acceleration

The pickling reaction is accelerated by oxidising agents called accelerators, which also prevent
the evolution of excessive amounts of molecular hydrogen thus minimising hydrogen
embrittlement: [159, TWG, 2004]

H,+20x — 2HOy; Fe*'+ H" + Oy — Fe*' + HO, for Fe
Complexation

When coating aluminium, sufficient fluoride ions must be available for complexation of surplus
AI*" ions as, in concentrations as low as 3 mg/l, they prevent the formation of zinc phosphate
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coatings. If different metals including aluminium are to be treated, the use of fluoride-free
phosphating solutions may allow phosphating of steel or zinc without coating the aluminium:

AP +6F-- — AlF¢> for Al

Coating formation

Metal dissolution in the pickling reaction results in a significant increase of the pH value close
to the metal surface. Consequently, the equilibrium constant for the precipitation reaction is
exceeded and zinc phosphate is precipitated as the metal surface offers favourable nucleation
sites. Once the whole metal surface is covered, the reaction ceases:

37Zn%"+ 2H POy + 4H,0 — Zns(POy), - 14H,0+ 4H'
27Zn%+ Fe?'+ 2H,POy +4H,0 — Zn,Fe(POy), 4H,0+ 4H

Sludge formation

Dissolved iron and AlF¢* ions from the pickling reaction do not accumulate in the phosphating
solution but are precipitated as iron(Ill) phosphate or trisodium hexafluoroaluminate,
respectively. When treating galvanised surfaces and in spraying processes, relatively small
amounts of tertiary zinc phosphate sludge are formed as well. Nitrate-accelerated processes
often do not involve sludge formation. Iron(Il) nitrate accumulates until equilibrium is reached
between iron dissolution and drag-out.

Fe**+H,PO s — FePO4+2H" for Fe; or AlFs" +3Na’ — Na3AlFs for Al
The sludges formed must be removed either periodically or continuously.

Pre-paint processes

Zinc phosphating processes carried out prior to painting can be classified as high zinc or low
zinc processes. High zinc processes operate at 3- 4 g/l Zn*" and low zinc processes at 0.7- 1.5 g/l
Zn*, the upper limit for dip applications. Low zinc concentration, i.e. high phosphate to zinc
ratio, improves corrosion protection. Coatings on steel produced by low zinc processes consist
mainly of phosphosphyllite and show superior paint-base performance to the high zinc
processes with their hopeite coatings, such as stone chipping resistance and wet adhesion on
galvanised substrates. Performance has further increased with the introduction of trication
processes, which contain zinc, nickel, and manganese both in solution and in the coating. These
processes have become commonplace in, for example, the automotive industries. [38, Ullmann,
2002/3]

For powder coatings, iron phosphate often gives optimum results [90, COM 2020 ].

Low temperature processes for cold forming

These are accelerated by nitrate, and the iron(IIl) concentration in the bath is limited to 5- 8 g/l
by oxidation with air, preferably continuously in a separate reaction tank. The operating
temperature has thus been lowered by about 30 °C to 50- 60 °C, and the phosphating tank
remains virtually free of sludge.

222113 Manganese phosphating

This is performed by dipping only, and iron(II) nitrate is often used for acceleration.

2.2.212 Metal colouring
[Note to the TWG: This section corresponds to the Section 2.5.18 of the original STM BREF]
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It is possible to obtain a wide range of shades and colours over different metals by heat
treatment, chemical dip or electrolytic treatment. These processes are used for brass, copper and
steel parts. The most commonly used system is chemical dipping. The results obtained will
depend more on the practice of the operation and process parameters than on the formula used.
Originally, sulphide and polysulphide solutions in alkaline media using sodium, ammonium or
barium salts from room to high temperatures were used. It is now more usual to use solutions
containing metallic ions (copper, selenium, molybdenum, etc.) in an acid medium and at room
temperature. [3, CETS, 2002]

Small articles may be coloured in bulk, then proud surface areas relieved by tumbling with an
abrasive media, see Section 2.3. All sulphide treated workpieces require wet or dry scratch-
brushing and must be protected by a topcoat of clear lacquer.

Environmental considerations
Depending on the precise formulations used, effluents may need to be pretreated separately
prior to typical waste water treatment.

[Note to the TWG: This section corresponds to the Section 2.5.19 of the original STM BREF. It

is proposed to merge with Section 2.2.2.16]

2.2.214 Chemical blacking — oxide coatings
[Note to the TWG: This section corresponds to the Section 2.5.20 of the original STM BREF]

Immersion-type chemical oxidation coatings are used mainly for appearance, as a paint base, or
for their oil-retention characteristics. [38, Ullmann, 2002/3]

Environmental considerations-for-all-chemieal blacking precesses

Fumes from processes containing alkali and chromium may require extraction and possibly
scrubbing. Scrubber effluents may require treatment in a waste water plant.

Rinsing waters may require treatment for pH. Other materials such as nitrogen-containing
compounds, other oxidising agents and sulphides may require additional treatments to those
found in a typical waste water treatment plant.

Steel

Steel may be blackened in a high temperature bath containing 480 — 840 g/l of a mixture of
about 75 wt-% sodium hydroxide and 25 wt-% sodium nitrate. The solution is operated at the
boil between 121 — 149 °C. Instead of 25 wt-% sodium nitrate, a mixture of 12 wt-% sodium
nitrate and 13 wt-% sodium nitrite may also be used.

Lower boiling points are obtained by including various additives containing sulphur.

The resulting oxide coating is somewhat less corrosion-resistant because of the inclusion of iron
sulphide in the film. Some of the sulphide-modified materials may also be used to blacken
stainless steel.

Following thorough rinsing, the oxide film is normally coated with an oil, wax, or lacquer.

Stainless steel

Stainless steel can also be blackened in molten sodium/potassium dichromate at about 370 °C
provided the parts are not adversely affected by the high temperature. The resulting oxide has
good corrosion resistance, and the procedure is covered by military specifications.
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The ‘Inox’ process, dipping in chromic acid and sulphate at 60 —90 °C can be used, and
chromium-nickel steel can be coloured black by dipping in NaOH/NaNO, at 125- 130 °C [113,
Austria, 2003].

Copper

Copper may be blackened in a bath containing 120 g/l of a mixture of 75 wt-% sodium
hydroxide and 25 wt % sodium chlorite at 93 — 100 °C. The black copper (II) oxide produced
has a fuzzy appearance. On bright finished parts, this fuzzy nap disappears when lacquer is
applied, restoring the lustrous appearance, or it may be laid down (not removed) by gentle
buffing or tumbling in sawdust or other soft abrasives (see Section 2.3).

Brass

Brass may be blackened in the same solution but may not respond, depending on the zinc
content and metallurgical history. Activation may be carried out by immersion in a bath
containing 120 g/l of a mixture of 85 wt-% sodium hydroxide and 15 wt-% sodium chlorite
operated at 93- 100 °C for 5- 10 min to dezincify the surface, after which the blackening bath
will usually function normally.

Aluminium

Aluminium may be given an oxide coating by immersion by a number of different processes
including the Adzae—and Juratka Jirotka processes. Electrolytic processes (anodising) are
generally preferred.

2.2.2.15 Brightening and bright dipping
[Note to the TWG: This section corresponds to the Section 2.5.21 of the original STM BREF]

In the brightening of steel, concentrated nitric acid is used to form a very clean surface. Note
that this process forms nitrous gases in the exhaust gas. [104, UBA, 2003]

Copper and brass are brightened by oxidising a surface layer.

Phosphoric acid pickles have specific uses such as chassis parts and bicycle frames. It is usually
used at a concentration of 10- 15 %, at temperatures of 40- 50 °C and sometimes as high as
80 °C.

Metal surfaces must be degreased thoroughly. Poor results, such as uneven attack or stained
surfaces after brightening, are frequently due to insufficient pre-degreasing.

Environmental considerations
Spent brightening solutions may require treatment for low pH and possibly metal content prior
to disposal as effluent. Alternatively, they may be disposed of as liquid wastes.

Acid fumes, particularly those containing NOx may require extraction, possibly with treatment.

2.2.2.16 Chemical milling
[Note to the TWG: This section corresponds to the Section 2.5.23 of the original STM BREF]

Chemical milling is a process used to remove metal on workpieces by dissolution in a caustic or
acid bath without an external source of energy (mechanical or electrical). Metal is removed off
the whole surface of the part dipped in the milling bath provided this surface is in contact with
the solution. Areas to remain are masked. The speed of the chemical dissolution is low,
processing 0.5 to 3 mm/h compared with mechanical processes. The thickness removed is
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almost constant all over the surface, but with a roughness created which varies with the process
used. [47, France, 2003]

The most important uses are on aluminium alloys for the aeronautical and aerospace industry. It
is generally used on sheets that have been previously curved to save weight in specific areas of

the part and-where-itis-necessary-to-save-weight. Chemical milling can also be used on titanium

alloys, stainless steel and some special alloys with a nickel, cobalt or magnesium base.

It is important to note that, although similar in principle (i.e. caustic soda with additives used for
aluminium), chemical milling is not used as an etching pretreatment before anodising of
aluminium. The process parameters are different.

Process chemistries used are:

o for aluminium: caustic soda with additives (sodium gluconate, sodium sulphide);
o for titanium: hydrofluoric acid (20 — 50 g/1) with nitric acid (50 — 70 g/1);
o for stainless steel: hydrochloric acid with nitric and phosphoric acid.

The main control parameters for aluminium and aluminium alloys are:

concentration of the bath: from 100 to 150 g/1 of free NaOH;

temperature: 80 °C for older processes, types up to 110 °C for high speed processes;
concentration of dissolved metals: 70 to 90 g/1 Al;

composition of the alloy chemically milled.

All these parameters affect the speed of processing, the thickness regularity and roughness of
the finish.

Generally, the entire surface is not milled. In order to prevent milling on some areas it is
necessary to mask those areas with protecting layers such as neoprene. The usual technique is to
mask the whole part and then remove the mask from the areas to be milled. The mask is cut by
scalpel or laser beam.

A typical process sequence is:

solvent degreasing;

alkaline etching;

rinsing;

pickling (e.g. sulphochromic pickling);
rinsing;

drying;

masking;

removal of mask on surface to be treated;
attack;

rinsing;

surface passivation: (e.g. sulphochromic or nitric acid);
rinsing;

removal of mask;

quality control.

Environmental issues

The main problem for this treatment is the large quantity of sludge due to the dissolved metals.
The concentration of the chemical milling bath is generally kept below 70 g/l of aluminium and
so used solutions are discarded beyond this concentration. Normal waste water treatment may
be used and the principle component of the sludge is NaAlO,.
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2.3 Anodising

The anodising of metals is an electrolytic surface oxidation process which enhances the natural
aptitude for the metal to oxidise; coatings can be 1000 times thicker than the natural layer
Aluminium is the most important material to be anodised, with alumina (Al,O3) formed at the
surface: magnesium, titanium, tantalum and niobium are also anodised in smaller quantities [3,
CETS, 2002, 45, France, 2003] [118, ESTAL, 2003].

Aluminium is normally (90 % of cases) anodised in sulphuric acid electrolyte. For special
applications, aluminium may be anodised in many different types of process solution:
phosphoric acid, sulphuric/oxalic acids, sulphuric/salicylic acids and chromic acid electrolytes.
[73, BSTSA, ].

So-called TSA electrolytes consisting of tartaric/sulphuric acid have been successfully
introduced in many applications to replace chromic acid [175, ESTAL 2024].

A wide variety of current forms and wave shapes may be used for the process, depending on the
solution selected and the purpose of the anodic film. Direct current (DC), alternating current
(AC), and DC with superimposed AC. are all used in various processes.

The workpiece or substrate to be treated is made anodic. During the anodising process the
negatively charged anion migrates to the anode where it is discharged with a loss of one or more
electrons. The metal reacts with the oxygen of the anion and a layer of oxide forms on the
surface.

Figure 2-9 shows examples of decorative anodising options and Figure 2-13 shows a typical
anodising line layout.
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[45, France, 2003]
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Figure 2-9: Example of decorative anodising process options

The alumina coating is sealed to improve corrosion resistance and retain any surface colouring

(see Section 2.3.6). Sealing is described in Section 2.3.7.

Overall environmental considerations for all anodising processes

Anodised aluminium (coloured or not) is very easily recycled for metal recovery, i.e. anodising
processes have no significant effect on the recovery of aluminium metal, and other metals are

not added.

80

February 2025

DDG/GCH/ES/EU-BRITE/STM_Draft 1




Chapter 2

Typical emission levels after typical waste water treatment are given in Section 3.3.1

2.31 Workpiece or substrate pretreatment

2311 Electrolytic and chemical polishing processes for aluminium
[This Section moved here from Section 2.3.2.3 of the current STM BREF]

Industrial electrolytic and chemical polishing processes for aluminium are of two types:

e processes designed to replace or reduce mechanical polishing. These provide a smooth,
bright, though not a ‘mirror’, finish, and are characterised by high dissolution rates
(between 2.5 and 5.0 pm per minute). In most cases, the best results are obtained on
high purity aluminium or its alloys, but some processes may be employed on
commercial purity based grades of aluminium, producing a correspondingly lower
grade of finish

e processes employed after mechanical polishing. These processes have a low rate of
attack and are employed on aluminium reflectors and other components which require a
higher specular reflectivity than is obtained by mechanical methods alone. Their use is
generally restricted to high purity based materials as reflectivity falls off sharply as the
quantity of second-phase constituents present increases.

Hot, highly concentrated acid mixtures are normally used, especially phosphoric acid, sulphuric
acid and sometimes nitric acid. The temperature is > 80 °C in chemical polishing, while it is
about 60 °C for the acids used in electrolytic polishing (brightening) [175, ESTAL 2024].

2.31.2 Desmutting

[175, ESTAL 2024]

In the aluminium anodising context (and sometimes before conversion coating), a desmutting
process is applied to remove alloy second-phase constituents that were insoluble in the caustic
etch. Thus, it is different from pickling, the purpose of which is to dissolve oxides.

Desmutting of aluminium is also performed in sulphuric acid which preferably originates from
the reuse of spent anodising baths.

Environmental issues

Process tanks may need to be equipped with fume extraction to remove generated aerosols and
hydrochloric acid gas and nitrous oxides if nitric acid is used. For desmutting of aluminium, the
use of sulphuric acid instead of nitric acid eliminates such emissions, therefore no exhaust is
necessary on such baths.

2313 Etching and-descaling of aluminium

[This Section has been moved here from Section 2.3.7 of the current BREF]
[175, ESTAL 2024]

The purpose of etching aluminium before anodising for decorative and decorative/protective
applications is to produce a desired matte and uniform surface appearance. As the anodic
oxidation coating is transparent, the topography produced by etching is critical to the final
product.

Although it is not its objective, the etching process also removes the natural oxide layer on
aluminium, which is very thin, unlike that of steel.
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Therefore, descaling and pickling are not necessary before anodising aluminium.

The etching of aluminium and its alloys is usually carried out in sodium hydroxide solutions. It
is also sometimes carried out in acid solutions, fluorides being added as necessary. Zincate
treatment is necessary for good adhesion prior to autocatalytic or electrolytic metal plating. This
solution is based on sodium hydroxide containing <20 g/l zincates.

Etching aluminium is also a common practice before batch conversion coating, with the aim of
removing undesired elements that concentrate on the surface of the metal and therefore to obtain
a more chemically uniform substrate.

23.2 Sulphuric acid anodising of aluminium

On most aluminium alloys a colourless, transparent aluminium oxide is formed, but alloys
containing high quantities of elements such as iron, manganese, silicium and others [118,
ESTAL, 2003] tend to give greyish or brownish coloured layers. The anodising voltage is in the
range of 17—-22V and the temperature of the electrolyte. is generally 20 °C + 5°C and
electrolyte concentration is generally 190 g/l + 40 g/l HySO4. A film thickness of 5- 30 um is
used for decorative and protective sulphuric acid anodising. The working parameters may vary
according to the application, especially in architectural anodising. Sulphuric acid anodised
coatings are often coloured by special colouring processes. (See Figure 2.10). The oxide coating
is sealed to obtain improved corrosion resistance (see Section 2.5.15).

In hard anodising, a film thickness of 25 — 250 um is obtained. The electrolyte is operated at-
below 5 °C [73, BSTSA, ]. Processes with oxalic acid and sulphuric acid with organic additions
can also be used for hard anodising. The hard anodising layer is normally not sealed. In this
state it can be impregnated with lubricants.

Environmental considerations
Acid concentrations and operating temperatures are low. If necessary, aerosols can be
minimised by a layer of foam or by mechanical devices, for example cathode enclosures [175,

Effluent may be treated in typical waste water treatment plants.
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Figure 2-10: Typical anodising plant layout
233 Chromic acid anodising of aluminium

This forms an aluminium oxide film on most aluminium alloys ranging from a light to dark
grey. The process is mainly used for aerospace and military applications. Parts can be treated
after joining since residual chromic acid in the joins does not cause corrosion and the process
gives very limited degradation of fatigue properties of the materials [73, BSTSA, ].
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The electrolyte contains 30 — 100 g of chromic acid per litre. The temperature is kept within the
range of 38-42 °C for most aluminium alloys. The voltage cycle used depends on the alloy
treated and must be closely followed to avoid etching. The coating is thin with an average of 2-
5 um and is relatively soft. Its corrosion resistance is good and the coating is normally not
sealed.

The regeneration of anodising baths using a retardation process extends the electrolyte life by
reducing its aluminium content.

Environmental considerations
Effluent may be treated in typical waste water plants.

Process tanks may to be equipped with fume extraction to remove generated acid aerosols and
gases. Section 1.4.4.1lincludes a discussion of the health effects of chromium and Section 2.5.3
for environmental considerations for hexavalent chromium solutions. [118, ESTAL, 2003],.
[116, Czech-Republic, 2003]

2.34 Anodising of magnesium, titanium, tantalum and niobium

[73, BSTSA, ] Anodising of magnesium gives the best protection for abrasive wear. The
coatings are relatively porous and contain crystalline phases like Mg(OH); and MgO. The oxide
layer can be 25 pm or more.

Anodising of the DOW-17 type is dark grey or green and has very good adhesion. Alternating
current is preferable. The coating has an attractive appearance and is well suited for being
coated by for example a transparent paint. The oxide layer is soluble in the acid electrolyte
meaning that the deposition rate decreases until a steady state condition is reached. Thorough
rinsing is required and if the parts are not to be painted a sealing in 50 g/l Na,SisO9 at 93-
100 °C for 15 minutes can be performed.

Anodising of the HAE (Harry A. Evangelides) type gives the hardest oxide and is well suited
for protecting against abrasion. It has very good adhesion and gives good protection against
corrosion. The coating is from light to dark brown, depending on alloy and thickness and the
best properties are achieved by using alternating current. Dipping in a Na,Cr,O7/NH4HF,
solution at 20- 30 °C for 40- 60 seconds can seal the coating.

For titanium anodising, there are two commonly used types: Type 2 and Type 3. Type 1 is far
less common, and is used in specialised high-temperature treatments.

Type 2 is mainly for wear purposes: It protects the metal surface against the effects of wear.
When untreated titanium parts rub against each other, they produce titanium dust — a result that
is not desirable in biomedical products (e.g. orthopedic implants). Type 2 anodising provides a
wear-resistant surface and helps prevent seizing or friction between sliding titanium surfaces.

It should be noted that Type 2 titanium anodising requires additional processing in comparison
to Type 3. After Type 2 titanium anodising, the parts will come out with a white film. Bead
blasting is a necessary final step to remove the white film and achieve the characteristic grey
finish on the titanium part.

Type 3 titanium anodising is also called titanium colour anodising. Type 3 colour anodising is
widely used in the medical sector for quick visual identification of parts. Type 3 titanium colour
anodising is less common in the aerospace industry, but is sometimes used for quick visual
identification in complicated assemblies. Type 3 coloured titanium finishes are also used in
jewellery  manufacturing  (https://www.besttechnologyinc.com/surface-finishing/titanium-

anodizing-equipment/).
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Tantalum anodising is an electrochemical process that creates a protective oxide layer on
tantalum surfaces. The process involves immersing the tantalum part in an electrolyte solution
and applying a voltage to form a thin, dense and uniform oxide layer on the surface. The layer
provides excellent corrosion resistance, making it suitable for use in demanding environments,
such as in aerospace, medical and electronic industries.

Niobium anodising forms a protective oxide layer on niobium surfaces. The process involves
immersing the niobium part in an electrolyte solution and applying a voltage, which creates a
thin, dense and uniform oxide layer on the surface. This layer offers excellent corrosion
resistance, making it suitable for use in various applications, including aerospace, chemical
processing and medical industries. The anodising process can also create various colours on the
niobium surface, providing aesthetic appeal.

Environmental considerations
High temperature, toxic and aggressive electrolyte (for DOW-17) require good ventilation.

2.3.5 Phosphoric acid anodising

Phosphoric acid anodising is being increasingly used as a preparative treatment for subsequent
applications of organic or plated coatings. Phosphoric acid anodising produces a relatively thin,
porous oxide that is used for bonding, painting, plating and printing applications. [132, Sheasby
and Pinner, 2002].

This process has been originally developed by the aerospace industry and is presently used
mainly as a pretreatment for preparing adhesively bonding aluminium structures in the

aerospace industry;—fer—painting—alominivm—in—architecturalappleations and for the printing
industry.

Phosphoric acid anodising produces a porous, hydration-resistant oxide and increases fracture
toughness. The anodic coatings resulting from phosphoric acid anodising have a high porosity
compared to those produced with other processes.

2.3.6 Colour anodising on aluminium
[118, ESTAL, 2003]

Aluminium can be coloured in many shades and colours in conjunction or after sulphuric acid
anodising and is normally referred to as ‘colour anodising’. Normally colouring methods are
identified as ‘dip dyeing’, ‘electrolytic dyeing’ or ‘two-stage colour anodising’, ‘self-colouring
process’, or ‘integral colour process’. [118, ESTAL, 2003]. There are four methods [3, CETS,
2002, 45, France, 2003].

A common colouring technique features a combination of immersion colouring (see Section
2.3.6.1) and electrolytic colouring (see Section 2.3.6.2). It can produce a great variety of colours
[175, ESTAL 2024].

2.3.6.1 Immersion colouring

This is the most widely used colouring method with a large range of dyes giving good light
resistance. The anodised aluminium workpieces or substrate are immersed in a water-based
organic or inorganic dye solution before sealing. The pores in the oxide layer adsorb the dye and
then sealing is carried out to achieve durability. For colouring the oxide, thickness depends on
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the type of product and on the colour required. For a good corrosion protection and weather
resistance, at least 15 um minimum is needed. [118, ESTAL, 2003, Sheasby, 2002 #132].

Environmental considerations
Some organic dyes may require additional waste water treatment.

2.3.6.2 Electrolytic colouring

The anodised aluminium is placed in an acid solution containing metal salts and an alternating
current (AC) is applied. This deposits oxide of the other metal which penetrates 1- 5 um deep
into the pore of the alumina, with the residual oxide layer remaining on top. The film obtains a
colour characteristic of the metal salts used. The metal salt most commonly used in Europe is
tin. For special applications, nickel, cobalt and copper can be used. Tin sulphate gives shades
from light bronze to black depending on the process time, of 0.5 to 15 minutes. A major use is
for architectural panels. Electrolytic and immersion colouring can be combined to form new
shades. [73, BSTSA, ][118, ESTAL, 2003]

Environmental considerations
The other metals used may require treatment in a waste treatment plant prior to discharge.

2.3.6.3 Interference colouring

Interference colouring is a special technique based on the electrolytic colouring principle. The
appearance is produced by interference effects between two light-scattering layers: the
electrochemically deposited metal layer at the bottom of pores and the aluminium
oxide/aluminium interface beneath.

2.3.64 Integral colouring

With integral colouring, the aluminium oxide layer is coloured itself during the anodising
process. Colouring occurs either by anodising in a solution of special organic acids or by normal
anodising in sulphuric acid of special aluminium alloys with substances that are not oxidised
such as Al-Si or Al-Fe-Mn. The oxide layer appears with a colour ranging from light bronze,
through dark bronze to black, depending on the layer thickness. This technique has almost
entirely been replaced by electrolytic colouring [73, BSTSA, ]

2.3.7 Sealing following anodising

b

process. ISO 7583 defines sealing as

Sulphuric acid anodising is normally followed by a sealing
a treatment applied to an anodic oxidation coating on aluminium to reduce its porosity and
absorption capacity. Thus, it improves the corrosion and stain resistance of the oxide layers. It
also prevents organic dyes from leaching out and improves the light fastness. Sealing may be
carried out in hot or cold processes. ISO 7583 identifies a number of different types of sealing
as follows:

e Hydrothermal sealing is either steam sealing not below the saturated steam temperature
or sealing in an aqueous solution at a temperature no lower than 95 °C.
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e Cold sealing (cold impregnation) is a sealing process carried out using an aqueous
solution at a temperature no higher than 35 °C.
e Medium-temperature sealing is a sealing process carried out using an aqueous solution
at an intermediate temperature generally no lower than 60 °C.
[175, ESTAL 2024]

With hydrothermal sealing, the pores in the oxide layer are closed by hydrating the aluminium
oxide: the pores are closed by the increased volume of the hydrous oxide structure. The sealing
process is carried out by dipping the anodised parts in hot or boiling deionised water for a time
dependent on the coating thickness. Sealing with steam achieves the same effect. [118, ESTAL,
2003], [CETS, 2003 #115], [175, ESTAL 2024]

2.3.7.2 Cold sealing

Sealing methods at lower temperatures have been developed. These are not based on the
hydrothermal conversion of aluminium oxide for closing the pores, but on the precipitation of
other compounds derived from the sealing solution. Qualanod recognises nickel-based two-step
cold sealing as an established process. The nickel salt is a fluoride while the second step is a
higher-temperature sealing process. For the first step, an aqueous solution containing nickel
fluoride is used at a temperature below 35 °C. The second step is hydratation in hot water above
70 °C or 80 °C. Qualanod requires other cold sealing processes to be tested before its licensed
architectural anodisers may use them. (See Qualanod [138, QUALANOD, 1999, 118, ESTAL,
2003]), [175, ESTAL 2024].

The latest developments in the industry are aimed at replacing the nickel.

Advantages with cold processes are lower energy consumption and possibly shorter process
times [73, BSTSA]. However, the use of heavy metal salts can be a disadvantage.

23.7.3 Medium-temperature sealing

So-called medium-temperature sealing processes are also available. These are not based on the
hydrothermal conversion of aluminium oxide for closing the pores, but often on using nickel

salts, such as acetate. In the European market, there is some concern about long-term properties
such as light fastness and corrosion resistance. Qualanod requires such sealing processes to be
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tested before its licensed architectural anodisers may use them. [138, QUALANOD, 1999],
[118, ESTAL, 2003], [175, ESTAL 2024].

2.3.8 Chromium (VI) conversion coatings on aluminium
[This Section has been moved here from Section 2.5.17.4 in the current BREF]

Chromate or phospho-chromate conversion films, ranging from clear yellow for chromate to
green for phospho-chromate [118, ESTAL, 2003] can be produced on aluminium. The film
colour depends on the immersion time, pH, solution concentration and, to some extent, on the
composition of the alloy to be treated. Due to the REACH Regulation, these are now only used
in the treatment of alummlum prlor to pamtlng in spe01a1 apphcatlons —'Ph%m&m—us&}s—as—a

The ab111ty of the treatment to prov1de corrosion re51stance without a correspondlng loss of
conductivity is particularly useful for electronic applications.

Solutions containing low Cr(VI) are available (Perseonal-communication, ESTAL).

Environmental considerations
Low Cr(V]) solution reduce drag-out and typical waste water treatment requirements.

239 Trivalent chromium (Cr(lll)) conversion coatings on aluminium

Trivalent chromium (Cr(III) conversion coatings on aluminium (free of Cr(VI)) are based on
Cr(Ill) and Zr(IV) salts and other additives, and used for corrosion protection of unpainted
surfaces and to meet the electrical conductivity properties required for aerospace and other
industrial applications and as- preparation for paint adhesion and corrosion protection in
architectural and decorative applications. The working conditions are dependent on the
aluminium alloy used and the application.

2.3.10 Chromium(VI)-free conversion coatings on aluminium

The European regulation REACH (Regulation on Registration Evaluation, Authorisation and
Restriction of Chemicals) has induced major changes in some of the finishing processes (e.g.
chromate conversion, chromic acid anodisation and chromate sealing).

Regarding chromium(VI)-free conversion coatings, different technologies have been developed
and have been used in the market (paint pretreatment in architectural, automotive, transportation
and others) since several years ago. The different technologies substituting chromium(VI) in

aluminium pretreatment are based on Zr, Ti, Zr/Ti, Ce, Si, pre-anodisation, and others.

European standards and quality organisations’ specifications define the requirements,
performances and application methods that these Cr(VI)-free technologies have to fulfil.

2.3.11 Chemical blacking — oxide coatings

Aluminium
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Aluminium may be given an oxide coating by immersion by a number of different processes
including the Adzae—and Juratka Jirotka processes. Electrolytic processes (anodising) are
generally preferred.

More information on chemical blacking — oxide coatings for various metal substrates is given in
Section 2.2.2.14.

2.3.12 Brightening

Aluminium and some of its alloys can be brightened by chemical or electrochemical processes
for special applications such as lighting and decorative finishes [118, ESTAL, 2003], [132,
Sheasby and Pinner, 2002]. To do so, electrolytes of sulphuric and phosphoric acid are
commonly used today. Although no longer common, nitric acid is also still in use {175, ESTAL
2024].

More information on brightening for various metal substrates is given in Section 2.2.2.15.

2313 Etching — Alkaline etching of aluminium
[Note to the TWG: This section corresponds to the Section 2.5.22 of the original STM BREF]

The most frequently used method for etching aluminium is aqueous solutions of caustic soda,
with or without other additives. This process takes place after cleaning (degreasing) of the
surface to av01d slowmg down the proce%s and plevent an uneven finish. {t—eaﬂ—b%ased—fef
2 e : ved: With
more prolonged etchlng, it can produce a sfcam satin or matte finish for nameplates or decorative

archltectural Work or for deep engravmg and chemlcal m1111ng Itis-arelatively-cheap-and-easy

Solutions for decorative etching may contain from 4- 10 % or more caustic soda, used at 40-
90 °C, possibly with a wetting agent to disperse grease and give a light foam blanket.

The most common are ‘long-lifetermuse’ etch processes operated on a never-dump basis. These
processes contain special additives, which stabilize the aluminate solution. Etch rate must be
controlled to get a constant etch finish. Important parameters are: temperature, free sodium
hydroxide, aluminium and additive content.

Alkaline etches with increased etch rates are used to remove the anodised film from aluminium
jigs before the next jigging.

[118, ESTAL, 2003], [132, Sheasby and Pinner, 2002], [138, QUALANOD, 1999] [175,
ESTAL 2024].

Environmental considerations

Spent alkali etch baths may be re-used in municipal waste water treatment [159, TWG, 2004].
2.3.14 Chemical milling

See Section 2.2.2.16.

2.4 Continuous coil — large-scale steel
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The coating of large steel coils is traditionally associated with the production of the coil. Coils
weigh up to 32 tonnes and can be up to 2080 mm wide [119, Eurofer, 2003], [73, BSTSA, |,
[86, COM, 2022].

Finished cold-rolled steel (pickled, cold-rolled, annealed and tempered) is a material with
mechanical characteristics that make it suitable for use in many industrial applications.
Unfortunately, it suffers the major disadvantage of low corrosion resistance. The use of surface
treatments to improve the corrosion resistance of the coiled steel substrate is described in this
document.

Electroplating is a major surface treatment for large scale steel coil production. Other surface
treatment options of printing and painting are discussed in [90, COM 2020 ].

The electrolytic coating procedure is fundamentally the same as that used in jig and barrel
processes, even using similar solution chemistries. It is also preceded by the same type of
pretreatments such as cleaning and pickling, and followed by post-treatments including layer
conversion techniques such as chromating and phosphating. The specific activities for steel coil
are described below.

There are two key differences for large-scale steel coil:

e the size and nature of the coils and the equipment used to handle and process them.

These require:

o coil handling equipment;

o loading and unloading systems (entry and exit loopers);

o equipment to keep the coil in process at the right tension and flat (to prevent
coil distortion and contact with anodes);

o edge trimming to size.

e the continuous nature of the substrate, with only small thickness and limited width
changes. This allows the use of some techniques that cannot be used for jig and
barrel systems (which have constantly changing shapes of components), such as:

o Dbrushes to assist with activities such as degreasing and wringer rolls to reduce
process solution drag-over;

o the continuous nature of the strip and the type of plant layout also lends itself to
the widespread use of other techniques such as spray rinses and electrostatic
oiling which are used less frequently in other transport systems.

A typical process outline is described in Figure 2.11. Details for specific process lines are
described in the following sections.

eh?ridlzr;%d‘lai.r?é Pretreatment e.g. EI:ctropIatn:lg e.g.
’ > cleaning, , in, ch_romlum,
entry looper, pickling zinc/zinc alloy,
tensioning lead
h 4
Post-treatment e.g.
Unloading, e.g. layer conversion
— exit looper and - (chromium passivate,
handling phosphate), oiling,
brightening

Figure 2-11: Outline of typical coil coating process
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241 Entry equipment

The reception of coils, the uncoiling and welding of the coil end with the start of the next coil
allows for a continuous process. The entry equipment involves the following:

e transport between the storage of uncoated steel coils to the uncoilers by means of a
transfer chain, fork lift or an air-cushion vehicle;

e uncoiling of the strip (including uncoiler, magnetic strip and pressure rolls);

e the entry looper guarantees that the strip can go on moving at a constant speed in the

processing section even during welding when the strip end is held still at the entry

section. The looper stores coil by running it through a series of vertical or horizontal

loops. These are then used when the coil end is held still for welding on a new coil;

shearing of coil tails and scrap collection;

seam welding of the coil end with the start of the next coil;

continue strip thickness measurement;

tension leveller: used at the entry section or prior to any point where flatness is essential

such as running between anodes or edge trimming knives. This flatness is corrected

continuously by traction and flexion.

Environmental considerations
Power consumption can be assisted by maintenance of correct settings and ensuring bearings are
free running.

242 Rinsing and drag-out

These activities are described in Section 2.4. Specific control techniques for coil processing are
described for the individual processes.

243 Pretreatment

Activities preparing steel coil and wires prior to surface treatment in coil coating process lines
are described in the BREF on the ferrous metals processing industry [86, COM, 2022].

[Note to the TWG: This content was moved from Section 2.3 of the original STM BREF]
2431 Degreasing and cleaning

The coiled blackplate is usually contaminated with fatty residues (oil and grease) and mill dirt
(amorphous carbon or abraded iron fines) left over from the rolling process. It is essential that
the surface of the steel strip is free of these impurities to ensure the entire surface is exposed to
the treatment activities to ensure strong adhesion of the coatings is achieved.

Aqueous systems are now standard, and solvent degreasing is no longer used.

The cleaning is usually a combination of soak and electrolytic activities, see Section 2.3.
Cleaning solutions are usually based on sodium hydroxide, phosphate or polyphosphates and
wetting and complexing agents.

Electrolytic cleaning
Impurities such as grease, oil, amorphous carbon or abraded iron fines may exist in the
depressions of the surface roughness after the degreasing treatment. It is essential that these
impurities are removed to ensure a strong adherence of the coating and it is achieved by
electrolytic cleaning.

The polarisation of the uncoiled strip can be achieved in two different wayseithes:
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e Directly, where the strip passes over a conductor roll and then travels between two pairs
of mild steel electrodes. The current passes from the conductor roll via the strip and
electrolyte to the electrodes.

e Indirectly by grid electrodes, where the steel strip travels between two pairs of mild
steel plates which form two electrodes of opposite polarity. The current passes from one
pair of electrodes via the electrolyte and the strip to the other pair of electrodes.

The electrolysis of the alkaline solution produces the release of H, gas at the cathode and of O»
gas at the anode. The polarity of the electrodes is inverted after each coil or after a certain time
to avoid polarisation.

Environmental considerations
See Section 2.1.4.4 and the individual processes.

Where oily waste is collected from the activities, it is usually treated off-site.

2.43.2 Pickling

Although the strip should be free of surface oil and dirt as it leaves the cleaner rinse, oxides
formed during the various stages of steel processing are not removed. The purpose of acid
pickle is to remove these oxides and lightly etch the strip to present as clean a steel surface as
possible to the plating section. Strip pickling can be carried out by immersion, spraying or more
commonly by electrolysis, with the same electrical arrangements as for cleaning, i.e. contact
rollers or grids. See also Section 2.3 and [86, COM, 2022].

Lead anodes are used because of the 50 g/l (max) concentration of the sulphuric acid electrolyte.

Electrolytic pickling (bipolar action) in neutral electrolyte (Na;SO4) may also be used in treating
steel coil [113, Austria, 2003].

Environmental considerations
See Section 2.1.4.6.

24.4 Coating activities — electroplating

The materials commonly used for electroplating steel strip because of their special
characteristics are: tin, chromium, zinc, copper, lead and some of their alloys. Electrolytic
reactions are described at the start of Chapter 2.

Electrolytic cells for continuous steel coil

The cleaned and pickled strip is fed through electrolytic cells. The electrolytic cells are the heart
of an electrolytic line. The choice, design and sizing of the other line components and supplying
sections are dependent on the choice of the electrolytic cell and its components.

The main components of a continuous coil electrolytic cell are as follows:

e Conductor roll: this gives the steel strip a negative electrical charge. The voltage is
transformed into current by means of a rectifier. The negative pole of the rectifier is
connected to the carbon brushes of the conductor roll.

e Press roll: provides good contact and high electric conductivity between conductor roll
and steel strip.

e Anode: repels the positive ions towards the steel strip (cathode). The positive pole of
the rectifier is connected to the anode.
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e Sink roll: turns the steel strip by 180°.

e  Wringer rolls or squeeze rolls: minimise the drag-over (drag-in) into the next cell.

e Edge masks: prevents zinc edge overthrow (build-up of zinc preferentially at the edge
of the coil where charge density is highest).

e Conductor roll cleaning device: cleans the surface of the conductor roll to avoid surface
defects on the steel strip.

The choice of an electrolytic cell depends on the industry applications the producer intends to
supply, on the layer thickness they intend to deposit and on the capacity they intend to install.
Electrolytic cell type is a function of four main parameters:

e cell geometry;
e current density;
e clectrolytic solution type;
e anode type.
Cell geometry

The three main types of cell geometry are as follows:

Vertical cell

The two strip sides may be coated simultaneously in one cell. On entry to the cell the strip runs
from top to bottom, from the conductor roll through one pair of guiding rolls and the first anode
pair down to the sink roll. From there it runs to the exit side, upwards through to the second
electrode pair and wringer rolls and on to the next conductor roll.

Conventional cells are filled in with electrolyte and the sink roll and the two pairs of anodes are
submerged in the electrolyte bath. In the Gravitel cell, the electrolyte enters via a weir in the
narrow gap between the insoluble anode and the strip, holding only a small amount of
electrolyte in contact with the strip. In this case, neither the anodes nor the sink roll are
submerged in the electrolyte.

Conductor roll

— Pressroll
Strip Wringer roll
\ Anode
Sink roll
Electrolyte

Figure 2-12: Vertical cell

Radial cell
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Only one side of the strip may be coated at a time in one cell. On entry to the cell, the strip runs
from the top to the bottom, from the conductor roll through one pair of wringer rolls down to the
sink roll. From there the strip runs to the exit side, upwards through the wringer rolls and on to
the next conductor roll. Only the lowest part of the sink roll is plunged in the electrolyte bath.

In a variant, the carousel cell, the top rolls have the function of deflector rolls while the sink
roll, equipped with a metallic winding, combines the functions of deflector roll and conductor
roll.

@
~ Press rolls

Strip Conductor roll

Sink roll

/ | Electrolyte

Anode ——]

Figure 2-13: Radial cell

Horizontal cell

Both strip sides may be coated simultaneously in one cell. The strip runs horizontally through
the cells. At the entry to the cell, the strip leaves the conductor roll and runs through one pair of
wringer rolls, then between a pair of anodes and from there to the exit side, onwards through a
another pair of wringer rolls to the next conductor roll. The electrolyte is continuously injected
between the two anode pairs, thereby only holding a small amount of electrolyte in contact with
the strip at any one time.

Conductor roll
Anode // Wringer roll
~]
Electrolyte <_~

\

I_I\

Press roll

Figure 2-14: Horizontal cell
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Current density

Installations normally working at low current density can be differentiated from those normally
working at high current density. The current density will depend on the main industrial
application, the normal metal thickness required and the normal steel substrate thickness. Table
2.1 shows thicknesses for zinc and zinc alloy coil coating applications. A high current density
allows a thicker metal layer to be plated onto the steel substrate with a shorter anode length.

Table 2-1:  Zinc and zinc alloy layer thickness as a function of industry application
Current Main Zinc layer | Steel thickness Electrolyte
density industrial thickness minimum relative speed
(A/dm? applications (um) (mm) (m/sec)
60 to 120 Vehicle 5to 12 0.5 1.0t0 4.0
30 to 90 White goods 2.5t03.5 0.3 <1.0
30 to 90 Others 2.5t03.5 0.3 <1.0

High current density cells are equipped with systems such as electrolyte injection devices to
realise a high relative electrolyte speed (electrolyte speed versus strip speed). These systems
assure a sufficient supply of metal ions to the polarisation layer at the steel strip surface to carry
the current.

Electrolyte bath
These are described for each process separately, see Sections 2.9.8, 2.9.9 and 2.9.10.

Anode type and gap
Two families of anodes are available: soluble anodes and insoluble anodes, see the introduction
of Chapter 2, Electrolytic cells and reactions.

The gap between the anode and the steel strip differs as a function of the cell geometry and of
the maximum steel strip width.

Table 2-2:  Gaps between anode and steel strip for different electrolytic cell types
Electrolytic cell Minimum gap
(mm)
Vertical 16 to 26
Vertical gravitel 7to014.5
Radial 7to 15
Horizontal 10 to 20

[Note to the TWG: This section above was moved to Section 2.2.2.6]

246 Layer conversion activities

In order to prevent surface damages and flaws during storage and transportation, such as white
rust (zinc corrosion) caused by water condensation where there is insufficient air access, the
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deposited layer may be subsequently phosphated (see Section 2.5.16), passivated with a
chromate treatment (see Section 2.5.17) and/or oiled prior to recoiling (see Section 2.9.5). These
layers also significantly improve the processing properties, during these and subsequent
processes, such as painting or deep drawing.

247 After treatment activities
24.71 Drying

The strip is dried by means of hot air drying devices. The hot air temperature depends on the
process stage. The drier device is usually situated at the end of the post-treatment; the same type
of device is used for the phosphate and the chromate sections. See Section .

Environmental considerations
Energy efficiency according to type of drier and the installation.

24.7.2 Unloading- exit looper

The exit looper allows the strip end to remain at standstill in the exit section during the cutting
of a completed coil. It stores sufficient coil for the strip to continue moving at a constant speed
in the processing section. Construction and operation is the same as for an entry looper, with the
coil running in the reverse direction.

Environmental considerations
Power consumption which will be minimised by maintenance of correct settings and ensuring
bearings are free running.

2438 Continuous electrolytic zinc or zinc nickel plating activities

This is the electrolytic deposition of a thin layer of pure or alloyed zinc onto the surface of a
steel strip substrate.

On continuous electrolytic zinc plating line, the cold-rolled, annealed and tempered steel strip is
passed continuously through degreasing and pickling pretreatments, then through a series of
electrolytic cells containing a zinc electrolyte. It is then passed through one or more
post-treatments, either layer conversion such as chromating or phosphating, or through an oiling
step.

Plating lines layout may vary in design. As an example, Figure 2.15 shows a typical layout of a
continuous electrolytic zinc plating line.
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— Entry »| Degreasing » Entry »| Tension
equipment section looper leveller
Polisher [* Plating [* Pickling [* Electro
Cold rolled, section section section degreasing
annealed and
tempered coil l
Phosphating ® Chromate > Exit | ,
section rinsing looper nspet(.: on
section section section
D Exit Oiler [ Marker Side
equipment section section trimmer

Zinc electroplated coil

Figure 2-15: Schematic of an electrolytic zinc coating line layout

2481 Entry equipment

See Section 2.9.1.

2.4.8.2 Degreasing

Degreasing of steel strip surface is by means of both chemical action (alkaline agent) and
mechanical action (spray and brushes).

The cleaning process involves the following steps:

e alkaline degreasing via immersion or by spraying. This may be coupled with brushing;
e rinsing with water and brushing between intermediate rinsing tanks;

e drying.
The degreasing and rinsing sections may be in horizontal or vertical tanks.

Alkali degreasing
A typical horizontal spray degreasing section for the treatment of oiled coils consists of three
successive stages:

e stage 1: spray nozzles and brushes;
e stage 2: spray nozzles;
e stage 3: spray nozzles and brushes.

Cascade degreasing has the advantage of achieving a high cleaning rate using only a small
amount of degreasing solution. Degreasing is performed in counter-flow direction to the steel
coil movement, which means that clean degreasing solution is used in the third (final) stage
where it becomes slightly contaminated. This degreasing agent is used for cleaning in the
second (more contaminated) stage and subsequently in the first (most contaminated) degreasing
stage. The degreasing agent overflows between any two stages are controlled by means of wring
rollers.
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Section 2.9.3.1 describes typical chemical degreasing systems. In steel coil coating, the
degreasing agent is usually an alkaline containing phosphate (a non-siliceous solution)
containing mainly sodium hydroxides, orthophosphates and surfactant compounds with a
concentration of 5 to 40 g/l, a temperature between 60 and 85 °C and a pH of about 13. The
degreasing solution may be used first in the electrolytic degreasing section and be moved to the
chemical degreasing stage to replace the spent chemical degreaser.

Environmental considerations
The use of cascade degreasing minimises the amount of raw materials and water used.

When the cleaning solution has reached the maximum oil content it is regenerated by
centrifuges.

The solution may be used first in the electrolytic degreasing section.

Fumes generated in degreasing and brushing are normally collected, scrubbed and treated prior
to release.

Spent degreasing agent is sent to waste water treatment before release.

The oily waste is treated off-site.

S S S
degr?eraas!gng Brushes degrz;as%ng degrz;as);ng Brushes
0.0 a0 0000 0000
NOC O OOV N OO OO OO O OY /

Figure 2-16: Spray degreasing and brushing

Rinsing

See Section 2.4. The alkaline degreaser is completely removed by cascade rinsing in three
stages. Cascade rinsing has the advantage of achieving a high cleaning rate using only a small
amount of rinsing water. Rinsing is performed in a counter-flow direction to the movement of
the steel strip: the clean water is used in the third stage where it consequently becomes
contaminated. This slightly contaminated water is then used for cleaning in the second stage and
subsequently in the previous rinsing stage. The water overflows between two stages are
controlled by means of wring rollers. The rinsing equipment involves the following steps:

e stage 1: spray nozzles and brushes;
e stage 2: spray nozzles;
e stage 3: spray nozzles.

The process solution in the first stage is demineralised water at a temperature of 70 to 85 °C.

Quality control techniques are used to determine the oil content in the water which gives the
required standard of cleaning with minimum water usage. During processing, when the oil
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content in the water has reached this maximum allowed concentration, the water is sent to waste
water treatment before discharge.

Environmental considerations
Countercurrent rinsing optimises process efficiency and minimises use of heated demineralised
water.

Used water is treated to remove oil prior to discharge.

Water vapour and/or fumes generated in rinsing and brushing are collected and injected into the
rinsing tanks.

Spray rinsing Brushes Spray rinsing Spray rinsing
,&GXQXC}XQ l i i ‘ C}gg{)ggﬁg(({} D OXOXOX .
N O C} Q O o0 o C} O C} O

Figure 2-17: Spray rinsing

2483 Drying

The degreased strip is dried by means of a hot air drying device. The hot air temperature lies
between 100 and 120 °C.

Environmental considerations
Energy efficiency.
2484 Entry looper and tension leveller

See Section 2.9.1

2.4.8.5 Electrolytic degreasing

The final degreasing of steel strip surface is carried out by means of chemical (alkaline agent)
and mechanical (sprays and H, and O, gases bubbles generated by electrolysis at the strip
surface) actions, see Section 2.3.8.

The electrolytic degreasing section involves the following steps carried in cells:

e alkaline degreasing by an electrolytic system;
e rinsing with water, possibly coupled with brushing.

The degreasing and rinsing sections may be in horizontal or vertical tanks.
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The electrolytic degreasing is carried out by the electrolysis of the alkaline solution releasing Ha
gas at the cathode and O, gas at the anode. The polarity of the electrodes is inverted after each
coil or after a certain period in order to avoid polarisation. The solution drag-out to the next
stage is controlled by means of wringer rollers.

The degreasing solution is usually the same as that used in the degreasing section. Once the
solution has reached a certain oil level it is re-used on the degreasing section (cascade use). The
operating temperature of the solution lies between 60 and 85 °C.

Environmental considerations
Re-use of the solution in the more contaminated degreasing section is possible.

Alkali fumes generated in electrolytic degreasing cells are usually collected, scrubbed and
treated prior to release to maintain a healthy working environment and to prevent corrosion of
equipment and substrates.

Conductor roll

Strip

Electrode /

Sink roll \\\x___A///
Alkaline bath

Figure 2-18: Electrolytic degreasing

Rinsing

Cascade rinsing in two stages completely removes the alkaline solution. Cascade rinsing has the
advantage of achieving a high cleaning rate using only a small amount of rinsing water. Rinsing
is performed in the counter-flow direction (i.e. the water flows in the opposite direction to the
coil). This means that clean water is used in the last stage where it consequently becomes
contaminated. This slightly contaminated water is used for cleaning in the second stage and
subsequently in the previous rinsing stage. The water drag-over between two stages are
controlled by means of wringer rolls. The rinsing equipment involves the following steps:

e stage 1: spray nozzles and brushes
e stage 2: spray nozzles.

Demineralised water having a temperature of 70 to 85 °C is used in the first stage.

Environmental considerations
Use of countercurrent rinsing to minimise use of heated demineralised water.
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Water vapour and alkali fumes generated in rinsing and brushing are usually collected and
injected in the rinsing tanks.

When the water has reached the maximum allowed oil content commensurate with process
quality, it is sent to waste water treatment before release.

2.4.8.6 Pickling

Pickling removes any oxides formed during the various stages of steel processing and prepares a
reactive steel surface for the plating section. For further information, see [86, COM, 2022].

Coil pickling can be carried out by spraying, or immersion with or without electrolysis.
Typical pickling sections involve the following steps:

e stage 1: pickling;
e stage 2: rinsing.

Spray pickling
Two types of pickling solution may be used:

e sulphuric acid at a concentration within a range of 10 to 60 g/l with a temperature range
of 25 to 60 °C;

e hydrochloric acid at a concentration within a range of 100 to 150 g/l with a temperature
range of 20 to 40 °C.

Both the temperature and the acid concentration are dependent on the available pickling time
(which is a function of the contact length and the maximum strip speed).

Environmental considerations

Fumes generated in pickling are usually collected and scrubbed prior to release. In some lines,
the contaminated water of the scrubber is treated together with the fumes from the electroplating
cells in an evaporator and both the concentrate and the evaporated water are returned to the
process.

Spent pickling solution is sent to waste water treatment before release.

Spray rinsing
The same system is used as for degreasing (see Section 2.9.8.5).
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Figure 2-19: Pickling section

24.38.7 Electroplating

In this section, thin deposits of pure or alloyed zinc are electrolytically deposited onto the
surface of a steel strip substrate. A typical plating section involves the following steps:

e stage 1: plating through several electrolytic cells;
e stage 2: rinsing.

Sections 2.9.4 discuss the process and describe types of electrolytic cell. Current density for
various zinc and zinc alloy thicknesses, and the industries they are used in are set out in Table
2.1.

Types of electrolyte bath

Electrolyte baths in continuous electrolytic zinc plating lines are predominantly acid-based.
Alkaline-based electrolytes are no longer in common use. Electrolytes can be sulphate-based or
chloride-based. The sulphate-based bath is used with soluble and insoluble anode processes.
The chloride-based bath is only used with soluble anodes as chlorine gas is generated with
insoluble anodes. In both baths, ionic additions are made to increase the conductivity of the
electrolyte bath (e.g. sodium sulphate, aluminium sulphate, sodium chloride). Buffer additions
are made to stabilise the pH (e.g. CH;COONa).

Typical sulphuric base electrolytic bath compositions are:

e zinc 70- 120 g/1

o free H,SO4 3-25 g/

e NaySO4 0- 100 g/1

e pH 1.0- 3.0 pH units.
Anodes types

These are generally described at the start of Chapter 2. For this process:
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e soluble anodes: the zinc anodes are fixed on a supporting rail and, as they are consumed
during the process, they are displaced from the entry side rail to the exit side rail;

e insoluble anodes: two materials are used for the anode plate: a plate substrate in
titanium coated with a thin layer of tantalum oxides or iridium oxides and a plate in lead
alloyed with Sn or with Ag and In.

Rinsing step

The coil is then rinsed to completely remove the electrolyte from the strip surface. Also, in
some cases where the coil is coated only on one side, the rinse may be used to pickle the zinc
residues on the non-coated side. Rinsing can be carried out by immersion or by cascade
spraying, and in horizontal or vertical tanks depending on the available surface. The same
cascade principles described in the degreasing section are applied here, see Section 2.9.3.1.

Demineralised or fresh water is used, with a temperature of between 20 — 50 °C and a pH 0.3 to
3 (among other control parameters).

When the water has reached the maximum allowed contaminant (electrolyte) content
determined by quality control, it is sent for waste water treatment before discharge. In some
lines, the contaminated water is treated in an evaporator. The evaporated water can be re-used
for rinsing and the concentrate re-used in the process electrolyte.

Environmental considerations
Counter-flow cascade rinsing can maximise the rinse efficiency and minimise the use of hot
demineralised water.

Re-use of the water outputs distilled from evaporators.

24838 Strip polisher

The strip polisher is used to clean the tarnished/oxidised uncoated side of the strip and to
remove any stray coating particles which may have been deposited. When producing single
sided coated material, some lines omit the polishing technology.

A typical polishing section involves the following stages:

e stage 1: polishing;
e stage 2: rinsing;
e stage 3: drying.

Polishing
Brushes are used to polish the cold reduced surface on the uncoated side. Demineralised water is
used. The metal particulates are filtered from the used water.

Environmental considerations
The used water is sent to waste water treatment before release.

Rinsing

The strip is passed through a hot water rinse to remove any debris, before being dried. Rinsing
can be carried out by immersion or by cascade spraying, in horizontal or vertical tanks
depending of the available surface. The same principles as described for the degreasing section
are applied. See Section 2.9.8.2.

Environmental considerations
The used water is sent to waste water treatment before release.

Drying
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The polished strip is dried by means of a hot air drying device. The hot air temperature lies
between 100 and 120 °C. The drier device is usually situated at the end of the post-treatment;
the same type of device is used for the phosphate and the chromate sections. See Section 2.6.

Environmental considerations
Heat efficiency and losses.

24.38.9 Phosphating

This process forms a high quality light phosphate coat with the hopeite chemical structure
which is widely used in the automotive industry and for household appliances. Phosphating can
improve the performance of the zinc-coated strip with regard to drawability, corrosion
resistance and subsequent paintability. See Section 2.5.16.

The strip is treated after zinc coating using spray banks in a two-stage process:

e stage 1: activation;
e stage 2: phosphating.

Activating

The first stage consists of spray of a titanium refiner, which provides activation sites for the
second stage of phosphate coating. The activation solution circulates in a closed loop. The pH
lies in a range of 8 to 10, and the temperature is maintained below 40 °C. Spent (used, out of
specification) solution it is treated in the waste water treatment section.

Phosphating

Phosphate coatings are described in Section 2.5.16. A phosphate coat of approximately 1- 1.8
g/m? is applied. The phosphate system used can either be single or tricationic, depending on
customer requirements. The hopeite crystal Zn3;(PO4),.4H,0 incorporates approximately 1 % Ni
and 5% Mn. A refiner is added to ensure that the phosphate crystals deposited are small,
uniform and tight, which enhances the performance of the coating.

Following phosphating, the strip is rinsed in a spray of dilute chromate solution to form a
chromate seal. This seal further enhances the corrosion performance of the phosphate coating.
The strip is then dried.

The phosphate solution circulates in a closed loop at a temperature below 40 °C.

Environmental considerations
See Section 2.5.16.

Spent solution is treated in the waste water treatment section.

Effluents may contain traces of nickel and manganese.

24.8.10 Full chromating and chromate rinsing
This is described in Section 2.5.17. A typical chromating section involves the following steps:

e stage 1: chromating;
e stage 2: rinsing;
e stage 3: drying.

Chromating
Full chromating or chromate rinsing of the strip after zinc coating is achieved using spray
banks. Chromate rinse or passivation is a spray treatment with solvents containing chromic
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acids. A coat of 10—35mg/m? per side is applied. During passivation, Cr(VI) is largely
converted to Cr(III). The strip is treated with solutions between 0.5 — 2 % of chromium and at
temperatures below 40 °C. The chromate solution circulates in closed loop.

Environmental considerations
General health and environmental issues for chromium passivation are described in Sections
1.44.1 and 2.5.17.

Spent (used, out of specification) solution may be treated in a typical waste water treatment
plant or disposed of as hazardous waste.

Rinsing
Rinsing can be carried out by cascade spraying in horizontal tanks. The same principles as

described for the degreasing section are applied. See Section 2.9.8.2

Environmental considerations
The used water is sent to waste water treatment before release.

Drying

The chromate rinse strip is dried by means of a hot air drying device. The hot air temperature
lies between 100 and 120 °C which is necessary for the chemical reaction of the excess Cr(VI)
with the solution additives to become Cr(III).

Environmental considerations
Heat efficiency and losses.

Anti-finger marking section
This provides a chromate coating for improving protection against white rust corrosion. This
coating has the advantage of not showing fingerprints, which is critical for some customers.
A typical chromating section involves the following steps:
e stage 1: coating. The chromate coating is applied via a roller coater system, similar to
that used in paint lines;

e stage 2: drying. The wet coating is passed through an air oven to dry.

Environmental considerations
The coating is dried in place with no rinsing, so no effluent arises.

Heat efficiency and losses may need to be addressed for the oven.

2.4.8.11 Oiling

A wet film of oil is applied on the surface of the strip, see Section 2.9.5. The oiling coat is
between 0.25 — 3 g/m*/side, applied in an electrostatic oiler, with the oil circulating in close
loop.

2.4.8.12 Exit looper

See Section 2.9.7.2

249 Continuous electrolytic tin plating activities
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Mild low carbon steel can be coated with tin either with equal or different thicknesses on either
side, and in a range of thicknesses.

On a continuous electrolytic tin coating line, the blackplate strip is passed through cleaning and
pickling pretreatments, then through a series of tanks containing a tin electrolyte. This process
electrolytically deposits a light layer of pure tin onto the strip, which may be subsequently
reflowed, then passivated and oiled prior to recoiling.

Plant layouts vary in design; some modern lines now incorporate a side trimming unit prior to
pretreatment. Figure 2.20 shows a typical layout of a continuous tin coating line.

Entry N Entry N Tension N Side
° ! equipment " looper " leveller | trimmers

Blackplate coil ¥
Drag-out P Plating P Pickling . Cleaning
section N section N section b section

h 4
Marker roll N Flow-melt N Lol N .
> . »| Passivisation » Qiler
assembly section
A 4
I.Exn . Instrument « Inspection |« Exit
equipment stand looper

Tinned coil

Figure 2-20: Schematic of a tin coating line layout

2491 Degreasing and cleaning

As with other surface treatments, tin plating requires appropriate preparation of the substrate as
poor surface condition can lead to inadequate adhesion of the tin or even dewetting during the
remelting operation. See Sections 2.3 and 2.9.3.1. Cleaning solutions are usually proprietary
mixtures of polyphosphates, sodium hydroxide and wetting agents. The chemical action of the
bath is enhanced by electrolytic treatment. Concentrations range from 7 to 50 g/l and the
solution is operated at a typical temperature of about 90 °C maintained by circulating the
solution through a heated reservoir storage tank. Additions of water and cleaning compound are
made as required. Figure 2.21 shows a typical cleaner section with rinsing.

The strip is polarised using one of the following two methods:

o directly- where the strip passes over a conductor roll, and then travels between two pairs
of mild steel electrodes. Current passes from the conductor roll via the strip and
electrolyte to the electrodes

e indirectly- by grid electrodes where the steel strip travels between two pairs of mild
steel plates which form two electrodes of opposite polarity. Current passes from one
pair of electrodes via the electrolyte and the strip to the other pair of electrodes.
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The polarisation of the strip can be achieved in two different wayseither:

e Directly, where the strip passes over a conductor roll and then travels between two pairs
of mild steel electrodes. The current passes from the conductor roll via the strip and
electrolyte to the electrodes.

e Indirectly by grid electrodes, where the steel strip travels between two pairs of mild
steel plates which form two electrodes of opposite polarity. The current passes from one
pair of electrodes via the electrolyte and the strip to the other pair of electrodes.

Rinsing
Rinsing is as thorough as possible to avoid contamination of the pickle liquor pretreatment by
the cleaning solution. It is carried out by spraying hot water, typically between 150 — 400 1/min.

Environmental considerations
Alkali fumes generated during cleaning are typically collected and scrubbed prior to release.

Spent cleaning agent and waste water from rinsing can be treated in a typical waste water
treatment plant.

Hold down
rolls Insulated rubber carrier rolls
From des plate
stretch . ole | To pickler
leveller . o"-__‘_h\ ele
] Hot auto
[
temperature
control
water
sprays

\, Sink roll / \Sink lﬂll/ \Sink mll/ \Sink rull/ \Sink roll/
S 4 w>

Cleaner tank Rinse tank

Figure 2-21: Schematic of a cleaner section

2.4.9.2 Pickling

See Section 2.4.3.2. Lead anodes are used because of the 50 g/l (max) concentration of the
sulphuric acid electrolyte. The acid is deliberately not heated, but the process current induces an
equilibrium temperature of 25 to 40 °C, depending on operating conditions.

DDG/GCH/ES/EU-BRITE/STM_Draft 1 Februar 2025 107




Chapter 2

Grid to grid Carrierrolls

electrodes /
e ®® e T

From cleaning

i tank
rinse tan Section

e

”

s

’\./ \./ \./ \./

VAR

Electrolytic Rinse
tanks tanks

Figure 2-22: Schematic of a pickler section

Environmental considerations
Acid fumes generated during pickling are usually collected and scrubbed prior to discharge.
Spent acids and rinse waste water are sent for waste water treatment prior to discharge.

2493 Tin plating
There are two widely used tinning processes:

e The ‘Du Pont’ process which represents 20 % of worldwide tin plate production. It has
the ability to accept high current densities. However the electrolyte composition is
complex, with high chloride and fluoride contents making it highly aggressive to plant
materials.

e The ‘Ferrostan’ process is the most widely used, with between 75 and 80 % of
worldwide tin plate production. This is due to the use of less hazardous and corrosive
chemicals.

Other electrolytes are based on tin sulphate, tin fluoroborate or tin methyl sulphonate [113,
Austria, 2003].

The plating section of a tinning line consists of several rubber-lined steel vertical tanks arranged
in tandem. Each tank contains a rubber driven sink roll at its base and two chromium plated
copper conductor rolls above the electrolyte surface. Current is transferred from the roll to the
strip so that the strip becomes cathodic. Soluble tin anodes are hung from bridges across the vats
into the plating electrolyte. Anodes are cast from electrorefined tin which is typically more than
99.85 % pure.
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Figure 2-23: Schematic of a plating tank — vertical cell

The plating electrolyte consists of stannous sulphate, phenolsulphonic acid (PSA) and an
organic addition agent. The stannous sulphate provides an initial source of tin ions in solution;
the PSA makes the solution highly conductive and the addition agent ethoxylated alpha-
naphthol sulphonic acid (ENSA) aids uniform and consistent tin deposition. This is essential for
making the plate bright at after the later flow-melting stage.

Typical composition and temperature of tin electrolyte to ensure good plating conditions is:

e stannous tin 25-45 ¢/l
e phenol sulphonic acid (PSA)  20-27 g/l
e ENSA 1.5-6.0 g/l
e at temperatures of 30— 55 °C.

The plating electrolyte is circulated through heat-exchangers, the rate of circulation being high
enough to maintain a constant plating temperature for all coating weights.

2494 Drag-out
After plating, the strip goes through a series of drag-out and rinsing operations.

At the drag-out tank, electrolyte is spray-rinsed with a dilute solution of PSA and a tin
compound, and then returned to the electrolyte circulation tank. This tank is connected to an
evaporator and the dilute electrolyte is concentrated by evaporation then recirculated back to the
plating tank.

The exit squeeze rolls on the drag-out recovery tank leave the optimum amount of electrolyte on
the strip required for ‘fluxing’ of the tin coating during melting. The film only needs to be dried
before the strip enters the flow-melting or brightening unit which is accomplished by passing
the strip through a series of hot air jets.
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On high speed lines, a second drag-out recovery unit is provided to increase the dilution ratio.
This means a recovery ratio of more than 90 % of the drag-out electrolyte is accomplished.

Environmental considerations
Dragged over plating solution can be concentrated and returned to the plating process.

Acid fumes generated during plating and drag-out may be collected by an extraction unit and
are usually scrubbed prior to discharge.

2495 Differential marking

Differential coatings are shown by marking one side of the strip usually with a solution of
sodium dichromate. This is printed onto the strip in a pattern of diamonds, circles or, more
commonly, lines. The solution is dried onto the strip and after melting will leave a dull, non-
lustrous finish in the areas that have been in contact with the printer.

Environmental considerations
As for other chromium coatings, see Section 2.9.8.10.

249.6 Reflow — tin brightening

The tin coating deposited on the strip has a dull matt appearance. Reflowing or flow melting is
the process used to give a bright lustrous finish. The strip is heated to above 232 °C (the melting
point of tin) and then quickly cooled to solidify the coating. Melting is achieved by resistive
heating (applying a voltage between two conducting rolls supporting the strip), supplemented by
induction heating (which provides 20 % of the total energy).

Exit earthing roll
AN

Entry earthing roll

Transit Rolls

S

Exit choke

Entry choke -—

N

™~
No. 2 Conductor roll

No. 1 Conductor roll Quench tank

Figure 2-24: Schematic of flow-melt section
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The mixed resistive and inductive heating makes it easier to obtain stable melting conditions,
avoiding certain cosmetic coating defects.

Environmental considerations

Energy efficiency and energy losses.

2.4.9.7 Passivation treatments

Passivation is carried out by a chromating treatment, in order to reduce the thickness of tin
oxides formed during remelting. The treatment electrolytically produces a layer containing
chromium which prevents subsequent oxidation in air and also improves adhesion of the paint

layer.

The operation is performed in a solution of sodium dichromate

Steam drier

Wringer rolls

Rinse tanks
From flow melt
quench tank

Passivisation tanks

N

Recirculating tanks

Figure 2-25: Schematic of passivation treatment

Environmental considerations
General health and environmental issues for chromium passivation are described in Section
1.4.4.1.

Spent (used, out of specification) solution may be treated in a typical waste water treatment
plant or disposed of as hazardous waste.
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24938 Oiling

Prior to recoiling the treated coil, a thin film of lubricant is applied to the tin plate surface. This
film minimises subsequent damage by abrasion, facilitates sorting and aids subsequent
lacquering and printing operations.

A pure grade of either dioxyl sebacate (DOS) or acetyltributyl citrate (ATBC) is used. The oil
can be added by two methods:

o clectrostatically, where a negatively charged oil mist is driven away from similarly
charged repeller plates onto the surface of the strip;

e emulsion oiling, where a thin, uniform oil film is applied by flooding the surface of the
tin plate with a dilute oil-in-water emulsion.

The total oil levels on the strip range typically from 6.0 to 12.0 mg/m?.

2410 Continuous electrolytic chromium plating activities (electrolytic
chromium coating of steel - ECCS)

This is also known as tin-free steel: a low carbon, mild steel, coated equally on both sides with a
complex layer of metallic chromium and chromium hydroxides. The processes are described in
general in Section 2.2.1.3, along with the health and environmental issues. Figure 2-26 shows a
typical process line layout and Figure 2-30 gives a cross-section through a line. The chromium
plating of the steel strip is performed electrolytically in a chromic acid bath. The coating is
applied equally to both sides as a complex layer of chromium metal and chromium oxides. The
overall process is similar to the electrolytic tin process — the steel strip is passed through the
entry section of the line, cleaned, pickled and then treated electrolytically in a solution
containing chromic acid, rinsed thoroughly, dried, oiled and then recoiled.

A 4

A

Entry Entry Tension
° equipment looper leveller

Blackplate coil y
Pickling P Cleaning P Side
section N section N trimmers

h A
Pre-dip . Plating . Drag-out
tank " section " tank

F 3

F 3

r
@ -+ I_E)ut Exit looper Pl.atmg
equipment rinse

Chrome coated coil

Figure 2-26: Chrome coating line layout
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24101 Degreasing and cleaning

Cleaning is performed electrolytically in an alkaline bath (see Section 2.3.8) and sodium
hydroxide is generally used at concentrations of typically 50 to 90 g/l. Wetting agents and
chelating agents are also added to the cleaning agent to improve cleaning performance.

e sodium hydroxide 60- 65 %

e sodium phosphate 30-35%

e wettingagent 0-2%

e chelating agent 2-5 %.
Electrodes

Electrodes are made of mild steel plates. The polarity of the strip can be selected from anodic,

cathodic or any combination of the two. The polarisation of the strip can be achieved in two
different ways, either:

e Directly, where the strip passes over a conductor roll and then travels between two pairs
of mild steel electrodes. The current passes from the conductor roll via the strip and
electrolyte to the electrodes.

e Indirectly, by grid electrodes where the steel strip travels between two pairs of mild
steel plates which form two electrodes of opposite polarity. The current passes from one
pair of electrodes via the electrolyte and the strip to the other pair of electrodes.

See Figure 2.18: Electrolytic degreasing.

The temperature of the cleaning solution is kept constant by circulating the solution between the
cleaning tank and the storage tank with a steam heater coil.

Rinsing
This is thorough to avoid contamination of the pickle liquor pretreatment by the cleaning

solution. It is carried out by spraying heated water typically between 150 — 400 1/min.

Environmental considerations
Alkali fumes generated during cleaning are typically collected and scrubbed prior to release.

Spent cleaning agent and waste water from rinsing are sent for waste water treatment before
discharge.
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Figure 2-27: Typical arrangement of ECCS line

2.4.10.2 Pickling

Sulphuric acid is used for the pickling solution at concentrations of 60 to 115 g/l at ambient
temperature. See Sections 2.3 and 2.9.3.2.

Environmental considerations
Acid fumes generated during pickling are usually collected and scrubbed prior to release.

Spent pickling agents and waste water from rinsing are sent for typical waste water treatment
before discharge.

2.410.3 Chromium plating

See Section 2.5.3 for a general description of chromium plating and the health and
environmental considerations.

Pre-dip

Before chrome plating takes place, the strip is passed through a pre-dip tank. This is essential to
prepare the surface of the strip for electrodeposition and prevents stains and other surface
defects forming on the surface of the strip. It is carried out in a sulphuric acid solution of 0.3 —
0.5 g/l at ambient temperature.

Electroplating

The strip is passed through an electrolyte containing Cr(VI) ions, which are reduced
cathodically on the strip surface to form a duplex layer of hydrated chromium oxide and
metallic chromium. The current applied is determined according to the strip width, line speed,
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current efficiency and aimed film weight and flows from the insoluble electrodes to the strip
through the electrolyte, and then returns to rectifier through the conductor rolls.

The plating solution is pumped from a circulation tank, passed through a heat-exchanger and
then travels up into the bottom of the coating tanks, which contain inert anodes of lead-

antimony. It is overflowed from the top part of the tank and then returned to the circulation tank.

A typical plating electrolyte will consists of:

e chromic acid 110- 130 g/1
e hydrofluoroboric acid (HBFs) 0.30- 0.44 g/l
e sulphuric acid (H,SO4) 0.60- 0.80 g/1.

The hydrofluoroboric and sulphuric acids both act as catalysts: they improve the efficiency of
the plating process but are not themselves consumed in the process. In the US, the solutions are
more usually Cr/sulphuric acid only [73, BSTSA, ]. Temperature can have a marked effect on
the electrolyte efficiency; the solution is far more efficient at lower temperatures. However,
because the electrolyte is heated by the electric current passing through it, the temperature has to
be kept constant by the heat-exchanger which cools the solution. In operation the optimum
temperature of the electrolyte is 58 +/- 2 °C.

Environmental considerations
The health and environmental issues are described in general in 2.5.3.

Acid fumes are generally collected and scrubbed prior to discharge. The scrubbing solutions
may need treatment prior to discharge.

24104 Drag-out and rinsing

At the drag-out tank, electrolyte is spray rinsed away and the washings are returned to the
electrolyte circulation tank. This is connected to an evaporator where the diluted electrolyte is
concentrated and returned the process tank. The amount of spray rinse at the drag-out recovery
tank and the capacity of the evaporator are decided from the chromic acid concentration in the
effluent.

The chromic acid treated strip must be fully rinsed with water before drying, oiling and
recoiling. The strip is sprayed with hot water at the entry and exit ends of the rinse tank to
remove any carry-over of electrolyte or water-soluble constituents in the oxide film. Spraying is
carried out at 50 —60 °C with a flowrate of about 5000 — 10 000 /h. Spraying at higher
temperatures and pressures could damage the freshly formed film.

Environmental considerations
The health and environmental issues are described in general in Section 2.5.3.

Chromium and other electrolyte components may be recovered by countercurrent rinsing and
evaporation of drag-out.

Fumes generated during electrolytic plating and drag-out are collected by an extraction unit and
typically scrubbed prior to discharge.

2.410.5 Oiling

Prior to recoiling, a thin film of lubricant is applied to the chrome-plated surface. The function

of this film of lubricant is to minimise subsequent damage by abrasion, to facilitate sorting and
to aid in the lacquering and printing operations. A pure grade of either dioxyl sebacate (DOS) or
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acetyltributyl citrate (ATBC) is used. The oil is usually applied by an electrostatic oiler. See
Section 2.9.9.8.

The aim weight of oil film on the strip is 3.0 — 7.0 mg/m?

2411 Continuous electrolytic lead coating of steel

The only plant operating in Europe is due to close by 2005 or 2006. No specific information has
been exchanged. General information on analogous coil and jig processes can be used for the
majority of the activities and issues.
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2.5 Sheet processing for aluminium lithography plates

Substrates for lithographic plates (see Section 1.3.3) must be easily and cheaply prepared,
chemically resistant to acid and alkali solutions, and solvents in inks or for cleaning. They must
also be flexible for fixing to rollers, physically robust and stable in use for print runs of
thousands of copies, with a well defined microroughness and hydrophilicity for retaining and
spreading the dampening agent. Aluminium is the substrate of choice as it can be easily
prepared by the processes described in Sections 2.10.1, 2.10.2, 2.10.3 and 2.10.4. [118, ESTAL,
2003], [38, Ullmann, 2002/3]

251 Surface graining

Although the surface can be prepared mechanically, it is now more usual to use electrochemical
graining. The raw aluminium surface is first degreased (see Section 2.3) and then uniformly
corroded by using an AC treatment in dilute nitric acid, hydrochloric acid, or mixtures of these
with other acids. This process of graining is a type of pitting corrosion which attacks the entire
surface of the aluminium leaving a very uniform rough surface. The depth of roughness can be
controlled within wide limits (2.5- 9 um) by varying the electrical parameters. Both processing
speed and the uniformity of the resulting substrates depend on temperature, flowrate of the
electrolyte, geometry of the tank, and other parameters. Combination processes have also been
used in graining. In these processes, mechanical graining is followed by electrochemical
treatment.

Graining with wire brushes produces the lowest increase in surface area of the plate, and
electrochemical graining, the highest. This influences, not only the quality of reproduction and
the optical resolution, but also the printing properties (water spreading and length of run). The
finer the graining of an aluminium surface, the lower is the mechanical resistance. With wire-
brushed aluminium, a second hardening step is not required. However, an anodic oxidation step
is essential for electrochemically grained aluminium.

25.2 Anodic oxidation (anodising)

Anodic oxidation (as described in Section 2.5.13) involves conversion of the uppermost layer of
the aluminium workpiece to aluminium oxide, without affecting the surface topography
significantly. Two processes are in general use: sulphuric acid or a phosphoric acid electrolyte.
The former leads to smaller pores and thicker oxide layers than the latter.

In general, not more than 5g of oxide is produced per square metre; depending on the roughness
of the surface, this corresponds to a layer thickness of about 1 pm. The oxide formed during
anodising is X-ray amorphous and an extremely strong adsorbent. The properties of the
substrate are greatly improved during this step, i.e. the adhesion to the light-sensitive coating;
resistance of the surface to chemicals; its hydrophilicity, hardness and abrasion resistance, and
thus the potential of running length. However, the extent to which the aforementioned aspects
can be effective depends on process parameters and on the process itself.

253 Post-treatment

Post-treatment of the oxide with certain hydrophilising solutions has proved advantageous in the
production of pre-sensitised (PS) plates. The main purpose of this treatment is to improve the
hydrophilicity of the aluminium oxide surface. However, the adhesive properties, the ability to
be photo-developed and shelf-life of the plates are all influenced at the same time. Solutions of
the following substances have been proposed for this purpose: alkali silicates, phosphonic acids,
hexafluorometalates of group 4 elements (titanium, zirconium, and hafnium), heteropolyacids,
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oxy acids of pentavalent phosphorus, and hydrophilic colloids. All of these compounds coat the
surface of the aluminium oxide to generate a very polar covering layer, which improves the
hydrophilicity of the surface.

254 Coating and further processing

Preliminary treatment of the carrier is followed by in-line coating of the plate in a fully
continuous process. A solution of the components of the light-sensitive coating in a more or less
volatile solvent mixture is applied to the carrier in a defined wet film thickness. The coatings are
generally applied with a fishtail die, with a roller coater, or by spraying. The thickness of dry
coatings is 0.3 — 5 mm.

The line speed in modern plants is <I m/s. The length of individual steps is adjusted to this
process speed. After drying, the web is automatically inspected for coating defects. It is cut
apart, and defective plates are removed. Cutting of the plates requires special attention. Pre-
sensitised lithographic plates are available in many sizes up to about 3 m? (1500 x 2000 mm).

The finished faultless plates are stacked by using a suitable interleaving paper and packed in
lightproof wrapping paper (if necessary, after shrink-film packaging).

The shelf-life required for these pre-sensitised lithographic plates depends on the extent of their
distribution. Also, the more diverse the climatic conditions under which the plates are to be
stored and used, the more diverse are the requirements.
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2.6 Printed circuit board manufacturing

Printed circuit boards are the basis of electronic sub-assemblies. They are electronic circuits,
often complex, with the thin layers of tracking printed onto thin, non-conductive layers.
Components such as resistors, capacitors, semi-conductors, mounts for processing chips and
memory chips, etc. are added in subsequent operations (not described in this document).
Modern electronic equipment demands a very high tracking density which is achieved in
‘multilayers’ or ‘multilayer boards (MLBs)’ where multiple conductive layers (cores) are
separated by insulating layers called prepregs. A further development of this technique is the
HDI (high density interconnect) board. [73, BSTSA, |

Processing is a complicated set of individual operations and will vary to produce any specific
design of board. Over 40 activity stages may be used in the production of boards, although not
all of them will be used for any one board design. Some activities are waterless, such as drilling.
Many of these stages have little or no environmental impacts and are only described briefly in
the following sections.

In general, the base materials are phenolic paper, epoxy paper or epoxy glass laminates. For
special applications, ceramic materials, flexible or flex-rigid materials are used. The base
material is clad with copper on one or both sides, with a thickness usually between 5 and
105 pm, depending on design requirements. Copper plating is alse-essential in printed circuit
board manufacture. Metals other than copper may be occasionally used for specific applications,
such as aerospace. Examples of the construction of PCBs are shown in Figure 2.27.

The cores are laminated with prepregs, with copper foil outer layers. The cores and the copper
foil are patterned and processed in similar ways, and some stages may be repeated to complete a

complex multilayer board.

[Note to the TWG: This part was updated with Section 2.5.12 in the existing BREF]
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Figure 2-28: Examples of printed circuit board construction
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Over 90 % of European production is made by a subtractive method, where copper is removed
from the base layer to leave the conducting track. called a connect. Additive or semi-additive
processes, which lay down a conductive track are not used often, and are not described.

The following Figure 2.28 shows the production steps involved in creating a typical multilayer
board, as shown in Figure 2.35.

The overall process is complicated, with many of the steps being repeated.

The diagram shows first the ancillary operations essential to all PCB manufacture, such as
production of the design and preparation of phototools.

The inner layers are created, assembled and the outer layers created around them.
Holes (called vias) may be:

e Dburied: not visible from the outside and drilled in the inner layers;
e Dblind: visible from one side only and drilled from the outside;
e visible and drilled right through.

The holes may be plated on the inside (known as through-hole plating, abbreviated to pth) to
provide a connection between layers, see Figure 2.28. Non-plated holes are referred to as non-
pth.
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2.6.1 Preparatory operations
2.6.1.1 Design of board

The printed circuit design is normally developed on CAD software, including reference marks
such as locating holes for jigs to hold the board during the various processes such as drilling.
The design is transferred to an artwork template called a phototool.

Environmental considerations

Removing large areas of copper slows production, wastes etchant and increases waste and
copper concentration in effluents. Also, a PCB etches more consistently if all regions of the
board have the same ration of copper to bare substrate. Therefore designs may widen connects,
leave unconnected copper in place, or leave large areas of board covered with arrays of small,
electrically isolated copper diamonds or squares [139, Wikipedia, 2004].

2.6.1.2 Generation of phototools (photo lab)

There are two ways of applying a design to a PCB: screen printing or photo-printing. Phototools
are used in both processes and are made of polyester, or, for extremely high dimensional
stability and accuracy, glass. The images are either dia positive (the tracking is shown as a
positive image) or dia negative (the tracking is shown as a negative image). The phototools are
coated with silver-halide emulsion produced by two techniques, although the photo technique or
photo plotting have largely replaced screen printing technology.

Photo plotting uses laser plotters with high resolution to trace the design onto the film with an
accuracy of up to 15 um for trace and space. A development and fixation process follows in a
continuous horizontal line.

Environmental considerations

To use as much of the raw laminate as possible, multiple sets of small designs are generated on
the phototool by repeat processes. This will result in multiple images on each laminate panel
processed.

Film generation: due to the silver content, revenues can be generated of wastes originating from
films and developer solutions. Diazofilms, however, are disposed of, as they are not suited for

recycling. Alternative processes, such as direct imaging, are net-cemmereiathy—viable already
used in various installations across Europe [168, TWG, 2023].

When using the screen printing process sodium hydroxide solution, aldehydes, dispersions of
polyvinyl alcohols, toluene and xylene may be discharged into the effluents.

2.6.1.3 Screen printing

Screen printing is based on the well-known printing technique [90, COM 2020 ]. An ink-
permeable screen is stretched on a frame, degreased, rinsed and dried. A photo-sensitive
emulsion based on a silver halide and polyvinyl alcohol/acetate is applied and dried. The film is
cured with ammonium hydrogen dichromate. The image is applied and developed. If the screens
are used again, they are cleaned by an oxidative cleaning process using stripping solutions such
as enzymes, sodium hypochlorite, and periodate. Residues may be removed using toluene,
xylene or butyl acetate.

Due to higher resolution requirements for the track pattern, the screen printing process is
increasingly losing its importance against the photo printing process.
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Environmental considerations
Wastes cannot be recovered.

Water-based effluents may be treated if necessary.

Solvents may be used in cleaning the screens.

2.6.2 Production steps

2.6.

21 Mechanical and chemical preparation

Cut laminates to size

Prior to the application of the photoresist (see Section 2.11.2.3), the blank laminate has to be cut
or punched to size and shape, and preliminary holes drilled for locating and initial contact
through the board, see board design, Section 2.11.1.1.

The laminate is cleaned to remove the corroded copper surface. A pre-cleaning process provides
a clean face for subsequent treatments (as in Section 2.3.4), but for PCBs a level surface is also
essential for the high-accuracy circuitry. The cleaning processes are typically set up sequentially
in horizontal continuous production lines.

Cleaning
The copper surface is initially cleaned with NaOH or a mixture of tensides and acids (H3POs).
This is followed by three further processes [159, TWG, 2004]:

e Brushing

Brushing stations then roughen the board surface with roller brushes of bristles or non-
woven abrasives under a water spray to wash away the abraded copper. Bristles can also be
nickel silver or bronze. Problems caused by uneven wear can be overcome by oscillating
rollers. The surface roughness should be between 1.5 and 2.5 um. The subsequent adhesion
of dry or liquid resists depends on the number of grooves and pores per surface unit.

The surface is subsequently cleaned (usually on a conveyor system) by spraying in a rinsing
cascade (see Section 4.7).

e Abrasion

An inert pumice slurry (SiO, 72.0 %, Al,O3 13.0 %, K,O 4.2 %, Na,O 3.5 % (unknown
7.3 %) is sprayed at high pressure to restructure the copper surface to a surface roughness of
Rz = 1.6 to 1.9 um, rather than to remove copper. Following this treatment the surface is
rinsed under high pressure (10 bar) and subsequently dried.

e Chemical roughening or microetching

This is spray etching using either copper chloride or a pickle of an acidic sodium
persulphate, and for very thin inner cores, is the preferred method, as no mechanical damage
of the cores should occur. The persulphate pickle consists of approximately 100 ml/l
sulphuric acid and between 70 and 120 g/l sodium persulphate. During the microetch
process, the copper value rises continuously. The performance of the etchant is reduced as
soon as the concentration exceeds a value of approximately 30 g/l and the solution has to be
prepared afresh. During a batch process, the concentrate is either precipitated as copper
hydroxide slurry in an alkaline solution, pressed out and discarded as waste, or is recycled
electrolytically.

The surface is rinsed in a cascade followed by a drying process.
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Excess water is removed from the boards by squeegee rollers, and then residual humidity is
evaporated by an almost pressureless preheated airflow.

Environmental considerations
The effluent from the rinsing cascade may be treated through an in-line neutralisation module
prior to discharge.

Copper may be mechanically recovered by centrifuging or filtration, and this, coupled with
cascade rinsing, can enable recycling of the waste water, and near-closed circuit operation of
rinsing.

Where effluents are discharged, they can be treated in a typical waste water treatment plant.
However, it is important to remove as much particulate copper as possible at source, as the
copper can readily dissolve. If dissolved in acid solutions, it requires neutralisation, flocculation
and precipitation; if complexed, it can be more difficult to treat (see Section 2.13.1.1).

Laminate and PCB wastes and off-cuts can be collected by specialist companies for recycling of
the metals.

2.6.2.2 Drilling

In modern high density boards, holes are to be drilled as small as possible, often below 0.5 mm.
NC controlled single spindle machines are used, but are increasingly replaced by the
CNC/DNC controlled multi-spindle machines, as well as laser and the X-ray drilling machines
used to generate very high hole densities for HDI technology.

Multi-spindle CNC drilling machines have table constructions which are extremely warp-
resistant, relatively light and in addition fast to accelerate and to position. Spindles with air
bearings can achieve more than 100000 rpm with individually controlled Z-axis modules.

Environmental considerations

The compressors and air drives produce noise, often at high frequencies. Modern drilling
machines are usually contained in cabinets to reduce noise and maintain clean room working
conditions.

Wear resistant tungsten carbide drill bits are breakage resistant, and can be resharpened,
achieving high drill counts.

The swarf from drilling and routing is only generated in small quantities and cannot be recycled
as the metal content is too low.

Entry boards made of aluminium which are commonly used and drills (for which resharpening
no longer is possible) can be recycled 100 %. Drill-back boards are either disposed of or
returned to the manufacturer. Dusts generated in drilling and routing operations with a
remaining content of metals between 10 and 25 % are disposed of as wastes.

2.6.2.3 Generation of the primary image

There are two types of photoresist (or resist) used to produce the track image including the
reference marks on the laminates from the phototools (see Figure 2.27):

e liquid resist applied by roller coating;
e dry resist applied by lamination.

Inner layers for MLBs may be either structured by screen printing or by dry resist (dry film).
The pattern of the outer layers is generally structured by dry resist. In isolated cases, a third
process, screen printing, may be used. For photo-printing the three process steps are coating
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(liquid or dry), exposure and developing. These process steps may be automated and conducted
in a continuous process.

Coating

During the first step, the pretreated surface is coated with a photosensitive layer (photo resist)
which is available either as liquid resist or as dry resist. For the coating, two different important
processes are available: roller coating for liquid resists and lamination for dry resists. Table 2.3
shows the advantages and the disadvantages of both systems.

Table 2-3:  Comparison of resist layer types for primary imaging
Process Advantages Disadvantages
Low film thickness (approximately [Risk of pinhole formation
2- 12 pm)
Lower pollution in effluents due to [Contain more than 50 % VOC-based solvents which
Roller- lower material usage may require reduction under Solvent Emissions
coating Directive
(liquid High yield from material used Potential problems during ultrafiltration of effluents
resist) from developer and stripper

Lower investment Higher energy requirement

Low under-etching of copper Risk of involuntary bonding of inner layers

Lamination [No pinholes
(dry resist)

Constant coating thickness because |[Film thickness is generally 37.5 pum, more resist
of dry film removed creating more effluents and resist waste

Higher investment

Low energy consumption as no drier
is needed

No VOC emissions

[122, UBA, 2003]

Roller coating (liquid resist). The liquid resist consists of acrylates, photo-initiators and
fillers and is dispensed through a metering gap and spread under pressure by a
corrugated rubber roller onto the surface of the laminate. Because of the corrugation of
the roller, the contact pressure and the solid content of the liquid resist, the coating
thickness is adjusted to a thickness of between 2 to 12 um. The resist is continuously
filtered and monitored in its viscosity while being circulated through a storage tank. The
condition of the rollers is important as damaged rollers produce defective coatings. The
inner layers are coated on both sides and then dried with on-line infrared driers. The
conveyor speed is about 2 — 4 m/min with a high yield from the liquid resist. Material
losses occur only during the cleaning of the equipment or when changing the resist.
Lamination (dry resist) (Figure 2.30). Dry resists are structured in several layers. In
clean room conditions with only yellow light, the photo sensible emulsion is applied by
curtain coating on a polyester carrier foil of 25 pm thickness, dried and covered with a
polyethylene protective layer. This sandwich can be rolled onto a paper or a plastic roll
core from which it is laminated to the surface of the inner layer. Either manual or fully
automatic laminators are used, the centre core of which is the roller system. Principal
factors influencing the process are: laminating rollers with an aluminium core to
maintain dimensional stability, temperature, contact pressure, waviness of the laminate
surface, laminating speed and the pretreatment method of the copper surface.
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Figure 2-30: Application of dry resist

Exposure

The image is photo-printed onto either type of photoresist— either manually or automatically- in
imaging equipment in clean rooms under amber light conditions. In Figure 2.30, the phototool
(see Section 2.11.2.3) is exposed to UV light which passes through the transparent areas of the
phototool, and polymerises the monomer components of the resist by cross-linking. The

resulting polymer is resistant to the following development process.
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UV-radiation
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conductive pattern

Exposure

The resist is exposed by UV-radiation
through a photo tool:

The light areas of the photo mask
allow the UY radiation to pass.

The resist layer beneath is exposed
and polymersed

The dark areas of the photo mask
preventthe UY radiation penetrating to
the resist layer, which remains
unpolymerised.

Photo tool solder side,
conductive pattern

UVradiation Non-imaged layer
dry resist

Figure 2-31: Exposure of resist

Developing

The laminate (resist) is developed by spraying with a sodium carbonate solution while passing
along horizontal continuous line. This step exposes the final track pattern (tracks, pads with
holes, pads for SMDs (surface mount device) and ground planes for the following process
(Figure 2.32).

Exposed dry resist

Development
{sel ective removal of the non-exposed resist layer)

The resist areas which have not been exposed
to UV radiation are removed hy a solution of
sodium bicarbonate. The area that has been
exposed to UY radiation remains adhered to
the copper surface.

The resist which remains on the surface shows
a negative image of the primary image and,
therefore, comesponds to the non-conduclive
pattem of the finished PCB.

negative resist + photo tool = hegative image
{dry resist) {(warking film) (imaged layers of dry resist)

Figure 2-32: Development of resist

The typical development line consists of the main development chamber, followed by a smaller
chamber(s) with fresh sodium carbonate supply. This enables the panel surface to be rinsed with
clean development solution, reducing the drag-out of contaminated solution into the following
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fresh water rinsing zone. The development chamber may be equipped for the first 60 % with
cone nozzles and for the remainder with fan jet nozzles. The manifolds are equipped with an
oscillation to bridge the mechanical effect of the spray nozzles and a better exchange of
solution. The fan jet nozzles are to be installed at an angle of approximately 30- 40° transverse
to the direction of the process. In case of multiple nozzle bars, these may be installed against
each other.

Screen printing process

In isolated cases non-pth PCBs are still manufactured using screen printing technology. The
copper surface of the panel is coated with a special ink applied through a screen, described in
Section 2.11.1.3. The exposed copper surfaces will be removed during the following etching
process. The pattern is finished; although further processing with solder mask can follow (see
Section 2.11.2.11). Screen printing inks may be removed either by solvents or sodium
hydroxide solution.

Environmental considerations
Table 2.3 sets out the advantages and disadvantages of the two layer coating techniques.

Liquid resists contains more than 50 % solvents that evaporate causing VOC emissions, which
may require reduction by the Solvent Emission Directive [97, EC, 1999, TWG, 2004 #159].

The exposure stage generates no waste or waste water. Cooling water can be recirculated. The
development stage can use successive static rinses of developer to reduce drag-out, and use of
fresh rinsing water (see Section 4.7).

Removed resist can be filtered from the effluent from the developer stage.

Screen printing inks that have to be removed (stripped) by halogenated solvents can now be
substituted by alternatives.

Process tanks are usually equipped with fume extraction and scrubbing to remove generated
aerosols.

Waste water s may need treatment including neutralisation and settlement.

Packing and protection of dry resists generates significant volumes of waste. Different types of
plastic are used, making separation and return difficult. Some material may be separated and
returned for recycling. Due to the elaborate packing requirements, a return to the suppliers is
generally not possible. It is possible to minimise the incurring wastes by using liquid resists for
inner layers.

26.24 Plating through holes (pth, through hole plating)

Plating through the holes provides electrically conductive connections between the conductor
tracking planes on both sides of a double sided board or between the multiple tracking planes of
MLBs. There are usually three stages, desmearing, activation and electroless (autocatalytic)
copper plating. However, there is a tendency to replace autocatalytic copper by direct plating
(see environmental considerations at the end of this section).

Note: do not confuse this process with through hole construction, which is a type of PCB
construction where the wires of components are placed through holes drilled through the board.
This has now largely been superseded by surface mounted components.

Desmearing- removal of the smear film
The high drilling and advance speeds cause the drill bits to heat up, causing the drilled polymer
residues to smear as films in the barrel of the holes. It is essential to remove these residues or
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there will be poor adhesion of the metal layer to be deposited. Remaining residues may also lead
to later problems by vaporising during the soldering process (out-gassing).

The desmear process is best accomplished by using either potassium or sodium permanganate in
several working steps:

degreasing with phosphoric acid;

deburring with abrasive rollers;

swelling with sodium hydroxide, butyl diglycol and additives;
permanganate process with permanganate and sodium hydroxide;

cleaning process with hydrogen peroxide to prevent undesirable reoxidation.

The etch-back process using concentrated sulphuric acid (96 %) is being superseded by the
permanganate process.

A plasma etch process exists but is rarely used.

Table 2-4: Comparison of desmearing processes

Process

Etch-back (less
frequently used)
Horizontal in-line module

Plasma (rarely
used)
Vacuum chamber

Desmear (frequently used)

Equipment used Horizontal in-line module

Operation Continuous Continuous Batch process
. Potassium permanganate, Sulphuric acid
Medium alkaline (96 %) O,/F»/HF/Freon
. e Resin-solvent, . .
Reaction type Oxidising sulphonating Radical reaction

Fluorinated surface

Residues Potassium permanganate Dissolved resin (sludge) ‘ash’
Speed of action Fast Fast Medium to slow
Number of process 3_4 2 2-3
steps
Effect on adhefsmn None Strong Medium
glass fibre/resin

i Polyacrylates,
Suitable for Epoxy Epoxy polyester, epoxy
Adhesion of low built Good Satisfactory Adequate
copper
Adhesion of high Satisfactory Inadequate Problematic
built copper

[122, UBA, 2003]

Environmental considerations
Table 2.4 compares the processes and residues.

Activation and electroless (autocatalytic) copper plating
See Section 2.5.8.

Direct plating
In direct plating, a conductive polymer layer is applied instead of a copper layer. The usual
processes are based on either polymer-carbon or palladium deposition.

The following list shows the sequence and conditions of one of the possible processes (DMSE,
direct metallisation system evaluation):

e DMSE conditioner 60 °C, 3to5Sml/l
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e rinsing ambient temperature
e oxidative conditioning (KMnOs, NaOH) 90 °C 50 g/l of each
e catalysing (catalyst DMSE) 20°C 65 %

e fixing (H2SO04) 20°C 100 g/l

e drying high temperature.

During the first process steps (conditioning with subsequent oxidation with potassium
permanganate) manganese dioxide is formed. Manganese dioxide reacts with a monomer
compound (a thiophene derivate) during catalysis. In the fixing bath, the sulphuric acid causes
the monomer compound and manganese dioxide to react to form a conductive polymer layer.
This layer serves as a conductive layer during the subsequent electrolytic copper plating
process.

Environmental considerations

Autocatalytic copper baths have a limited lifetime before they require complete replacement.
Disposal of the baths is difficult (see Section 2.5.8). They are difficult to use, inherently
unstable and use formaldehyde and complexing agents including EDTA, which are carried over
in waste waters. While autocatalytic copper, especially with EDTA, was being replaced by
‘direct plating’, the high technical standards required for modern HDIs has lead to a resurgence
in the use both of the autocatalytic process and the use of EDTA. However, the use of direct
plating is increasing again, and about 60 % of the autocatalytic copper baths have been replaced
by direct plating [122, UBA, 2003].

Desmearing has used chromium salts. However, they can now be substituted with potassium or
sodium permanganate (see the direct plating process description in the paragraph above).

The direct plating baths containing complexing agents have to be batch treated or segregated
and treated separately. Rinse-waters containing palladium are treated to extract the metal. The
rinsing water can be countercurrent cascade (see rinsing, Section 4.7). After dealing with the
complexing agents, effluent may treated in a typical waste water treatment plant. The hydroxide
sludge may be recycled as it has a high metals content (see Section 4.17).

2.6.2.5 Electroplating of conductive pattern
Following the structuring process of the primary image, electroplating processes are used for:
e build-up (increasing of layer thickness) of conducting structures (primary image);

e protection of a copper surface against the etching medium (etch resist);
e plating of contact fingers with precious metals.
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Electro plated copper deposit

Electro plating of copper

All surfaces not covered with
resist are electroplated with

a layer of 20 pm copper.

The remaining resist prevents
the electro plating of areas which
still are covered. For this reason
itis called ‘plating resist’.

Figure 2-33: Copper electroplating

Pre-cleaning, deoxidation and acid

The panels that so far have been processed either by screen or by photo printing are now treated
to eliminate any residues of grease, finger prints, etc.(see Section 2.3) They are first pre-cleaned
in acidic, in alkaline or in neutral solutions. The open copper surface (conductive pattern) is
then deoxidised either with sodium persulphate solutions or sulphuric acid/hydrogen peroxide
solutions. Between 0.5 and 1 um copper are removed. The copper surface is finally acid dipped
to provide a freshly activated surface for plating.

Electrolytic deposition of copper

Generally, the primary image is built up by a minimum of 20 um on top of the base copper
surface where the surface is not protected by the plating resist, see Figure 2.33 (proportionately
less within the barrel of the holes). For details, see Section 2.5.1

[Note to the TWG: The part below was moved from Sections 2.5.12 and 2.5.8.3 in the existing
BREF]

An important technical application of acid copper electrolytes is for through-hole, panel and
pattern plating of printed circuit boards and multilayers. Sulphuric acid enhances the
conductivity, the macro-throwing power and provides fine crystalline and ductile layers. In such
electrolytes, the concentration of sulphuric acid is in the range of 180 — 200 g/I and the copper
concentration is 20 g/l. Pyrophosphate electrolytes can also be used for through-hole and panel
plating of printed circuit boards and multi layers, but are currently substituted mainly by acid
copper electrolytes.

Autocatalytic copper plating is still a key process in printed circuit boards. High purity deposits,
usually only of gold, silver and tin, are also widely used on printed circuit boards. Thickness
does not exceed 0.1 — 0.2 um. [121, France, 2003]

For printed circuit boards, the environmental considerations for gold and silver are as for tin
[73, BSTSA, ] (see Sections 2.5.6 and 2.5.7) Tin concentrations are low, and are treated in a
typical waste water treatment plant.

Etch resist — tin electroplating
In order to protect the electroplated primary image against the attack of etching media the
copper surface is covered with a tin layer (Figure 2.34), described in Section 2.5.6.
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Plating of tin (etch resist)

A tin depositis plated on top of the
previously electroplated copper deposit

Tin deposit ";‘\"‘;b_

Figure 2-34: Tin electroplating

Electroplating with gold or other precious metals
Contact fingers for plug connectors are frequently gold plated. In rare cases, they are finished
with rhodium, ruthenium or palladium. See Section 2.5.7.

Environmental considerations

Electrolytes for etch resists were generally based on lead- and tin fluoroborate solutions. Several
Directives restrict the use of lead in products, and by 1 July 2006 lead additives in electroplating
baths for PCB production will removed to use 100 % tin depositions. (The Directives are:

e the End-of-Life Vehicles (ELV) Directive [99, EC, 2000];
e the Waste Electrical and Electronic Equipment (WEEE) Directive [96, EC, 2003]; and

e the Directive on the Restriction and Use of Certain Hazardous Substances in Electrical
and Electronic Equipment (ROHS Directive) [98, EC, 2003]).

In order to satisfy customer requirements for niche products (reflow boards) with 10 pm
deposits of tin/lead (60/40 %) electrolytes are still used, but with reduced lead content.

The manufacturers of PCBs and their chemical suppliers are in a position to change to lead-free
electrolytes rapidly.

Chemical coppering may be replaced by palladium, graphite or conducting copolymers, which
are so-called ‘clean technology’ techniques.

To prevent deterioration of the workplace atmosphere, process tanks may be equipped with
fume extraction to remove generated aerosols.

Effluents may require treatment in a waste water treatment plant. These treatments include
filtering, neutralisation and settlement.

2.6.2.6 Inner layer bonding adhesion

Oxide processes have been commonly used and are described below. However, other processes
are now emerging (sometimes referred to as oxide alternative treatments). One type creates a
copper azole complex at the surface. Developments of these processes are rapid and driven by
ever-increasing higher technical requirements [159, TWG, 2004].
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The copper surface on inner layers is oxidised to Cu(I) to improve the adhesion between cores
and prepregs and to prevent subsequent delamination (separation of multilayer boards). The
oxide layer of 0.5 — 5 um is formed by one of two processes:

e the brown oxide process is most commonly used and consists of hydrogen peroxide,
organic additives (for passivation) and chloride (in mg quantities only), running at
30 °C;

o the black oxide process is carried out in a solution of sodium phosphate (Na;POs),
sodium hydroxide (NaOH), and sodium chlorate (NaClO,) or hypochlorite (NaOCl) at
80 °C.

Effluents can be minimised by ensuring the concentration of the individual components is
maintained by additions equalling the evaporation rate.

Thorough rinsing is necessary after the process (see Section 2.4).

Environmental considerations

The brown oxide process is increasingly used as it runs at lower temperatures and does not use
chlorate or hypochlorite.

The process may need air extraction.

Effluents can be minimised (see above) and treated in a typical waste water treatment plant.

A new bath is made up at approximately 24 months intervals, and can be discarded after batch
treatment by alkaline precipitation.

Oxide alternative treatments reduce consumptions of chemicals and water and generation of
waste.

2.6.2.7 Lamination

Both the laminates and the insulating layers (the prepregs) have to be bonded strongly and using
oxidised copper surfaces (see Section 2.11.2.6) prevents delamination of the finished board. The
pre-oxidised cores of the multilayer are laminated with bonding sheets (prepregs) and copper
foils (outer layers), see Figure 2.35.

The prepregs are shaped sheets of pre-polymerised epoxy resin reinforced with glass fibre. They
liquefy under the influence of pressure and temperature and bond with the inner cores.
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Figure 2-35: Schematic of a multilayer board

The principal working steps for the lamination process are:

lay up (registration) in the lay-up station;
lamination in a vacuum press;

destacking of the lamination tool;

trimming of the flash on the rim of the MLB.

Environmental considerations

Offcuts from laminating and trimming can be recycled to recover the metals via specialist
companies.

2.6.2.8 Resist stripping

After electroplating, the photoresist film has served its purpose of defining the circuit image and
is, therefore, completely removed from the board surfaces (Figure 2.36).
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Copper layer

Stripping of dry film

The dry film which was
cross-linked by UV radiation is
dissolved in NaOH solution and
removed. This exposes the copper
layer heneath; the structure of the
primary image which was not
masked with plating resist

is now covered with tin.

Tin layer

Figure 2-36: Stripping of dry film

Resist strippers are designed to strip fully both aqueous dry film and liquid photoresists. The
resist strippers have been formulated in order to remove the resist rapidly without attacking the
copper or the tin/tin-lead. Controlled swell characteristics minimise lock in between fine tracks.

e typical operating temperature 30 °C [159, TWG, 2004];

o dwell time approximately 60-120 seconds;

e solution dilute alkali (NaOH or KOH 10- 20 g/1) with organic
additives such as butyl glycol or butyl diglycol,
although in Germany systems are often run without
organic additives [159, TWG, 2004].

Environmental considerations
Copper emissions, and COD from the soluble organic additives.

The stripper breaks down the film into large particles, which are easily removed from the
effluent by filtration. The effluent may be concentrated using filtration and evaporation, with
distillate being sent to waste water treatment (for COD) and concentrate being managed as a
hazardous waste.

To prevent deterioration of the workplace atmosphere, process tanks may be equipped with
fume extraction to remove generated aerosols.

Waste waters may require treatment in a treatment plant. These treatments include filtering,
neutralisation and settlement.

2.6.2.9 Etching
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Etching is undertaken to completely remove the base copper thus leaving only the circuit pattern
which is protected by the tin/tin-lead deposit (etch resist), see Figure 2.37. Typically, modern
etchants will remove copper at 5 to 50 microns per minute at 50 °C.

The type of etchant used, the equipment in which it is used and the rate of etch is of great
importance, as they all influence the amount of undercut that occurs. The undercut is where
copper is dissolved from beneath the metal etch resist, producing an overhang of the metal
resist.

Tin layer
(etch resist)

Etching

The exposed copper layer is
removed by the etching solution.

The copper covered by tin is
protected against the attack of
the etching media and remains
intact.

Figure 2-37: Etching

The following etchants are in use:

e Aammoniacal etchants: ammonium salts (chloride, sulphate, carbonate): PCBs that have
been made resistant by deposited metals, i.e. tin (metal-resist technology) are almost
exclusively used in this process, and it is frequently used. Atmospheric oxygen acts as
an oxidising agent.

e Aacidic etchants: copper(I) chloride solution used as a starter solution
(approximately 30 g/l Cu), attacks metallic copper in the presence of HCI and forms
copper (I) chloride (CuCl). In the presence of hydrochloric acid (200 — 240 mg/l) and
hydrogen peroxide, the inactive copper (I) is oxidised to copper (II). It is used for inner
layer etching, single-sided, double-sided and multilayer non-pth boards.

e Hhydrogen peroxide/sulphuric acid are used for micro-etching and as a replacement for
persulphate sulphuric acid.

e Aacidic, ferric chloride (FeCls) is now rarely used.

Etching is performed predominantly in horizontal in-line installations. Those PCBs that have
been made resistant by deposited metals, i.e. tin (metal-resist technology), subsequently are
almost exclusively processed in ammoniacal etchants. The bases are ammonia compounds like
ammonium chloride, ammonium sulphate and ammo-nium carbonate. Aerial oxygen serves as
oxidation agent. The etching solution has the following parameters [159, TWG, 2004]:
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e pH: 8.0-9.5;

e temperature: 20- 45 °C;

e copper: 145- 170 g/l;

e halide: 235-265 g/l; content of chloride 4 — 4.5 mol/l;
e redox potential: about 600 mV.

Ventilation is likely to be required to remove ammonia and achieve a comfortable work
environment, as well as meeting health and safety requirements. A controlled balance is
necessary. Excessive ventilation will reduce pH and ammonia levels; insufficient ventilation
will allow excessive fumes and an increase in pH and ammonia. Ideally, the ventilation should
be dedicated to the etch line only.

Environmental considerations
Processes are available to recover significant amounts of copper and minimise etchant top up as
well as storage and transport of hazardous solutions.

Where ammonia etchant is used, process tanks may be equipped with fume extraction to remove
generated aerosols and fumes to maintain the workplace atmosphere within health and safety
levels. Fume extraction may require scrubbing, which will increase ammonia levels in the
effluent.

Effluents may require separate treatment prior to a typical waste water treatment plant,
depending on etchant chemistry.

Etching solutions are generally returned to suppliers or external companies for processing. This
involves exchanging used bath solutions for new ones, with handling and storage. Internal
reprocessing may be possible with additional recycling modules.

Acidic etching solutions: generated concentrates in the acidic etching process (hydrochloric
acid, copper chloride and hydrogen peroxide) are recycled by external suppliers or contractors.
By optimum management of all parameters and by enriching the copper, these wastes can be
sold. The regenerated hydrochloric acid can be re-used in the process. Other methods of
recycling have not proven to be successful.

Ammonia etching solutions: processes are available to recover significant amounts of copper
and minimise etchant top-up as well as storage and transport of hazardous solutions, see Section
4.15.7.

2.6.2.10 Tin stripping

This process is now typically undertaken in a horizontal mode as a two-stage tin lead stripping
technique. The first stage strips to the intermetallic layer, then the second stage strips the
intermetallic layer thus leaving a blemish-free copper surface. Hydrogen tetrafluoroborate, tin
fluoroborate or nitric acid solutions are used:

e stage 1: temperature and immersion time 25 — 35 °C for 20 — 60 seconds;
e stage 2: temperature and immersion time 25 — 35 °C for 10 — 30 seconds.
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Finished primary image in copper

Stripping of tin

The tin layer that serves as etch
resist is removed with asolution
containing nitric acid.

Thefinished copper is in the
primary image with the

pth {through hole-plated)
holes is remaining.

Non-pth hole

pth hole

Figure 2-38: Stripping of tin resist

Environmental considerations
To prevent deterioration of the workplace atmosphere, process tanks may be equipped with
fume extraction to remove generated aerosols.

Waste waters may require treatment in a treatment plant. These treatments include filtering,
neutralisation and settlement. Internal reprocessing has not proven effective for the quantity of
metal recovered.

2.6.2.11 Application of solder mask

After the stripping of the etch resist, the unprotected copper surfaces on the PCBs needs
protection from corrosion, and from solder bridging (solder making unwanted connections
between tracks) during the soldering process when components are added to the board. All
copper portions which are not required in the assembly process are covered with an insulating
resin matrix (see Figure 2.39 and Figure 2.40). Several methods are available, the most
important ones being screen printing and curtain coating.

Screen printing is described in Section 2.11.1.3. The difference here is that a solder mask is
applied. However, this technique is not normally used for high volume production.
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Solder resist

Coating of solder mask

After the etching process a protective
coating is applied, covering tracks
and pads not needed for soldering.

This coating is called ‘solder mask’
and applied either by screen printing
or by curtain coating.

Nonpth hole

pthhole

Figure 2-39: Coating with solder mask

Curtain coating is more efficient and used for high production volumes. The panels are passed
on a horizontal belt (at approximately 20 m/min) through a curtain of solder mask. After it is
tack cured it is exposed through a photo stencil (similarly to etch resist, see Section 2.11.2.5).
As in developing etch resist, the non-exposed surfaces are selectively stripped in a developer
solution of sodium carbonate or ethyl glycol: aqueous alkaline masks are increasingly used. The
panels are then rinsed, dried and cured in line, see Figure 2.39.
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Figure 2-40: Curtain application by and curing of solder mask

Environmental considerations

Residues originating from developing photosensitive inks and masks are disposed of. The
containers in which lacquers have been supplied may still have residues of their contents after
emptying. These containers may be collected for recycling.

2.6.3 Additional surface finishing activities

There are several surface finishes: Hot Air Solder Level (HASL), Organic Solderability
Preservative (OSP), Electroless Nickel Immersion Gold (ENIG), Immersion Silver (ImmAg),
Immersion Tin (ImmSn), Reflowed Tin/Lead, Electrolytic Nickel Gold, and Electroless
Palladium. Some of these are described below and in Sections 2.2.1.8 and 2.2.2.2. The selection
of which steps are applied depends on specifications and subsequent process requirements.. As
this industry develops rapidly, further information can be found on industry websites. [159,
TWG, 2004].

The application of a solder mask leaves areas (called pads and lands) for the surface mounting
of components. These surfaces need protecting, usually by Ni/Au, if the soldering of
components is not carried out immediately.
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Solder resist

Solder and HAL
{hot air levelling)

On SMT pads and lands a
solderable surface of tin {1ead)
is applied at a temperature of
187 °C.

During the assembly
process, the components are
soldered onto the HAL surface.

Altemative processes are NijAu,
electroless Sn, Ag or organic
passivation.

Figure 2-41: Hot air levelling

2.6.3.1 Solder application

This is also called Hot Air Leveling (HAL) or Hot Air Solder Leveling (HASL). After pre-
cleaning (degreasing, deoxidation and drying), the boards are immersed in a flux (rosin) bath,
followed by dipping in a eutectic tin-lead bath at approximately 240 °C. The molten tin-lead is
blown out of the holes under high pressure. This hot air knife levels the tin-lead deposit, with a
thickness of about 1 —25 pm., as in Figure 2.41. The boards are rinsed and dried.

Environmental considerations
Rinsing produces effluents containing thermally cracked fluxes and therefore has a chemical
oxygen demand.

Fume extraction may be required.

The replacement of tin-lead solder used in the HAL process will be finalised by 1 July 2006 to
meet the requirements of the ELV Directive [99, EC, 2000] and the ROHS Directive [98, EC,
2003]. Alternatives are either lead-free solders or electroless plating of tin, nickel/gold or
organic substances, which protect the metallic copper of tracks and holes from dirt and
oxidation and maintain their solderability.

The resulting dross and solder has a commercial value and is returned to the suppliers for
external processing.
2.6.3.2 Nickel gold and/or tin

After surface preparation, a layer of electroless nickel is applied (see Section 2.5.8), followed by
an immersion gold coating (see Section 2.5.9) [159, TWG, 2004].

Environmental considerations
Precious metals can be recovered.
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2.6.3.3 Organic passivation

Organic passivations are increasingly used on horizontal moving lines. A protective layer of
0.2 — 0.3 um is deposited out of a solution of acetic acid, imidazole derivates and ammonium
compounds. This layer is removed by a flux immediately prior to the soldering process.

Environmental considerations
Rinsing waters and concentrates can be treated in a waste water treatment plant. Prior separation
and/or treatment may be required to prevent complexes being formed with metals.

2.6.3.4 Other activities — Stripping (de-metallising) racks and plating
baskets

The plating racks and plating baskets must be regularly stripped of metal build-up (see Section
2.3.9). Carriers used in electroless copper plating are usually stripped in sodium persulphate
solutions. Metal carriers which have been electroplated with copper and tin are stripped
chemically, very often with nitric acid or in an anodic process.
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2.7 Semiconductors manufacturing

2.71 Wafer manufacturing

Wafer manufacturing is a foundational process in semiconductor fabrication, involving the
production of thin, flat discs of silicon known as wafers. These wafers serve as the substrate
upon which semiconductor devices are built. The manufacturing process begins with the
extraction and purification of silicon, which is then melted and solidified into cylindrical ingots.
These ingots are sliced into thin wafers using precision saws, and the resulting wafers undergo
rigorous cleaning and polishing to achieve a smooth and defect-free surface. Following surface
preparation, the wafers are subjected to various processing steps such as doping, lithography,
etching and deposition to create intricate patterns and structures that form the basis of
semiconductor devices. Wafer manufacturing requires precision and consistency to produce
high-quality wafers with uniform properties, ensuring the reliability and performance of
semiconductor devices in diverse electronic applications. (ESIA contribution to [170, TWG,
2023])

2.7.2 Front-end operations
2.7.21 Deposition

Depositing materials plays a crucial role in the fabrication of semiconductor devices. When
adding new layers, they can align epitaxially with the exposed crystalline surface. This process
relies on precise control of the absorption and desorption rates of the depositing atoms in order
to selectively grow the layers in desired regions. Conversely, non-epitaxial deposition can yield
polycrystalline and amorphous layers, conformally covering the entire exposed surface.

PVD

Physical vapour deposition (PVD), also known as sputter deposition, involves a physical
mechanism wherein material from a target is ejected onto a nearby wafer in a vacuum. The
deposited material can be of very high purity and does not require a chemical reaction for the
deposition to take place. Usually, a metal cathode, electrically grounded, serves as the target
within a vacuum chamber. Argon gas is introduced into the chamber, becoming positively
ionised and propelled toward the cathode target. Upon ion impact, metal atoms are dislodged
from the target, ultimately depositing onto the surface of a nearby wafer.

CVD

Chemical vapour deposition (CVD) involves the delivery of atoms through gases passing over
the wafer surface within a heated chamber in a rarified gas medium. Upon contact with the
wafer, these transport gases trigger chemical reactions, leading to the deposition of new
material. The gas composition can determine the deposition of thin semiconductor layers, such
as silicon with controlled dopant amounts, or insulators like SiO,. CVD operates as a
heterogeneous reaction comprising three primary steps: transport of the species (kinetic and
diffusive), surface reaction, and removal of by-products. The rate of deposition is controlled by
the rate of arrival of reactants, the surface reaction rate, and the rate of removal of by-products.

ALD

Atomic layer deposition (ALD) is a thin-film deposition technique capable of creating
conformal layers ranging from angstroms to nanometers in thickness. Unlike CVD, ALD relies
on a series of alternating self-limiting chemical reactions occurring on the wafer's surface.
During each step, the wafer is exposed to gas precursors until the surface reaction for a single
atomic layer is fully completed. Subsequently, a second set of self-limiting precursors is
introduced to the newly formed surface to facilitate the buildup of another atomic layer atop the
first.
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Molecular beam epitaxy (MBE) is an atomic deposition process performed in an ultra-high
vacuum.
(ESIA contribution to [170, TWG, 2023])

2.7.2.2 Coating application (photoresist)

The purpose of photoresist application is the establishment of a thin, uniform, defect-free film
of photoresist on the wafer surface. This requires sophisticated equipment and stringent
controls. The usual methods of applying thin layers of liquids to surfaces are brushing, rolling
and dipping. None of these methods are adequate to achieve the resist film quality necessary for
photomasking. The method used is spinning and the processes are designed to prevent or
minimise the build-up of a bead of resist around the outer edge of the wafer. (ESIA contribution
to [170, TWG, 2023])

2.7.2.3 Photoresist exposure (lithography)

Photolithography is a pattern transfer process similar to photography and stencilling. First, the
pattern on the reticle or mask is transferred into a layer of photoresist. Then, the image is
encoded in the photoresist layer from an exposing light or other radiation source. Exposure to
light causes changes in the structure and properties of the photoresist. (ESIA contribution to
[170, TWG, 2023])

Photoresist development

After the wafer completes the alignment and exposure step, the device pattern is coded in the
photoresist as regions of exposed and unexposed resist. The pattern is developed in the resist by
the chemical dissolution of the unpolymerised resist regions. Development techniques are
designed to leave on the resist layer an exact copy of the pattern that was on the mask or reticle.
(ESIA contribution to [170, TWG, 2023])

2.7.2.4 Etching
(ESIA contribution to [170, TWG, 2023])

Etching is the process of removing the top layer(s) from the wafer surface through the openings
in the resist pattern. Etching processes fall into two main categories: wet and dry. The primary
goal of each is an exact transfer of the image from the mask/reticle onto the wafer surface.

2.7.241 Wet etching
(ESIA contribution to [170, TWG, 2023])

Wet chemical etching operates through three fundamental stages: initial diffusion of reactants to
the reacting surface, ensuing chemical reactions at the surface, and subsequent removal of by-
products via diffusion and evacuation. The etch rate, representing the quantity of film removed
through etching per unit of time, is impacted by factors including the concentration of the
etchant in the solution, liquid agitation, and the temperature of the etchant solution. Wafers are
immersed in a tank of an etchant for a specific time, transferred to a rinse station for acid
removal, and transferred to a station for the final rinse and spin dry step.

2.7.24.2 Dry etchning

Dry etching refers to the use of gases as an etch medium so that wafers are etched without wet
chemicals or rinsing. The wafers enter and exit the system in a dry state. There are three dry
etching techniques: plasma, ion beam milling, and reactive ion etch (RIE). Dry etching
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techniques encompass a variety of methods such as plasma etching, reactive-ion etching (RIE),
sputter etching, magnetically enhanced RIE (MERIE), reactive-ion-beam etching, and high-
density plasma (HDP) etching. These methods have been engineered to ensure precise
replication of mask patterns by inducing highly anisotropic etch rates, with minimal lateral
etching compared to vertical etching. Achieving this involves applying directional bias to the
etchants, frequently by generating plasma within a low-pressure gas environment. (ESIA
contribution to [170, TWG, 2023])

2.7.2.5 Photoresist stripping

After etching, the pattern is a permanent part of the top layer of the wafer. The resist layer that
has acted as an etch barrier is no longer needed and is removed (or stripped) from the surface.
(ESIA contribution to [170, TWG, 2023])

2.7.2.6 Doping - Diffusion

Thermal diffusion is a chemical process in which the wafer is heated to around 1 000 °C and is
exposed to vapours of the proper dopant (impurities). Dopant atoms in the vapour move into the
exposed wafer surface through the chemical process of diffusion to form a thin layer in the
wafer surface. (ESIA contribution to [170, TWG, 2023])

2.7.2.7 Doping — lon implantation

Ion implantation is a physical process. Wafers are loaded in one end of an implanter and dopant
sources, usually in gas form, in the other end. At the source end, the dopant atoms are ionised,
accelerated to a high speed, and swept across the wafer surface. The momentum of the atoms
carries them into the wafer surface. (ESIA contribution to [170, TWG, 2023])

2.7.2.8 Layering — Epitaxial growth

Epitaxial growth is a crucial process in semiconductor manufacturing that involves the
deposition of a single-crystal semiconductor layer onto a crystalline substrate. This technique
allows for the controlled growth of semiconductor materials with specific properties, such as
composition, thickness and crystal structure, essential for the fabrication of advanced
semiconductor devices. During epitaxial growth, vapour-phase precursors are introduced onto
the substrate surface under controlled conditions, promoting the nucleation and growth of
semiconductor crystals in a precise and uniform manner. Epitaxial layers can be grown using
various techniques, including chemical vapour deposition (CVD) and molecular beam epitaxy
(MBE), each offering distinct advantages in terms of material quality, scalability, and
compatibility with different semiconductor materials and device structures. Epitaxial growth
plays a critical role in the development of high-performance semiconductor devices, including
integrated circuits, optoelectronic devices, and power electronics, by enabling the engineering of
material properties tailored to specific device requirements. (ESIA contribution to [170, TWG,
2023])

2.7.29 Layering — Sputtering

Sputtering is a physical process that takes place in a vacuum and is referred to as physical
vapour deposition (PVD). Inside the vacuum is a solid slab, called the target, of the desired film
material. The target is electrically grounded. Argon gas is introduced into the chamber and is
ionised to a positive charge. The positively charged argon atoms are attracted to the grounded
target and accelerate to it. During the acceleration they gain momentum, which is force, and
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strike the target. At the target a phenomenon called momentum transfer takes place and the
argon ions strike the slab of film material, causing its atoms to scatter. The argon atoms ‘knock
off” atoms and molecules from the target into the chamber. This is the sputtering activity. The
sputtered atoms or molecules scatter in the chamber with some coming to rest on the wafer. A
principal feature of a sputtering process is that the target material is deposited on the wafer
without chemical or compositional change. (ESIA contribution to [170, TWG, 2023])

2.7.210 Layering — Chemical vapour deposition

Chemical vapour deposition (CVD) is a fundamental process in semiconductor manufacturing
used to deposit thin films of materials onto substrates with precise control over composition,
thickness and uniformity. In CVD, precursor gases containing the desired elements react at the
substrate surface, forming a solid film through chemical reactions and deposition. The process
occurs within a vacuum or controlled atmosphere at elevated temperatures, facilitating the
decomposition and deposition of the precursor molecules onto the substrate surface. CVD is
widely employed in semiconductor fabrication for depositing various materials, including
silicon dioxide (Si0,), silicon nitride (Si3N4), metals, and semiconductor compounds such as
silicon (Si), gallium arsenide (GaAs), and indium phosphide (InP). Different variations of CVD,
such as plasma-enhanced CVD (PECVD) and low-pressure CVD (LPCVD), offer enhanced
control over film properties and deposition rates, making CVD a versatile and essential
technique for manufacturing advanced semiconductor devices and integrated circuits. (ESIA
contribution to [170, TWG, 2023])

2.7.211 Chemical mechanical polishing

In contrast to other etching methods, chemical mechanical polishing (CMP) combines both
chemical and abrasive actions to eliminate material. A slurry is employed, containing particles
acting as abrasives along with chemicals like dilute HF. This slurry is applied onto a pad made
of a porous material, fixed onto a rotating plate. The wafer, in turn, is affixed to a chuck that can
also rotate, coming into contact with the slurry and/or pad. Since its inception, CMP has found
widespread adoption in both front-end and particularly back-end processes. The efficiency of
the process largely depends on the characteristics of the slurry and pad, with these consumable
elements often representing a substantial cost in the manufacturing process. CMP offers precise
control at the angstrom level.

A wafer is mounted on a rotating platform. A rotating polishing pad is pressured against the
wafer surface. A slurry carrying small abrasive particles is directed onto the platform. The
particles attack and remove small pieces of wafer surface, which are carried away by the
movement of the slurry across the surface. The combined actions of the two rotations and the
abrasive slurry polish the wafer surface. High plateaus on the wafer are polished first and faster
than the lower areas, thus achieving planarisation. These are the mechanical polishing actions.
However, mechanical polishing alone is unsuitable for semiconductor processing due to
excessive mechanical damage to the surface. Damage is reduced and/or managed by selecting a
slurry chemistry that dissolves or etches the surface materials. Chemical removal generally
requires the corrosion of the surface, usually through an oxidation mechanism. (ESIA
contribution to [170, TWG, 2023])

2.7.2.12 Solvent stations

In semiconductor manufacturing, solvent stations play a crucial role in the cleaning and
preparation of semiconductor substrates and components before and after various processing
steps. These stations typically use solvents, such as isopropyl alcohol (IPA) or acetone, to
remove contaminants, residues and organic materials from semiconductor surfaces, ensuring the
integrity and quality of subsequent manufacturing processes. Solvent stations are strategically
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placed within the fabrication facility to provide convenient access for cleaning critical
components, including wafers, masks and equipment parts. By effectively removing
contaminants and residues, solvent stations help minimise defects, improve yield and enhance
the reliability and performance of semiconductor devices. Additionally, solvent stations
contribute to maintaining clean room conditions and meeting stringent cleanliness standards
required for semiconductor fabrication. (ESIA contribution to [170, TWG, 2023])

2.7.2.13 Wet chemical stations

Wet chemical stations are integral components in semiconductor manufacturing facilities,
serving as key units for chemical processing and surface treatment of semiconductor wafers and
components. These stations are equipped with various chemical baths and solutions tailored to
specific processes, such as cleaning, etching and deposition, to achieve the desired material
properties and device structures. Wet chemical stations play a crucial role in removing
contaminants, oxide layers, and residues from semiconductor surfaces, preparing them for
subsequent processing steps like lithography and deposition. Additionally, these stations enable
selective etching or patterning of semiconductor materials to create intricate device structures
and features essential for semiconductor device fabrication. By providing precise control over
chemical processes and parameters, wet chemical stations contribute to the production of high-
quality semiconductor devices with optimal performance and reliability. (ESIA contribution to
[170, TWG, 2023])

2.7.2.14 ToollFab wipe cleaning

Tool wipe cleaning plays a critical role in maintaining the cleanliness and performance of
semiconductor processing equipment. This process involves the manual or automated wiping of
tool surfaces, such as chambers, wafers and parts, using specialised cleaning wipes or materials
saturated with solvents or cleaning solutions. Tool wipe cleaning helps remove contaminants,
residues and particles that accumulate during processing, preventing cross-contamination
between different process runs and ensuring consistent performance and yield. By regularly
cleaning equipment surfaces, tool wipe cleaning contributes to the prevention of defects,
improves process stability, and extends the lifespan of semiconductor processing tools.
Additionally, it plays a vital role in maintaining clean room conditions and meeting strict
cleanliness standards required for semiconductor fabrication. (ESIA contribution to [170, TWG,
2023])

2.7.3 Back-end operations
2.7.3.1 Back grinding

Back grinding is a critical process in semiconductor manufacturing used to thin down the silicon
wafer after the front-end processes have been completed, enabling the production of ultra-thin
semiconductor devices. During back grinding, the backside of the wafer, as opposed to the side
with the active semiconductor devices, is ground down to achieve the desired thickness while
maintaining precision and uniformity. This process involves using grinding wheels with fine
abrasives to remove material gradually from the wafer's backside, followed by polishing to
achieve a smooth and flat surface. Back grinding is essential for reducing the thickness of the
wafer to improve electrical performance, reduce thermal resistance, and facilitate the packaging
and integration of semiconductor devices into electronic products. Additionally, back grinding
enables the production of advanced semiconductor technologies such as stacked-die packages
and three-dimensional integrated circuits (3DICs), where ultra-thin wafers are required to
achieve high device density and performance. (ESIA contribution to [170, TWG, 2023])
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2.7.3.2 Wafer mounting

Wafer mounting is a critical step in semiconductor manufacturing where processed silicon
wafers are securely attached to a support substrate or carrier for subsequent processing steps.
This process ensures the stability and integrity of the wafer during handling, processing and
transportation within the semiconductor fabrication facility. Wafer mounting typically involves
bonding the backside of the processed wafer to a rigid or flexible carrier using adhesives or
tapes specifically designed for semiconductor applications. The mounted wafers are then ready
for further processing steps such as back grinding, thinning, lithography, deposition and etching.
Proper wafer mounting is essential to prevent damage to delicate semiconductor structures,
maintain alignment accuracy, and ensure consistency and repeatability in subsequent
manufacturing processes, ultimately contributing to the production of high-quality
semiconductor devices. (ESIA contribution to [170, TWG, 2023])

2.7.3.3 Wafer sawing

The wafer is sawed into the individual dies. First, a diamond saw is passed over the scribble
lines. Either the wafers are separated by a complete saw through, or the saw only creates a
trench about one third through the wafer and then the separation is completed by the stress and
roller technique. (ESIA contribution to [170, TWG, 2023])

2.7.3.4 Die attach

Die attachment has several goals: (1) creating a strong physical bond between the die and the
package, (2) providing either an electrical conducting or insulating contact between the die and
the package, and (3) serving as a medium to transfer heat from the chip to the package. (ESIA
contribution to [170, TWG, 2023])

2.7.3.5 Wire bonding

In wire bonding, up to hundreds of wires must be perfectly bonded from the bonding pads to the
package inner leads. A thin wire is first bonded to the chip bonding pad and spanned to the inner
lead of the package lead frame. Then, the wire is bonded to the inner lead. Last, the wire is
clipped and the entire process is repeated at the next bonding pad. (ESIA contribution to [170,
TWG, 2023])

2.7.3.6.. Moulding

Moulding, or encapsulation, in semiconductor manufacturing involves the process of protecting
delicate semiconductor chips or devices by encapsulating them within a protective casing or
package. This casing is typically made of a durable and insulating material such as plastic or
epoxy resin, which shields the semiconductor components from mechanical stress, moisture,
contaminants and environmental factors. The moulding process begins with placing the
semiconductor device, such as an integrated circuit or sensor, onto a lead frame or substrate
within a mould cavity. The mould cavity is then filled with liquid encapsulant material, which
solidifies and forms a protective shell around the semiconductor device upon curing. Once
encapsulated, the semiconductor devices are trimmed, lead wires are attached, and the packages
are tested for functionality and reliability. Moulding is a crucial step in semiconductor
manufacturing, ensuring the longevity, reliability and performance of semiconductor devices in
various electronic applications. (ESIA contribution to [170, TWG, 2023])
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2.7.3.7 Ball attach

The bonding wire is fed out of a thin tube called a capillary. An instantaneous electrical spark or
small hydrogen flame melts the tip of the wire into a ball and positions the wire over the first
bonding pad. The effect of the heat and the downward pressure forms a strong alloy bond
between the two materials. (ESIA contribution to [170, TWG, 2023])

2.7.3.8 Post-mould cure

In semiconductor manufacturing, post-mould cure refers to the curing process that follows the
encapsulation or moulding of semiconductor devices. After the encapsulant material has been
injected into the mould cavity and formed around the semiconductor device, the package
undergoes a curing or hardening process to ensure proper adhesion, strength and the stability of
the encapsulant. This curing process typically involves exposing the moulded packages to
elevated temperatures for a specific duration, allowing the encapsulant material to cross-link
and polymerise, thereby forming a robust and durable protective casing around the
semiconductor device. Post-mould cure is essential for optimising the mechanical and electrical
properties of the encapsulant, enhancing its resistance to thermal and environmental stresses,
and ensuring the long-term reliability of semiconductor devices in various electronic
applications. (ESIA contribution to [170, TWG, 2023])

2.7.3.9 Laser marking and dejunk, dambar cut

In semiconductor manufacturing, the dambar cut is a critical process used to separate individual
semiconductor devices or chips from a wafer during the packaging stage. This process involves
cutting the dambar, which is a small section of material that connects adjacent devices on the
wafer, using specialised sawing equipment such as dicing saws. The dambar cut is performed
with precision to ensure clean and accurate separation of semiconductor devices while
minimising damage to the surrounding structures. After the dambar cut, the individual
semiconductor devices are picked up and packaged into their respective housings or packages
for further testing and assembly into electronic products. The dambar cut plays a crucial role in
semiconductor manufacturing, enabling the high-volume production of discrete semiconductor
components with consistent quality and performance. (ESIA contribution to [170, TWG, 2023])

2.7.3.10 Package saw

In semiconductor manufacturing, the package saw, also known as a dicing saw, is a specialised
piece of equipment used to single out semiconductor devices from a wafer after the back-end
processing steps have been completed. This process involves cutting the wafer into individual
chips or dice, each containing a single semiconductor device, using a high-precision cutting
blade. The package saw operates with utmost precision to ensure accurate positioning and
cutting of the wafer, minimising the risk of damage to the semiconductor devices. After
separation the individual chips are collected and packaged into their final housings or packages
for testing and integration into electronic products. The package saw is a critical tool in
semiconductor manufacturing, enabling the mass production of discrete semiconductor
components with consistent quality and performance. (ESIA contribution to [170, TWG, 2023])

2.7.3.11 Plating

Plating serves several important functions. First, the additional metal finish improves the lead
solderability, resulting in a more reliable electrical connection of the package and the printed
circuit. Second, the finish protects the leads from oxidation or corrosion during periods of
storage prior to mounting on the circuit board. Third, the plating protects the leads from
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corrosive agents in the packaging and printed circuit board mounting processes. (ESIA
contribution to [170, TWG, 2023])

2.7.3.12 Trim and form

In semiconductor manufacturing, the trimming and forming process step involves the
manipulation and preparation of lead frames or substrates before semiconductor devices are
attached and encapsulated. During this process, lead frames or substrates are precisely trimmed
to the desired dimensions and shape using specialised cutting or stamping equipment.
Additionally, the leads or terminals on the lead frames are formed into specific configurations,
such as gull-wing or J-lead shapes, to facilitate the attachment of semiconductor devices and
ensure proper electrical connections. The trimming and forming process is critical for achieving
uniformity and consistency in semiconductor packaging, enabling efficient assembly of
semiconductor devices and reliable electrical performance in electronic applications. (ESIA
contribution to [170, TWG, 2023])

2.7.3.13 Testing and finishing

At the conclusion of the packaging process, the completed package is put through a series of
environmental, electrical and reliability tests. These tests vary in type and specifications,
depending on the customer and use of the packaged devices. (ESIA contribution to [170, TWG,
2023))
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2.8 Porcelain (vitreous) enamelling of metals
[169, Russo et al. 2021]

2.81 Substrates for enamelling

The quality and the chemical composition of the metal substrate have an important influence on
the parameters of the enamelling process. In addition, the properties of the metal determine the
use of one or another deposition technique. Therefore, knowledge of the properties and main
characteristics of the metal substrates used is crucial.

The most common substrates for enamelling are cast iron, low-carbon steel and aluminium
alloys. Stainless steel is also suitable for enamelling, while copper, silver and gold are only
enamelled for artistic purposes. Enamel coatings can also be applied on glass substrates and on
high-temperature alloys.

Cast iron for enamelling

The most commonly used cast iron for enamelling is gray cast iron, with a perlitic matrix and a
graphitic structure. The typical chemical elements present in a cast iron suitable for enamelling
are carbon, silicon, phosphorus, manganese and sulphur. The metallographic structure of a cast
iron is commonly constituted by graphite, ferrite, cementite, perlite, manganese sulphide and
steatite (iron phosphide). The combined and uncombined carbon percentages play an important
role in determining the suitability of cast iron substrates for enamelling.

Steel for enamelling

Conventional enamelling on cold-rolled steel was developed in the 1960s after the invention of
open coil decarburised steel. Enamelling on hot-rolled substrates was developed in parallel, but
it was mainly used for enamelling of water heaters. The use of hot-rolled steel tends to cause the
formation of blisters on the enamelled surface caused by oversaturation of hydrogen at the
metal-enamel interface. For this reason, hot-rolled steels are only used for special applications
where given strength requirements need to be addressed effectively, but the porcelain
enamelling process is usually limited to one side of the sheet to promote the removal of
hydrogen from the unenamelled side. As regards cold-rolled steels, the EN 10209:2013 standard
constitutes an important guide for the choice of the right steel quality for enamelling.

Aluminium alloys for enamelling

Aluminium requires the use of low-melting enamels. Aluminium alloys can be mainly divided
into two groups: the heat-treatable alloys and the non-heat-treatable alloys, but another
important classification is based on the alligant elements (alloy elements that are added to the
steel substrate to enhance the bonding between the steel and the enamel coating). The most
suitable aluminium alloys for enamelling are the 3003 and 4006 series alloys, but, in general, a
low content of Mg is required to avoid adherence problems between the substrate and the
enamel layer.

2.8.2 Surface pretreatment

Surface pretreatment ensures the perfect cleaning of the surface from rolling oils and other
surface contaminants and it gives the surface an adequate roughness, thus facilitating the
adherence between the metal and the enamel coating. The surface pretreatment could involve
only or both chemical and mechanical methods. Among the mechanical methods, grit blasting
and sand blasting are the most common. Grit blasting is used in the pretreatment of heavy gauge
pieces made of steel or cast iron, such as hot water tanks and chemical vessels. Blasting is not
common for the pretreatment of sheet iron or aluminium alloy-based substrates, as it could
deform the material itself. Chemical pretreatments are commonly used on steel and aluminium
substrates.

Cast iron substrate pretreatment
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The preparation of cast iron surfaces is mainly carried out by blasting to completely clean the
surface of the cast objects of production contaminants. Blasting forms a homogeneous surface
in terms of roughness and surface defects in order to ease the adhesion of the enamel layer to the
substrate. The blasting process is sometimes followed by an annealing treatment at 800-850 °C.
This thermal treatment is also commonly used to obtain good results on cast iron types with a
high cementite content.

Steel substrate pretreatment

The first step is the chemical cleaning of the surface, also called degreasing. During chemical
cleaning, the substrate is cleaned with aqueous solutions of alkaline detergents in order to
remove oils and greases. Cleaning can be done by immersion or by spraying. In both cases, the
operating temperature ranges from 40 °C to 70 °C, for 5-10 minutes. Typical components of
industrial cleaner solutions (pH 10-13) are mainly constituted by sodium silicates, sodium
carbonate and hydroxides (as a source of alkalinity), although other components can be added in
limited concentrations. Nowadays, the chemical cleaning is sometimes replaced by electrolytic
cleaning. This procedure uses the flow of current through the bath, while the ware to be cleaned
is made the cathode. The alkali content of the bath is about 40 g/, and the pH of the bath is kept
around 13. The cleaning procedure is very fast, especially if automatic equipment is used. The
cleaning procedure is always followed by a rinsing step carried out in running water:

The next step, pickling, consists of the elimination of metal oxides from the substrate surface by
using an acid solution. The most common pickling solution has a sulphuric acid concentration
of 5-10 wt% and is commonly used at 6575 °C. Pickling can be done either by spraying or by
immersion; in the case of immersion, the typical time is 8 minutes, whereas in immersion it can
take up to 30 minutes. There are also acid pickling solutions based on phosphoric acid. These
solutions have important advantages if used for the treatment of products that must undergo
direct enamelling, as the phosphoric acid attacks the metal product in a controlled manner,
leaving a very homogeneous surface at the end of the treatment. The pickling step must be
followed by a deep rinsing in water and by immersion in a neutralising bath. The neutralising
bath, a hot solution of Na,O in water, is used to completely remove all traces of acid. The last
step of the pretreatment process is the drying of the substrate.

Aluminium substrate pretreatment

The aluminium substrate is cleaned of greases and oils, then it is degreased in an alkaline
solution (20-40 g/l at 50 °C), leached in an alkaline bath (10 wt% NaOH at 70 °C for up to
5 minutes) to remove the natural oxide film, desmudged in acid water (25 wt% nitric acid
solution) to remove adherent hydroxides, rinsed several times, and in some cases pre-fired at
about 400 °C to reform a uniform oxide layer.

2.8.3 Enamelling process

The enamelling process could be divided into the following three main steps: the preparation of
the frit (a mixture of silica, alumina, borax and other minerals), the milling and the application
of enamel on the substrate.

2.8.3.1 Frit making

The frit is produced by the combined melting of oxides and salts at temperatures between
1 000 °C and 1 500 °C to form a mixture that is then cooled to obtain glassy granules or flakes,
whose composition is specifically modified according to the substrate and final application.

The raw materials used in frit making can be divided into four main groups: refractories, fluxes,
opacifiers and colours. Refractories are acidic oxides that give body to the glassy enamel
matrix; fluxes are alkaline oxides, which are mainly used to react with refractories to form the
glass and to lower the melting temperature of the glass itself. Opacifiers, such as tin oxide and
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antimony compounds, are used to give the enamel their typical opaque appearance. Other
important components of frits are adherence oxides.

The raw materials for frit production are stored in silos from where they are automatically taken
and weighed. After that, these oxides are mixed and inserted into the furnace for the melting
process. On leaving the furnace, the frit can be cooled to obtain glassy flakes using rollers or
small frit granules by rapid cooling. After cooling, the frit is appropriately dried before use.

2.8.3.2 Milling

Before the formulation of enamel, the frit must be suitably grounded in ball or drum mills.
There are two main different types of milling: the dry and wet methods. In the first case, the
grinding takes place in the absence of water, and the charge is usually composed only of the frit,
any pigments, and additives for special applications. The main control carried out on the dry
ground frit is exclusively a quick granulometric check. In the case of ‘wet’ milling, the frit is
mixed with water to create an aqueous suspension called ‘torbida’ or ‘slip’. The components
that are added to the mill must ensure the perfect suspension of the frit particles in the liquid
component. It is essential to add floating agents and electrolytes, usually in a percentage that
never exceeds 15% of the weight of the frit. The most common floating agent is clay, although
bentonite, colloidal silica, and gums are used in some cases. Electrolytes are important
components of the slip as well, as they are soluble compounds (sodium aluminate, potassium
carbonate) that are able to control the properties of the slip, such as its consistency.

2.8.3.3 Enamel application on the substrate

The choice of the appropriate application method is very important to achieve the desired
product characteristics. Enamel application techniques can be mainly divided into ‘dry’ and
‘wet” methods, based on the type of milling previously performed. In addition, it is also
important to distinguish between the application of ground and cover coat enamels. Ground
enamels are formulated with the addition of cobalt oxides to promote adhesion with the
substrate, whereas cover coat enamels are formulated to guarantee optimal aesthetical
properties. Nowadays, the most common application sequence is known as ‘2C/2F’ (two-coat,
two-firing), but it is also possible to use a ‘2C/1F’ application. The ‘2C/1F’ application can be
realised wet on wet, powder on powder, or powder on a wet dried layer. It is also possible to
directly enamel the pieces to be covered, but it is necessary to effectively pretreat the
decarburised steel substrate and use coloured enamels (with a percentage of adherence oxides).

2.8.3.31 Enamelling of steel

Steel is currently the most widely used material in enamelling, as it allows the widest choice of
application methods. The table below summarises the possible application methods for steel
enamelling. Wet enamelling can be carried out by immersion or by spraying. The immersion
method is commonly used to apply ground enamels on big products, such as chimney pipes,
washing machine baskets, and boilers, whereas the spraying method is used to apply cover coat
layers as it guarantees good aesthetical features of the finished product. The dipping method
consists of immersing the product in a tank containing the enamel slip and extracting it at a
controlled speed to freely drain away the enamel excess. The flow coating method uses a similar
principle, but, in this case, the enamel is poured from above onto the piece to be covered. This
method is commonly used for the enamelling of hollow tubular elements.

Table 2-5:  Application techniques for enamelling of steel

Application Application method Description

Wet Dip coating Immersion of the piece in the slip
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Flow coating Pouring of the slip on the piece
Spray coating The slip is air-atomised
Electrostatic wet spray coating The atomised slip is charged
Electrophoretic coating Migration of the slip to the substrate
Dry Electrostatic dry powder coating The enamel powder is charged

Source: [169, Russo et al. 2021]

The evolution of the traditional spraying technique is the electrostatic spraying method. The
slurry particles are electrically charged by passing through a strong electric field and they are
sprayed onto the substrate, which is grounded. In this way, the slip particles are able, following
the electric field lines, to cover the whole substrate surface in a homogeneous way, avoiding
huge over-spraying. This application method, although very efficient, is influenced by many
operating parameters, such as the spray distance and the application speed.

The operating principle of the electrostatic dry powder method is similar to that of electrostatic
wet spraying, but, in this case, enamel particles are encapsulated in organic compounds so that
they can acquire an electric charge and be ‘sprayed’ on the metal object. As a following step,
the powder is deposited on the metal, and its electrical charge is passed to the metal. The most
important parameters to be controlled are the humidity in the application chamber, which
influences the adhesion of the powder onto the substrate (it-modifies the resistivity of the
enamel particles), and the granulometry of the enamel powder. This method is the most
widespread worldwide, but it implies important investments and thus large-scale production to
pay back costs.

Similar to wet electrostatic deposition and electrostatic powder deposition, the electrophoretic
deposition technique method uses an electric field.. The negatively charged enamel particles
migrate toward the positively charged substrate to be coated. This migration occurs in the slip
when it is subjected to an electric field. This system is still not very widespread nowdays, but it
has some interesting advantages over other wet applications, such as controlled thicknesses,
compact and automated production systems, and good edge coverage.

2.8.3.3.2 Enamelling of cast iron and aluminium

Cast iron is usually enamelled by wet spraying, but, with respect to steel, the thickness of the
enamel layer could be up to 400 microns to counteract the negative effect of the substrate
roughness. Aluminium alloys are usually covered by wet application methods, in particular wet
spraying and flow coating.

2.8.34 Drying and firing

In the case of wet application of enamel, the coating must be dried before the subsequent firing
phase to remove the application carrier material (usually water). The formation of a dried
enamel layer, called ‘biscuit’, is of extreme importance; otherwise, trapped water could
suddenly evaporate during the firing process, causing bubbling and enamel detachment and
cracking.

The firing process is the last step involved in the production of enamelled objects. All the
furnaces are commonly powered by electricity or gaseous fuels; in the first case, operating costs
are higher, but there is a quick response to temperature adjustments and less contamination of
the enamelled pieces. Regardless of the power supply, almost all industrial ovens are equipped
with a conveyor. The firing temperature mainly depends on the substrate type. The firing
temperature of a steel product can vary between 750 °C and 890 °C, for durations varying
between 2 and 8 minutes, depending on the thickness of the sheet. Cast iron pieces are usually
fired at temperatures of about 730-770 °C for over 40 minutes. On the other hand, aluminium is
always fired at temperatures below 600 °C, due to the low melting temperature of the substrate;
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this last operating condition represents a challenge in the development of low-melting glazes
with high chemical and abrasion resistance.
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3 CURRENT CONSUMPTION AND EMISSION LEVELS FOR
THE SURFACE TREATMENT OF METALS AND PLASTICS

The following sections present the emission and consumption data reported by the surface
treatment of metals and plastics plants/installations across the European Union (EU) that took
part in the STM BREEF review data collection.

[Note to the TWG: Most of the information contained in this section of the old BREF has been
removed and replaced with up-to-date information obtained from the data collection. Please
note that figures and graphs will be fully updated at a later stage]

34 Introduction
I et e iy ol
The data for emission and consumption levels presented in this chapter were collected from

162 plants/installations across the EU. The participating plants are located4n. 17 Member States
(AT, BE, BG, CZ, DK, FI, FR, DE, ES, EI, IT, MT, NL, PL, PT, SE and SK).

The geographical distribution of plants/installations is shown in Figure 3-1./The data refer to the
most recent and representative 3 reference years covering the pefiod from 2012 to 2022. The list
of plants that participated in the data collection is given in Afmex 8.5. These plants are from the
following sectors:

e clectrolytic or chemical plating;

e continuous steel coil coating;

e aluminium coil, sheet conversion coating and anodising;
e porcelain (vitreous) enamelling of metals;

e printed circuit board (PCB) manufacturing;

e semiconductor manufacturing.

Source: [168, TWG 2023]

Figure 3-1: Georgraphical distribution of plants that participated in the data collection
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The most significant environment factors for surface treatment installations are energy and
water consumption, the efficient use of raw materials including hazardous chemicals, the
emission of pollutants in waters, and the production of hazardous wastes. The emission of
pollutants into the air is usually of less consequence.

Many factors determine the consumption of raw materials as well as the emission of pollutants

at these installations. Fhere—is—some—difficulty—in—producing—comparable—statistiecs—for—beth

F or general plating activities tFhe variations in the options for plant design are
due to the large number of the operating parameters, see Section 1.2. and the general
introduction to Chapter 2. The most important are: [104, UBA, 2003]:

e the input substrates (e.g. steel, non-ferrous metals, plastics, etc.);

e the form of the workpieces (e.g. small components, wires, sheet metals, small and large
coils, pipes, complex assemblies);

e the transport technology of the treatment (jig, barrel, continuous coil);

e the cleaning technology (aqueous, alkaline, acid, electrochemical, etc.);

e the technology for the manufacture of a metallic bright surface (pickling with
hydrochloric acid, sulphuric acid, acid mixtures, etc.);

e the coating programme (e.g. copper, nickel, chromium, zinc, tin, alloys, combinations

of individual layers such as plating followed by electropainting);

the selection of individual coatings (chemical, electrolytic and process chemistry);

the post treatment systems (chromating type, other systems);

the rinsing technology;

the waste water and waste gas purification technology.

The data collection for the STM BREF review focused on information gathering using a
standardised questionnaire for the following topics:

identification-and description of the plant/installation;
processes and emission sources;

channelled and diffuse emissions to air;

channelled emissions to water;

energy consumption;

waste and residue generation;

water consumption and discharge;

material and chemical consumption;

circular economy, industrial symbiosis and decarbonisation.

To ensure accurate comparisons and performance monitoring, the relevant benchmark for
determining consumption and emissions is a throughput measure based on ‘unit used per square
metre treated’. This approach enables both interplant comparisons and intra-plant assessments,
as well as the evaluation of changes and management decisions within individual facilities. For
surface treatment activities, the surface area treated may be considered; precise calculations in
the simplest of cases, and alternative methods, e.g. based on estimates or order of magnitude
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where the inherent complexities and variability in workpiece and substrate sizes and shapes are
needed, may be necessary to achieve reliable results.

ey h nt-benehs pg-set: Consumption data such
as energy usage can always be used 1n-house to momtor the 1nd1v1dua1 installations’ ongoing
performance [112, Assogalvanica, 2003]. Other benchmarks can be derived that may be used on
an interplant basis. Material efficiency benchmarks are less complex to apply than surface-
related ones and are closely related to the economic efficiency of the process;fer-example-see
Fable3-7and-examples—in-Annex—8-5. They can be derived by subtracting the amount of
material emitted in wastes and waste water from the total amount of metal input [127, Oekopol,

2003, UBA, 2004 #123]. However, care must still be taken to ensure a like for like basis: there
may be other sources of the material within the installation, for example dissolution of substrate
such as z1nc from zinc die castmgs 1n processmg vats.

Handling of Confidential Business Information.(CBI)
During the data collection, the following data‘were considered CBI for the continuous steel coil
coating activities:

e operating hours and operational.data;
e specific energy consumption;
e specific amount of hazardous.chemicals consumed.

In order to maintain data confidentiality,’plant names are not directly mentioned in the graphs or
figures. The plant names are replaced with anonymised and randomly attributed plant CBI
codes. In addition,fie. contextual information (e.g. process parameters or techniques applied) is
included as this_could reveal‘the'identity of the plant.
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3.2 Electrolytic or chemical plating
3.21 Emissions to water

3.2.11 COD

The reported data for COD emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-1.
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Source: [168, TWG 2023]
Figure 3-2: COD emissions to water in electrolytic or chemical plating plants
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Table 3-1: Reported data and contextual information for COD emissions to water in electrolytic
or chemical plating plants
EI;:;::“ Abatement technique(s) Min. | Avg. | Max. | ELV (;/?11‘;)
[NL_002] Chemical reduction-Neutralisation-Coagulation and
— 1 —|flocculation-Sedimentation-Filtration (e.g. gravel filter,| 5 6.88 | 11.7 | 200 -
w {4}
sand filter)
Coagulation and flocculation-Precipitation-
[AT 015] Neutralisation-Sedimeptation-Filtrgtion (e.g. gravel
wifl} —| filter, sand filter)-Physical separation (e.g. screens, - 18.00 | - 100 -
! sieves, grit separators, grease separators, oil-water
separation)
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
[AT 020] flocculation-F il.tration (e.gﬁ. grgvel ﬁltgr,.sar}d filter)-Ion
w_{l} —| exchange resins-Neutralisation-Precipitation-Use of 19 |21.10 | 2433 | 600 -
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon-
Sedimentation
[Bi—?ll; L Coagulation and flocculation - 130.00y, - 125 -
[FR_007] Coagulation and flocculation- Dl31671 - 120 i
w {1} Nitrification/denitrification )
Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
[IT_002] reductiqn.-NF:utralisqtion-CQagulgtion.and flocculation-
v;{l} —| Precipitation-Sedimentation-Filtration (e.g. gravel 20 2233 32 | 160 -
filter, sand filter)-lon exchange resins=Biological
treatment- Activated sludge process-
Nitrification/denitrification
Absorption-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
[IT 029] | reduction-Coagulation and flocculation=Filtration (e.g.
w {1} gravel filter, sand filter)-lon.exchange resins- 1512230140500 i
Precipitation-Sedimentation-Evaporation (e.g. vacuum
evaporation)
[NL_002] Chemical reduction=Neutralisation-Coagulation and
— 1 | flocculation-Sedimentation-Filtration (e.g. gravel filter,| 32 |38.92 | 40 | 200 -
w {3}
sand filter)
[NL_002] : Neutra}lisati'on-Cioagulation and flocculation-
wifl} —| Sedimentation-Filtration (e.g. gravel filter, sand filter)-| 7 |20.00| 44 | 200 -
! Adsorption techniques — activated carbon
[FR_034] Neutralisation-Coagulation and flocculation-Filtration
wﬁ{l} —|\ (e.g. gravel filter, sand filter)-Use of buffer tanks to 5 |125.07| 53 90 | 1296
reduce waste water and emission load peaks
LT R - 21 |44.00| 56 | 500 | 12.22
w {1}
[IT_032] . . .
W ( —| Coagulation and flocculation-Ion exchange resins 15 |26.17| 60 |1000 -
Evaporation (e.g. vacuum evaporation)-Filtration (e.g.
[BE 003] | gravel filter, sand filter)-Ion exchange liquid- liquid- 94 12589 61 i .
w {1} Neutralisation-Reverse osmosis-Use of buffer tanks to ' '
reduce waste water and emission load peaks
[ES_013] Adsorptiqn techniques - activated carbqn-
w (] | - Neutralisation-Coagulation and flocculation- 6 [20.53] 65 |1000 -
! Crystalisation-Flotation-lon exchange resins-
Neutralisation-lon exchange resins-Filtration (e.g.
[CZ 002] | gravel filter, sand filter)-Adsorption techniques — 21 134071 696 . i
w {1} activated carbon-Chemical oxidation (e.g. ’ ’
Electrolytic/anodic, radiation assisted)
[BE _018] | Coagulation and flocculation-Neutralisation-Biological 2% 143531 84 | 125 i
w {1} treatment- Activated sludge process-Filtration (e.g. )
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Ellr)l(l)si::m Abatement technique(s) Min. | Avg. | Max. | ELV (;/32(;)
gravel filter, sand filter)-Ion exchange
resinsNitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks
[H\:v_({)ﬂ]_ Coagulation and flocculation 15 130.50| 90 - -
[AT 009] Precipit'ation-Coag}llat'ion aljd ﬂgcculation-
wi{l ) —| Sedimentation-Neutralisation-Filtration (e.g. gravel 15 142.79| 91 100 -
filter, sand filter)-lon exchange resins
[IT_008] Chemigal oxidation'(e.g. Elect'rolytic/anodi'c, radiation
\;{1} - assisted)-Chemical reduction-Coagulation and 5 12283 92 | 160 -
flocculation
[AT 006] Coagulgtion and ﬂ(')cm'ﬂatio'n-Pre':cipitation-
wi{l} —| Sedimentation-Neutralisation-Filtration (e.g. gravel | 59.1 | 90.67 | 99.4 | 100 -
filter, sand filter)-lon exchange resins
[ES_?04]_ Neutrallsatlon-Other—(;oagula.tlon and flocculation- 30 135871 100 | 200 )
w {1} Sedimentation
[Fljv—?;) }9 L Coagulation and flocculation-Neutralisation - |112.63] - 600 -
[IT_(,)%]_ Coagulation and ﬂoccu!atloq-Chemlcal reduction- 77 199501 127 | 500 )
w {1} Precipitation
[Bi—fll}o L Coagulation and flocculation 67 [106.00 129 | 250 -
[ES_031]_|Neutralisation-Physical separation (e.g. screens, sieves,
. . . 69 1109.67| 140 - -
w {1} | grit separators, grease separators, oil-water separation)
[AT 007] Adsorptign techniques - actiYated carbon-'Ion exchange
wi{l ) - resins-Chemical reduction-Coagulation and 148 |148.00| 148 - -
flocculation-Precipitation-Sedimentation
Chemical reduction-Chemical oxidation (e.g.
[AT 003] Electroly'tic/anodi'c,'radiation e{ssisted)'-Coagulation and
wi{l ) —| flocculation-Precipitation-Sedimentation-Ion exchange | 0 | 71.60 | 150 | 150 -
resins-Filtration (e.g. gravel filter, sand filter)-
Biological treatment- Activated sludge process
Chemical reduction-Coagulation and flocculation-
[AT 0117 Prec.1p1tat10n—Sed1mentat1on-lon exchange resins- 11 let.00!l 161 | 200 )
w {1} Filtration (e.g. gravel filter, sand filter)-lon exchange
resins
Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
[FR_036]_|(e.g. vacuum evaporation)-Neutralisation-Precipitation-| 171101 - 250 )
w {1} | Use of buffer tanks to reduce waste water and emission ’
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation
[AT 008] Precipit.ation—Coag.ulat.ion apd ﬂ(?cculation-
w_{l} —| Sedimentation-Neutralisation-Filtration (e.g. gravel 5 |56.17| 178 | 200 -
filter, sand filter)-lon exchange resins
[AT 012] Filtration (e.g. gravel filter, sand filter)-Neutralisation-
— . —| Precipitation-Ion exchange resins-Coagulation and 0 |67.33] 180 | 200 -
w {1} . . .
flocculation-Sedimentation
Ion exchange resins-Precipitation-Coagulation and
flocculation-Sedimentation-Neutralisation-Filtration
[AT 009] | (e.g. gravel filter, sand filter)-Specific abatement of
w {2} PFOS, 6:2 FTS or other PFAS by adsorption on 338 |149.40) 189 1 200 )
activated carbon, ion exchange resins or other
adsorbents-Evaporation (e.g. vacuum evaporation)
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Emission . . Load
Point Abatement technique(s) Min. | Avg. | Max. | ELV (g/day)
[AT 012] Filtration (e.g. gravel filter, sand filter)-Neutralisation-
—{ 2} —| Precipitation-lon exchange resins-Coagulation and | 56.7 {170.33| 199 | 200 -
N flocculation-Sedimentation
[CZ 006] | Neutralisation-Coagulation and flocculation-Filtration i i
w {1} (e.g. gravel filter, sand filter) 418192341 200
[FR_020]_ Other- 120 [163.25| 206 - -
w {1}
[FR 015] Chemical oxidation (e.g. Electrolytic/anodic, radiation
w (] | - assisted)-Coagulation and flocculation-Other- 24.8 | 66.93 1209.6| 150 -
! Precipitation-Filtration (e.g. gravel filter, sand filter)
[DK_001] Neutralisation-Coagulation and flocculation-
wifl} Sedimentation-Filtration (e.g. gravel filter, sand filter)- | 85 |170.20| 220 - -
—t Ion exchange resins
Adsorption techniques — activated carbon-Coagulation
[ES_009] and flocculation-Evaporation (e.g. vacuum 39 |113.00227 i .
w {1} evaporation)-Filtration (e.g. gravel filter, sand filter)- '
Ion exchange resins
[ITN—%?]— Coagulation and flocculation 15 | 8122 | 231 500 | 819.6
5
[AT 021] Neutralisation-Precipitation-Filtration (e.g. gravel filter,
w_{ 1} —|  sand filter)-lon exchange resins-Coagulation and 12,1 |118.50] 244 - -
flocculation
[AT 005] Neutralisation-Precipitation-Filtration (e.g. gravelfilter,
w_{ 21 —|  sand filter)-lon exchange resins-Coagulation and 2511251.00] 251 - -
flocculation
Neutralisation-Coagulation and flocculation-Use of
[BE_040] buffer tanks to reduce waste water and emission load
w (] | —| peaks-Use of buffer tanks to reduce waste water and | 117 [201.33| 300 | 500 -
t emission load peaks-Filtration(e.g. gravel filter, sand
filter)
[Fljv,?]()f], Precipitation-Coagulation and floeculation 24 |89.56 | 320 | 100 | 26.89
1
Chemical oxidation'(e.g. Electrolytic/anodic, radiation
[FR_011] | assisted)-Neutralisation-Coagulation and flocculation- 219 132133 - 600 i
w {1} Precipitation-Sedimentation-Filtration (e.g. gravel '
filter, sand filter)-Ion exchange resins
[ES 023] | Chemical reduction-Coagulation and flocculation- i
w {1} Filtrationi(e.g: ‘gravel filter, sand filter) 64 |175.33) 323 | 300
[ITN—?R]— Chemical reduction 22 199.00 | 341 | 500 | 159.5
5
Coagulation and flocculation-Membrane
[ES 014] mlcro/ult'ra/nano ﬁltratmn-Physwal separation (e.g. 33 |174.67| 348 | 1000 .
w {I} screens, sieves, grit separators, grease separators, oil-
water separation)-Other
[ES_031]" Ngutrahsahon-Physwal separation (.e.g. screens, sieves, | 140 1545 00| 350 i .
w {3} | grit separators, grease separators, oil-water separation)
[DE_045]_ Other - - 400 - -
w{l}
[AT _005] |Neutralisation-Precipitation-Filtration (e.g. gravel filter, 264 375.67| 642 i .
w {1} sand filter)
[A$,?3019L Evaporation (e.g. vacuum evaporation) 0 ]265.56| 870 | 1000 -
5
[ES _031]_ Ngutrahsatlon-Physmal separation (.e.g. screens, sieves, | a0 (475 90| 930 . i
w {2} grit separators, grease separators, oil-water separation)
[Fi—?llj L Chemical reduction 67 (445.20| 985 | 600 -
5
[CZ 010]_| Neutralisation-Coagulation and flocculation-Flotation- .
w {1} Sedimentation-Filtration (e.g. gravel filter, sand filter) 896 1948.67) 999 1000
[CZ 010]_ Neutrahsatlon—Coagulat}on and.ﬂocculatlon-F lotation- 896 1948.67| 999 . 1000
w {2} Sedimentation
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Ellr)l(l)si::m Abatement technique(s) Min. | Avg. | Max. | ELV (;/32(;)
[FR_035] Chemicgl reduction—EYaporation (e.g. vacuum
iy 1} - evaporation)-Coagulation and flocculation-lon 5 1412.19] 999 | 600 -
! exchange resins-Neutralisation-lon exchange resins
Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
[BE 001] Neut.ralisation-Sedime‘ntation—‘Adsorptiion techniqqes —
w_{l ) —| activated carbon-Sedimentation-Physical separation 15 |140.00| 1000 | 125 -
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)
[FR_006] Premp1tat10n-Coagulat19n and flocculation-Biological 27 1929211000 100 | 9.49
w {2} treatment- Activated sludge process
3.21.2 TOC

The reported data for TOC emissions to water are presented in the following figure. Emission
data and contextual information are also presented in Table 3-2.

Emissions to water
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This figure contains emissions to water dota per porameter based on 3 years of reported dato

Source: [168, TWG 2023]

Figure 3-3: TOC emissions to water in electrolytic or chemical plating plants

Table 3-2: Reported data and contextual information for TOC emissions to water in electrolytic
or chemical plating plants
Emission . . Load
Point Abatement technique(s) Min. | Avg. | Max. | ELV (g/day)
[Bi—?ll; L Coagulation and flocculation - 6.2 - - -
it
Chemical reduction-Adsorption techniques — activated
[BE 020] | carbon-Coagulation and flocculation-Filtration (e.g. ) ) 43 ) .
w {1} gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Sedimentation-Other
[AT _005] |Neutralisation-Precipitation-Filtration (e.g. gravel filter,| 13 | 39.7 | 58 - -
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w {2} sand filter)-Ion exchange resins-Coagulation and
flocculation
[AT 021] Neutralisation-Precipitation-F iltr.ation (e.g. g;avel filter,
w_{ T sand filter)-Ion exchange resins-Coagulation and 16 37 58 -
’ flocculation
[AT _005] |Neutralisation-Precipitation-Filtration (e.g. gravel filter, 1 ls7671 133 i
w {1} sand filter)
Filtration (e.g. gravel filter, sand filter)-lon exchange
[AT 004] resiqs—Coagglation ;md ﬂocculgtiop-Chemicgl
w1 | —| reduction-Sedimentation-Neutralisation-Chemical 46.7 | 122 | 401 -
! oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation
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3.21.3 TSS

The reported data for TSS emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-3.

Emissions to water
TSS:

@ Min. Concentration Avg. Concentration @ Max, Concentration = ELV
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sions to water dota per parameter based on 3 years of |

Source: [168, TWG 2023]

Figure 3-4: TSS emissions to water in electrolytic or chemical plating plants
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Table 3-3: Reported data and contextual information for TSS emissions to water in electrolytic
or chemical plating plants
Ellr)l(l)si::m Abatement technique(s) Min. | Avg. | Max. | ELV Ilgia\(/i
[AT 008] Precipitgtiop-Coggulqtion and flocculation-Sedimentation-
w 1 —| Neutralisation-Filtration (e.g. gravel filter, sand filter)-lon | 2 | 2.00 | 2 30 -
! exchange resins
[NL_002] Chemical reduction-Neutralisation-Coagulation and
- —| flocculation-Sedimentation-Filtration (e.g. gravel filter, 0.7 | 225 3 20 -
w {4}
sand filter)
[IT_006] Coagulation and ﬂoccu!aylon'-Chemlcal reduction- 05 1151 32 | 200 i
w {1} Precipitation
[NL_002] Neutralisation-Coagulation and flocculation- 133 1225 | 33 25 i
w {2} Sedimentation-Filtration (e.g. gravel filter, sand filter) ) ) ]
[AT 021] Neutralisation-Precipitation-Filtfation (e.g. gtavel filter,
Ny 1} - sand filter)-Ion exchange resins-Coagulation and 4.5 1450 .45 - -
! flocculation
[NL 002] Chemical reduction-Neutralisation-Coagulation and
T3 flocculation-Sedimentation-Filtration (e.g. gravel filter, 1.7 1242 |5 10 -
w {3}
sand filter)
Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-Filtration
[FR_036] (e.g. grayel filter, san.d ﬁ.lter)-Eva}pQraFion (e.g. vacuum
wi{l ) —| evaporation)-Neutralisation-Precipitation-Use of buffer - 6.62 - 30 -
tanks to reduce waste water and emission load peaks-
Precipitation-Physical separation (e.g. screens, sieves, grit
separators, grease separators, oil-water'separation)-
Filtration (e.g. gravel filter, sand filter)-Neutralisation
[FR_009] . . . 9
w {1} Coagulation and flocculation-Neutralisation - 6.71 - 30 -
[A\Tv—g) }9]— Evaporation (e.g-/vacuumrevaporation) 2.8 - 74 | 30 -
Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
[SE 005] | reduction-Adsorption techniques — activated carbon- 10 10 10 ) i
w {1} Filtration (e.g. gravelfilter;sand filter)-lon exchange
liquid- liquid-Membrane ‘micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation
[AT 007] Adserption techniques — activated carbon-lon exchange
- —| resins-Chemicaliteduction-Coagulation and flocculation- | 12 |12.00| 12 | 150 -
w{l} S g .
Precipitation-Sedimentation
Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g. gravel
[BE.O18]. filter, sand filter)-Ion exchange resins- > 440! 14 40 i
w {1}n. [Nitrification/denitrification-Reverse osmosis-Precipitation- ‘
Membrane micro/ultra/nano filtration-Use of buffer tanks
to reduce waste water and emission load peaks
Chemical oxidation (e.g. Electrolytic/anodic, radiation
[FR 011] | assisted)-Neutralisation-Coagulation and flocculation- 2 l1064! 15 ) i
w {1} Precipitation-Sedimentation-Filtration (e.g. gravel filter, '
sand filter)-Ion exchange resins
[FR_012] Chemical reduc'tior}-Chemical rgduction-Chemicgl
wi{l ) —| reduction-Neutralisation-Coagulation and flocculation- 24 19.10 | 16 30 -
Filtration (e.g. gravel filter, sand filter)
[ES _031]_|Neutralisation-Physical separation (e.g. screens, sieves, grit 12 114671 17 ) i
w {1} separators, grease separators, oil-water separation) )
[IT;({)??L Coagulation and flocculation-Ion exchange resins 4 110.83| 18 | 400 -
[ES 023]_ Chemical reduction-Coagulation and flocculation- 5 950 | 186 | 30 i
w{l} Filtration (e.g. gravel filter, sand filter) ) )
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Filtration (e.g. gravel filter, sand filter)-Neutralisation-

[AT_012]_ Precipitation-lon exchange resins-Coagulation and - 119.00| - 30 -
w {2} . . .
flocculation-Sedimentation
Absorption-Chemical oxidation (e.g. Electrolytic/anodic,
[IT_029] radiation.assiSFed)—.Chemical reduction-Coagulation and
W n —| flocculation-Filtration (e.g. gravel filter, sand filter)-lon 5 850 | 19 | 200 -
exchange resins-Precipitation-Sedimentation-Evaporation
(e.g. vacuum evaporation)
[AT 009] Precipitgtio'n-Cozflgulgtion and flocculation-Sedimentation-
wi{l} —| Neutralisation-Filtration (e.g. gravel filter, sand filter)-Ion | 16 |17.60| 23 30 -
exchange resins
Ion exchange resins-Precipitation-Coagulation and
flocculation-Sedimentation-Neutralisation-Filtration (e.g.
[AT _009] | gravel filter, sand filter)-Specific abatement of PFOS, 6:2 42 1455] 252 |30 )
w {2} |FTS or other PFAS by adsorption on activated carbon, ion| ’ '
exchange resins or other adsorbents-Evaporation (e.g.
vacuum evaporation)
[ES_031]_|Neutralisation-Physical separation (e.g. screens, sieves, grit
. . 5 (16.00| 27 - -
w {3} separators, grease separators, oil-water separation)
Chemical reduction-Chemical oxidation (e.g.
[AT 003] Electroly.tic/anodi.c,.radiation a.ssisted).-Coagulation and
w_{ 1} —| flocculation-Precipitation-Sedimentation-lon exchange 0 [13.00| 28 30 -
resins-Filtration (e.g. gravel filter, sand filter)-Biological
treatment- Activated sludge process
[st?]o}?]i Precipitation-Coagulation and flocculation 1 |10.81]29.2 | 30 (30.00
[CZ 010] | Neutralisation-Coagulation and flocculation-Flotation- 10 12000l 30 ) )
w {1} Sedimentation-Filtration (e.g. gravel filter, sand filter) )
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
[AT 020] | flocculation-Filtration (e.g. gravel filter, sand filter)-Ton 147 [17.821 32 | 150 )
w {1} |exchange resins-Neutralisation-Precipitation-Use of buffer | '
tanks to reduce waste water and emission load peaks-
Adsorption techniques — activated carbon-Sedimentation
[AT 011] Chemical redﬁuction-.Coagulation and ﬂoc?ulatif)n— .
w_{ 1} —| Precipitation-Sedimentation-lon exchange resins-Filtration| 13 |18.00| 36 50 -
(e.g. gravel filter, sand filter)-Ion exchange resins
[FR 015] Chemical oxidat.ion (e.g. Electrolytic/anodic, radigtiop
w_{l ) —l|assisted)-Coagulation and flocculation-Other-Precipitation-| 2 | 9.68 | 36.9 [ 30 | 0.46
Filtration (e.g. gravel filter, sand filter)
[AT 006] Coagulqtiop and 'ﬂocgulation-Precipitation-Sedimentation-
wi{l} —| Neutralisation-Filtration (e.g. gravel filter, sand filter)-Ion | 6.6 |17.87| 37 50 -
exchange resins
[CZ 010] |  Neutralisation-Coagulation and flocculation-Flotation-
: . 14 |31.67| 50 - -
w {2} Sedimentation
[FR_006] Prec1p1tat10n-Coagulatlgn and flocculation-Biological 1 112.08] 54 30 130.00
w {2} treatment- Activated sludge process
[FR_034] Neutralisation-Coagulation and flocculation-Filtration (e.g.
wi{ 1 —| gravel filter, sand filter)-Use of buffer tanks to reduce 2 | 893 | 54 20 | 0.08
waste water and emission load peaks
[ITN—??(})]— Coagulation and flocculation 10 (17.67| 56 | 200 | 0.60
[ES_004] Neutrallsatlon-Other—CoagulaFlon and flocculation- 5 549 | 59 | 100 )
w {1} Sedimentation
Coagulation and flocculation-Filtration (e.g. gravel filter,
[BG_013] sand filter)-Neutralisation-Sedimentation-Physical 5 l1a18] 68 ) )
~w{l} separation (e.g. screens, sieves, grit separators, grease ’
separators, oil-water separation)
[ES_031]_[Neutralisation-Physical separation (e.g. screens, sieves, grit
. . 24 14433 70 - -
w {2} separators, grease separators, oil-water separation)
[ES _013] | Adsorption techniques — activated carbon-Neutralisation- 3 |3005! 71 500 )

wily

Coagulation and flocculation-Crystalisation-Flotation-Ion
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exchange resins

Precipitation-Coagulation and flocculation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-

[AT 010] | Evaporation (e.g. vacuum evaporation)-Electrolysis-
. . . . 7990 - 150 -
w {1} Evaporation (e.g. vacuum evaporation)-Sedimentation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-lon
exchange resins
Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-Neutralisation-
[BE 001] | Sedimentation-Adsorption techniques — activated carbon-
— : . . . . 19.00| 93 - -
w {1} Sedimentation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-
Filtration (e.g. gravel filter, sand filter)
[FR_035] Chemical reduction-Evaporation (e.g. vacuum
w_{ 1} —| evaporation)-Coagulation and flocculation-lon exchange 21.32| 140¢| 60 | 0.13
resins-Neutralisation-Ton exchange resins
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3.21.4 Fluorides

The reported data for fluorides emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-4.

Emissions to water
Fluorides:

@® Min. Concentration Avg. Concentration @ Max. Concentration = ELV

Source: [168, TWG 2023]

Figure 3-5: Fluorides emissions to water in electrolytic or chemical plating plants
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Table 3-4: Reported data and contextual information for fluorides emissions to water in
electrolytic or chemical plating plants
Elll)l:)si:fn Abatement technique(s) Min. | Avg. | Max. | ELV (;/32(;)
Evaporation (e.g. vacuum evaporation)-Filtration (e.g.
[BE 003] | gravel filter, sand filter)-Ion exchange liquid- liquid-
w {1} Neutralisation-Reverse osmosis-Use of buffer tanks to 0.00°1/0.00 1 0.00 1 5.00 )
reduce waste water and emission load peaks
[FR_034] Neutralisation-Coagulation and flocculation-Filtration
wi{l | - (e.g. gravel filter, sand filter)-Use of buffer tanks to - 0.01 - | 15.00 -
reduce waste water and emission load peaks
[AT 012] Filtratipp (e'.g. gravel filter, sand'ﬁlter)-Neutr'alisation-
wi{l | - Precipitation-Ton exchange resins-Coagulation and 0.05 | 0.08 | 0.10 |20.00 -
flocculation-Sedimentation
Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on activated
[BE 015] carbon, if)n exchange resing or other. adsorbents-Physical
w_{l} —| separation (e.g. screens, sieves, grit separators, grease | 0.12 | 0.12 110.12 | 0.90 -
separators, oil-water separation)-Neutralisation-
Sedimentation-Biological treatment- Activated sludge
process-Sedimentation-Filtration (e.g. gravel filter, sand
filter)
Chemical reduction-Coagulation and flocculation-
[FR_018] | Elimination and/or separation of the individualpollutants 010 | 0121019 |15.00 )
w {1} |at the point of generation-Filtration (e.g. gravel filter, sand | ’ ’ '
filter)-lon exchange resins-Neutralisation-Precipitation
[ES_024] Neutralisation-Coagulation and.floeculation-
w {1} Sedimentation-Other 0.09 1 0.17:1°0.2015.00 )
Neutralisation-Coagulation and flocculation-Use of buffer
[BE 040] | tanks to reduce waste water and emission loadpeaks-Use 020 1 020 10201 10 )
w {1} of buffer tanks to reduce waste water and emission load ' ' ’
peaks-Filtration (elg. gravel filtery.sand filter)
[ES 030] Chemical reduction-Coagulation and flocculation-
w {1} Filtration (e.g. gravel filter; sand filter)-Precipitation 0.20/0.2010.20 ) 10 )
[ES 010] Chemical reduction-Coagulation and flocculation-
w {1} Filtration (e.g. gravelfilter; sand filter)-Precipitation 0.20/]0.20 1 0.24 ) 10 )
[IT_008] Chemi(%al oxidation'(e.g. Elect'rolytic/anodi'c, radiation
v;{l | - assisted)-Chemical reduction-Coagulation and 0.10 | 0.12 | 0.33 | 6.00 | 26.96
flocculation
Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-Filtration
[FR”036] (e.g. gra\./el filter, san‘d ﬁ}ter)-EVQppraFion (e.g. vacuum
wi{ ) ~|n.evaporation)-Neutralisation-Precipitation-Use of buffer - 0.39 - 10 -
tanks to reduce waste water and emission load peaks-
Precipitation-Physical separation (e.g. screens, sieves, grit
separators, grease separators, oil-water separation)-
Filtration (e.g. gravel filter, sand filter)-Neutralisation
Chemical oxidation (e.g. Electrolytic/anodic, radiation
[FR O011] | assisted)-Neutralisation-Coagulation and flocculation- i 053 . ) )
w {1} Precipitation-Sedimentation-Filtration (e.g. gravel filter, '
sand filter)-Ion exchange resins
Coagulation and flocculation-Precipitation-Neutralisation-
[AT 015] | Sedimentation-Filtration (e.g. gravel filter, sand filter)- i 0.74 12000 )
w {1} Physical separation (e.g. screens, sieves, grit separators, ' ’
grease separators, oil-water separation)
[FR_006] Precipitation-Coagulatipn and flocculation-Biological 023 | 046 | 1.00 115.00! 51.20
w {2} treatment- Activated sludge process-
[AT 011] Chemigal reductiqn-Coagulation and ﬂocculat.ion-
w_{ 1} - Precipitation-Sedimentation-lon exchange resins- 0.75 1 0.85 | 1.00 {20.00 -
Filtration (e.g. gravel filter, sand filter)-lon exchange
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Ellr)l(l)si::m Abatement technique(s) Min. | Avg. | Max. | ELV (;/?11‘;)
resins
[IT;({)?(})L Coagulation and flocculation 0.29 { 0.83 | 1.20 |12.00| 12.96
Chemical oxidation (e.g. Electrolytic/anodic, radiation
[CZ 011] | assisted)-Coagulation and flocculation-Neutralisation- 014 | 087 | 1.91 | 2.00 i
w {1} | Sedimentation-Adsorption techniques — activated carbon- | ’ ’ ’
Ion exchange liquid- liquid
[AT 012] Filtratipl? (e..g. gravel filter, sand.ﬁlter)-Neutrglisation-
iy 21 - Precipitation-lon exchange resins-Coagulation and - 2.10 - 120.00 -
! flocculation-Sedimentation
Equalisation-Chemical oxidation (e.g. Electrolytic/anodic,
radiation assisted)-Chemical reduction-Neutralisation-
[IT _002] | Coagulation and flocclation-Precipitation-Sedimentation-
w {1} Filtration (e.g. gravel filter, sand filter)-lon exchange 0.20-1 1.06) 21074 6.00 1 32.00
resins-Biological treatment- Activated sludge process-
Nitrification/denitrification
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
[AT 020] | flocculation-Filtration (e.g. gravel filter, sand filter)-Ion
w {1} |exchange resins-Neutralisation-Precipitation-Use of buffer 152 112:1271:2.69 120.00) 188.00
tanks to reduce waste water and emission load peaks-
Adsorption techniques — activated carbon-Sedimentation
[H;v—???]— Coagulation and flocculation-Ion exchange resins 0.50 [ 0.90 | 2.90 [12.00 -
[FR_?24]_ Chemical reductlon—Neutrah;atlon-(?oagulatlon and 0551159379 | 8.70 i
w {1} flocculation-Sedimentation
Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
[SE 005] | reduction-Adsorption techniques — activated carbon- 110 1271 1 420 | 10 i
w {1} Filtration (e.g. gravel filter, sand filter)-lon exchange ’ ' '
liquid- liquid-Membrane micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation
[AT_009] y .
w13} Evaporation (e.g. vacuum evaporation) 438 | 4.38 | 4.38 {20.00 -
[AT 008] Precipitgtiop-Coggulqtion and flocculation-Sedimentation-
wi{l} —| Neutralisation-Filtration (e.g. gravel filter, sand filter)-Ion| 0.10 | 2.75 | 5.00 | 10 -
exchange resins
[BE*?]]}F) L Coagulation and flocculation - 5.91 - 9.00 -
[FR_?20]_ Other 2.06 | 485 | 6.24 | - -
w {1}
[Fljv_?l() }9 L Coagulation and flocculation-Neutralisation - 6.44 - |15.00 -
Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-Neutralisation-
[BE _001]_[ Sedimentation-Adsorption techniques — activated carbon-
{1} Sedimentation-Physical separation (e.g. screens, sieves, 0.33 | 1.83 ) 780 - i
Wi y p g >
grit separators, grease separators, oil-water separation)-
Filtration (e.g. gravel filter, sand filter)
[FR_006] o . .
w1} Precipitation-Coagulation and flocculation 0.20 | 2.64 | 8.10 | 15.00|873.28
Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g. gravel
[BE 018] filter, sand filter)-Ion exchange resins-
w e 1 - Nitrification/denitrification-Reverse osmosis- 430 | 6.05 | 8.60 | 10 -
! Precipitation-Membrane micro/ultra/nano filtration-Use of
buffer tanks to reduce waste water and emission load
peaks
[F R_?l4]_ Chemical reductlon-Cheml.cal reduction-Chemical 085 | 426 [11.20115.00 i
w {1} reduction
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EI;:;::“ Abatement technique(s) Min. | Avg. [Max. | ELV (;/3:(;)
Adsorption techniques — activated carbon-Coagulation and
[ES 009] | flocculation-Evaporation (e.g. vacuum evaporation)-
w {1} Filtration (e.g. gravel filter, sand filter)-lon exchange 0-58 1 6.01 | 13.41112.00 )
resins
Chemical reduction-Chemical oxidation (e.g.
[AT 003] Electroly.tic/anodi'c,.radiation qssisted)-Coagulation and
w_‘l} —| flocculation-Precipitation-Sedimentation-Ion exchange | 1.00 | 3.41 [16.00|20.00 -
! resins-Filtration (e.g. gravel filter, sand filter)-Biological
treatment- Activated sludge process
[SE_006] Chemical reduction-Neutralisation-Precipitation-
—;11 | Coagulation and flocculation-Sedimentation-Filtration | 0.13 | 3.60 |17.00|25.00| 39.00
w il (e.g. gravel filt d filt
.g. gravel filter, sand filter)
[FR_015] Chemic'al oxidation (e.g. Electrolytic/ajodic, radiation
wi{l} - assisted)-Coagulation and flocculation-Other- 0.10 | 1.87 |19.82}.15.00 -
Precipitation-Filtration (e.g. gravel filter, sand filter)
[AT 005] Neutralisation-Precipitation-F iltr.ation (e.g. gl.ravel filter,
w_{2} - sand filter)-lon exchange resins-Coagulation and 1.59 | 6.737}20.00 (20.00|363.50
flocculation
[AT 007] Adsorption t.echniques.— activated c.arbon-lon exchapge
w_{ 1} —| resins-Chemical reduction-Coagulation and flocculation-_| 0.04 {14¢89 120.00|20.00 -
Precipitation-Sedimentation
Precipitation-Coagulation and flocculation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
[AT7?10]7 Evapora.tlon (e.g. vacuum evapora:tlon)-Ele.:ctrolyS}s- 300 113.50120.00120.00 )
w {1} Evaporation (e.g. vacuum evaporation)-Sedimentation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-Ion
exchange resins
[AT 021] Neutralisation-Precipitation-Filtr'ation (e.g. gyavel filter,
wi{l} - sand filter)-Ion exchange resins-Coagulation and 2.00 110.50{20.0020.00|280.46
flocculation
[Bi—?ll; L Coagulation and flocculation - 120.00f - [15.00 -
[FR 035] Chgmical reductign-Evaporation (;.g. vacuum
w_{l} —| evaporation)-Coagulation and flocculation-Ion exchange | 0.10 | 7.08 {27.80|15.00|202.79
resins<Neutralisation-lon exchange resins
[FR 017] . .
w_{l} - Chemical reduction 7.20 119.41130.0015.00 -
[DE_045]_ Other - - 150.00| - -
w {1}
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3.21.5 AOX

The reported data for AOX emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-5.

Emissions to water
AOX:

@ Min. Concentration Avg. Concentration @ Max. Concentration = ELV
400

300

200

100

This

issions to water doto per parameter based on 3 years of e

ource: [168, TWG 2023]

Figure 3-6: AOX emissions to water in electrolytic or chemical plating plants
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Table 3-5:

Reported data and contextual information for AOX emissions to water in
electrolytic or chemical plating plants

EI;:;::“ Abatement technique(s) Min. | Avg. [Max. | ELV (;/3:(;)
[AT 021] Neutralisation-Precipitation-F iltr.ation (e.g. gl.ravel filter,
w_{ 1} - sand filter)-lon exchange resins-Coagulation and 0.02 | 0.02 | 0.02 - -
flocculation
[AT 008] Precipit?ltio'n—Coz'lgula'tion and flocculation-Sedimentation-
wifl} —| Neutralisation-Filtration (e.g. gravel filter, sand filter)-Ton| 0.02 | 0.02 | 0.03 | 1.00 -
! exchange resins
[C\%V*?]O}] L Neutralisation-Sedimentation 0.00 | 0.00 | 0.04 | 0.50 -
[FR_015] Chemic'al oxidation (e.g. Electrolytic/ajodic, radiation
w (] | - assisted)-Coagulation and flocculation-Other- 0.01 | 0.01 | 0.0571:5.00 -
! Precipitation-Filtration (e.g. gravel filter, sand filter)
[AT 007] Adsorption t.echniquesf activated c'arbon-Ion exchaljge
wi{l} —| resins-Chemical reduction-Coagulation and flocculation- | 0.05 | 0.05 1 .0.05 | 0.50 -
Precipitation-Sedimentation
[FR_024] | Chemical reduction-Neutralisation-Coagulation and
. . . - 1005 - - -
w {1} flocculation-Sedimentation
[Bi—?ll}o L Coagulation and flocculation . 0:06 - - -
[FR 034] Neutralisation-Coagulation and flocculation-Filtration
w_{l} —|  (e.g. gravel filter, sand filter)-Use of buffer tanks to 0:00 | 0.05 | 0.10 | 1.00 | 2.65
reduce waste water and emission load peaks
[AT 005] Neutralisation-Precipitation-F iltr'ation (e:g. gravel filter,
w_‘2} - sand filter)-Ion exchange resins:Coagulation and 0.05 | 0.07 | 0.10 - -
! flocculation
Precipitation-Coagulation and flocculation-Chemical
oxidation (e.g. Electrolytie/anodic,radiation assisted)-
[AT 010] | Evaporation (e.g. vacuum eyaporation)-Electrolysis-
. . . . . - 10.11 - 1.00 -
w {1} Evaporation (e.g. vacuum evaporation)-Sedimentation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-Ion
exchange resins
[AT 006] Coagulqtior} and .ﬂocc.ulation-Precipitation-Sedimentation—
w_{l ) —| Neutralisation-Filtratien (e:g. gravel filter, sand filter)-Ion| 0.03 | 0.06 | 0.12 - -
exchange resins-
[CZ 010]_ Neutrallsanon-Coagulat.lon and.ﬂocculatlon—F lotation- 001 100510121020 442
w {2} Sedimentation
[DE 077]«
w {1} - - 012 - - -
Filtration (e.g. gravel filter, sand filter)-lon exchange
[AT_004] |mresins-Coagulation and flocculation-Chemical reduction-
w {1} Sedimentation-Neutralisation-Chemical oxidation (e.g. 0.06/1/0.07: 015 1 1.00 )
Electrolytic/anodic, radiation assisted)-Precipitation
[DE_048]_ - - 10.06|0.15 - -
w {1}
Neutralisation-Coagulation and flocculation-Use of buffer
[BE 040] | tanks to reduce waste water and emission load peaks-Use
w {1} of buffer tanks to reduce waste water and emission load 0-00°1/0.05 1 0.17:1.0.10 )
peaks-Filtration (e.g. gravel filter, sand filter)
Coagulation and flocculation-Precipitation-Neutralisation-
[AT 015] | Sedimentation-Filtration (e.g. gravel filter, sand filter)-
. . . . - 1024 - 1.00 -
w {1} Physical separation (e.g. screens, sieves, grit separators,
grease separators, oil-water separation)
[FR_006] Prec1p1tat10n—C0agulat19n and flocculation-Biological 007 101410261100/ 1853
w {2} treatment- Activated sludge process
[FR_006] o . .
w_{l ) - Precipitation-Coagulation and flocculation 0.03 | 0.07 | 0.28 | 1.00 | 15.63
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Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-Filtration
[FR_036] (e.g. grayel filter, san.d ﬁ.lter)-Evgpf)raFion (e.g. vacuum
w_{l} - evaporatlon)—Neutrahsatlon—Prec1p1ta}t1(?n—Use of buffer - 0.28 - 5.00 -
tanks to reduce waste water and emission load peaks-
Precipitation-Physical separation (e.g. screens, sieves, grit
separators, grease separators, oil-water separation)-
Filtration (e.g. gravel filter, sand filter)-Neutralisation
[AT _005] | Neutralisation-Precipitation-Filtration (e.g. gravel filter, 0.10 | 017 | 030 i i
w {1} sand filter)
[CZ 010] | Neutralisation-Coagulation and flocculation-Flotation-
w {1} Sedimentation-Filtration (e.g. gravel filter, sand filter) 0.05110.3510.20710.30 1 8.57
Chemical reduction-Coagulation and flocculation-
[AT 0117 Precipitation-Sedimentation-Ion exchange resins-
w {1} Filtration (e.g. gravel filter, sand filter)-lon exchange 0111 0.12:10.36 | 1.00 i
resins
Adsorption techniques — activated carbon-Chemical
reduction-Chemical oxidation (e.g. Electrolytic/anodic,
[DE. 060] radiation gssisted)—Filtration (e.g. grave} ﬁlﬁer, sand filter)-
w_{l} —| Neutralisation-Ion exchange liquid- liquid-Membrane - - 0.41 | 1.00 -
micro/ultra/nano filtration-Use of buffer tanks to reduce
waste water and emission load peaks-Sedimentation-
Precipitation
Neutralisation-Precipitation-Flotation-Filtration (e.g.
[DE _079] gravel filter, sand filter)-Evaporation (e.g. vacuum ) i 0.43 i i
w {1} |evaporation)-Physical separation (e.g. screens, sieves, grit '
separators, grease separators, oil-water separation)
[CZ 006] | Neutralisation-Coagulation and flocculation-Filtration 0.03 1017 | 050 i i
w {1} (e.g. gravel filter, sand filter) ] ] )
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
[AT 020] | flocculation-Filtration (e.g. gravel filter, sand filter)-Ion
w {1} [exchange resins-Neutralisation-Precipitation-Use of buffer 0151 0:28 1 0.54 1 1.007110.50
tanks to reduce waste water and emission load peaks-
Adsorption techniques — activated carbon-Sedimentation-
Ion exchange resins-Precipitation-Coagulation and
flocculation-Sedimentation-Neutralisation-Filtration (e.g.
[AT _009] | gravel filter, sand filter)-Specific abatement of PFOS, 6:2 038 | 047 1 058 | 1.00 i
w {2} FTS or other PFAS by adsorption on activated carbon, ’ ’ ' '
ion exchange resins or other adsorbents-Evaporation (e.g.
vacuum evaporation)
[AT 009] Precipitgtiop-Coggulqtion and flocculation-Sedimentation-
wi{l} —| Neutralisation-Filtration (e.g. gravel filter, sand filter)-Ion | 0.22 | 0.29 | 0.59 | 1.00 -
exchange resins
[Fljv—?llg]— Chemical reduction 0.12 { 0.22 | 0.59 | 5.00 -
Chemical reduction-Chemical oxidation (e.g.
[AT 003] Electroly.tic/anodi.c,.radiation qssisted)—Coagulation and
w_{l} —| flocculation-Precipitation-Sedimentation-lon exchange | 0.10 | 0.28 | 0.68 | 1.00 -
resins-Filtration (e.g. gravel filter, sand filter)-Biological
treatment- Activated sludge process
Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-Neutralisation-
[BE 001]_ Sedlmentathn-Adsorptlon techn}ques — activated cgrbon- 002 10151073 | 0.40 i
w {1} Sedimentation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-
Filtration (e.g. gravel filter, sand filter)
Chemical reduction-Coagulation and flocculation-
[FR 018] | Elimination and/or separation of the individual pollutants 013 1 041 1 0851 1.00 i
w {1} |at the point of generation-Filtration (e.g. gravel filter, sand| ' ' '
filter)-Ion exchange resins-Neutralisation-Precipitation
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Chemical oxidation (e.g. Electrolytic/anodic, radiation
[FR 011] | assisted)-Neutralisation-Coagulation and flocculation- i 0.97 . 500 )
w {1} Precipitation-Sedimentation-Filtration (e.g. gravel filter, ' ’
sand filter)-Ion exchange resins
[DE_045]_ Other- - - 1.00 - -
w {1}
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Electrolysis-Elimination and/or separation of
[DE _036] the individual pollutants at the point of generation- i i 110 | 1.00 )
w {1} Filtration (e.g. gravel filter, sand filter)-Ion exchange ’ ’
resins-Neutralisation-Other-Sedimentation-Use of buffer
tanks to reduce waste water and emission load peaks-
Adsorption techniques — activated carbon
Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual pollutants
at the point of generation-Filtration (e.g. gravel filter, sand
[DE 037]_ filter)-Ion exchange resins-Neutralisation-Specific i 4 o | 1.00 )
w {1} abatement of PFOS, 6:2 FTS or other PFAS by ’ )
adsorption on activated carbon, ion exchange resins or
other adsorbents-Sedimentation-Use of buffer tanks to
reduce waste water and emission load peaks
[FR_020]_ Other 026|063 | 150 | - | -
w {1}
[Fljvf?]() }9 L Coagulation and flocculation-Neutralisation - 1.71 - 5.00 -
[FR_012] Chemical reduc'tion'-Chemical r§duction-Chemicgl
wi{l | —| reduction-Neutralisation-Coagulation and flocculation-/ | 0.82 | 1.71 | 3.20 | 5.00 -
Filtration (e.g. gravel filter,Sand filter)
[FR_014] Chemical reductlon-Chemlpal reduction-Chemical 046 | 152 | 3.81 ) )
w {1} reduction
Chemical reduction-Coagulation and fleeculation-
Filtration (e.g. gravel filter, sand:filter)-Neutralisation-
[DE 025] | Physical separation (eg:screens, sieves, grit separators, i i 550 ) )
w {1} grease separators; oil-water separation)-Adsorption ’
techniques — activated carbon-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Precipitation
[FR_035] Che.mical reductign-Evaporation (Fa.g. vacuum
wi{l | —| evaporation)-Coagulation and flocculation-lon exchange | 0.02 | 0.89 |29.14| 5.00 -
resins=Neutralisation-lon exchange resins
(Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g. gravel
[BE_015] ' 1‘"11ter, 'sand ﬁl'te'r)-lor? exchange resins- '
wi{ ) - \ Nlt.rlﬁcatlon/demtrlﬁcatlon-Reverse 0SMOsis- 0.02 | 7.28 [53.00 -
Precipitation-Membrane micro/ultra/nano filtration-Use of|
buffer tanks to reduce waste water and emission load
peaks
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3.2.1.6

Cyanides

The reported data for cyanide emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-6.

Emissions to water
Cyanide:
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Figure 3-7: Cyanide emissions to water in electrolytic or chemical plating plants
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Table 3-6:

in electrolytic or chemical plating plants

Reported data and contextual information for cyanide emissions to water

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/day)

[F1 002] w {1}

Precipitation-Flotation-lon exchange resins-Filtration
(e.g. gravel filter, sand filter)

0.00

0.50

[BE_020] w {1}

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Sedimentation-Other

0.00

[AT 007] w {1}

Adsorption techniques — activated carbon-lon exchange
resins-Chemical reduction-Coagulation and
flocculation-Precipitation-Sedimentation

0.00

0.00

0.00

0.10

[BE_040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

0.00

0.00

0:00

0.10

[SE_005] w {1}

Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Adsorption techniques — activated carbon-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
liquid- liquid-Membrane micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation

0.00

0.00

0.00

0.50

[AT_012]_w {2}

Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Precipitation-lon exchange resins-Coagulation and
flocculation-Sedimentation

0.01

0.10

[CZ 002] w {1}

Neutralisation-lon exchange resins-Filtration (e‘g.
gravel filter, sand filter)-Adsorption techniques —
activated carbon-Chemical oxidation (e.g.
Electrolytic/anodie, radiation assisted)

0.01

0.01

0.01

0.20

[FR _012] w {1}

Chemical reduction-Chemiecal reduction-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.01

[FR_034] w {1}

Neutralisation-Coagulation‘and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.01

0.10

[IT_008] w {1}

Chemieal oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation

0.01

0.01

0.01

0.50

1.87

[IT_029] W {1}

Absorption-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Precipitation-Sedimentation-Evaporation (e.g. vacuum
evaporation)

0.01

0.01

0.01

1.00

5.38

[IT_032]w {1}

Coagulation and flocculation-lIon exchange resins

0.02

0.02

0.02

1.00

[AT 010] w {1}

Precipitation-Coagulation and flocculation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Evaporation (e.g. vacuum evaporation)-Electrolysis-
Evaporation (e.g. vacuum evaporation)-Sedimentation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Ion exchange resins

0.01

0.01

0.03

0.10

[CZ 010]_w {2}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation

0.00

0.00

0.03

0.30

0.57

[DE 048] w {1}

0.01

0.03

[FR_020] w {1}

Other

0.01

0.02

0.03

[BG_006] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Adsorption techniques — activated
carbon-Physical separation (e.g. screens, sieves, grit

0.00

0.01

0.05

1.50
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separators, grease separators, oil-water separation)-Use
of buffer tanks to reduce waste water and emission load
peaks

[ES 024] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Other

0.01

0.03

0.05

[ES 009] w {1}

Adsorption techniques — activated carbon-Coagulation
and flocculation-Evaporation (e.g. vacuum
evaporation)-Filtration (e.g. gravel filter, sand filter)-
Ton exchange resins

0.05

0.05

0.05

3.00

[ES 013] w {1}

Adsorption techniques — activated carbon-
Neutralisation-Coagulation and flocculation-
Crystalisation-Flotation-lon exchange resins

0.05

0.05

0.05

0.50

[IT_002] w {1}

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

0.05

0.05

0.05

0.50

16.00

[FR 017] w {1}

Chemical reduction

0.01

0.03

0.05

0.10

[FR_015] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.05

0.05

0.06

[IT_031] w {1}

Coagulation and flocculation

0.02

0.03

0.06

1.00

[BE_001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.01

0.01

0.08

[ES 002] w {1}

Coagulation and flocculation-Filtration (e.g. gravel
filter, sand filter)

0.03

0.04

0.08

0.50

[CZ 010] w {1}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.00

0.01

0.09

0.20

0.45

[DE_025] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Physical separation (e.g. screens, sieves, grit separators,

grease separators, oil-water separation)-Adsorption
techniques — activated carbon-Chemical oxidation (e.g.

Electrolytic/anodic, radiation assisted)-Precipitation

0.09

[FR_014] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction

0.09

0.09

0.10

0.10

[CZ011]. w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Neutralisation-
Sedimentation-Adsorption techniques — activated
carbon-lon exchange liquid- liquid-

0.00

0.04

0.14

0.20

[DE 045] w {1}

Other

0.20

[FI_005]_w {1}

0.00

0.07

1.50

0.20

[AT_003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-
Biological treatment- Activated sludge process

0.00

0.03

2.00

2.00

[DK_001] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins

0.04

1.55

4.50

1.00
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3.21.7 HOI

The reported data for HOI emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-7.

Emissions to water
Hydrocarbon oil index (HOI):

® Min, Concentration Avg. Concentration @ Max, Concentration = ELV
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Source: [168, TWG 2023

Figure 3-8: HOI emissions to water in electrolytic or chemical plating plants
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Table 3-7:

electrolytic or chemical plating plants

Reported data and contextual information for HOI emissions to water in

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da

Y)

[FR 014] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction

0.00

0.00

0.00

5.00

[IT_013] w {1}

Chemical reduction

0.00

0.00

10

0

[AT 011] w {1}

Chemical reduction-Coagulation and flocculation-
Precipitation-Sedimentation-Ion exchange resins-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins

0.05

0.05

0.05

[AT_021] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

0.05

0.05

0.05

[AT_015] w {1}

Coagulation and flocculation-Precipitation-
Neutralisation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-Physical separation (e.g. screens,
sieves, grit separators, grease separators, oil-water

separation)

0.05

[AT_007] w {1}

Adsorption techniques — activated carbon-lon exchange
resins-Chemical reduction-Coagulation and
flocculation-Precipitation-Sedimentation

0.06

0.06

0.06

15

[AT_009] w {3}

Evaporation (e.g. vacuum evaporation)

0.06

0.06

0.06

[AT 004] w {1}

Filtration (e.g. gravel filter, sand filter)-lon exchange
resins-Coagulation and flocculation-Chemical
reduction-Sedimentation-Neutralisation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation

0.02

0.04

0.08

15

[AT_009] w {1}

Precipitation-Coagulation and flocculation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-Ion exchange resins

0.08

0.08

0.08

[AT_009] w {2}

Ton exchange resins-Precipitation-Coagulation and
flocculation-Sedimentation-Neutralisation-Filtration
(e.g. gravel filter, sand filter)-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Evaporation (e.g. vacuum evaporation)

0.06

0.07

0.08

[AT_020] 'w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Filtration (e.g. gravel filter, sand filter)-lon
exchange resins-Neutralisation-Precipitation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon-
Sedimentation

0.08

0.08

0.08

15

[FR_024] w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.05

0.05

0.08

2.80

[AT_008] w {1}

Precipitation-Coagulation and flocculation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins

0.10

0.10

0.10

[AT_010] w {1}

Precipitation-Coagulation and flocculation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Evaporation (e.g. vacuum evaporation)-Electrolysis-
Evaporation (e.g. vacuum evaporation)-Sedimentation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Ion exchange resins

0.10

15

[FR_015]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.03

0.10

0.10

[FR 034] w {1}

Neutralisation-Coagulation and flocculation-Filtration

0.10
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(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

[FR_036] w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water and emission
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

0.10

[SE_005] w {1}

Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Adsorption techniques — activated carbon-
Filtration (e.g. gravel filter, sand filter)-lon exchange
liquid- liquid-Membrane micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation

0.50

0.56

0.88

[BG_013] w {1}

Coagulation and flocculation-Filtration (e.g. gravel
filter, sand filter)-Neutralisation-Sedimentation-
Physical separation (e.g. screens, sieves, grit separators,
grease separators, oil-water separation)

0.06

0.39

[IT_002] w {1}

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemieal
reduction-Neutralisation-Coagulation and. flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

[FR_011]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand“filter)-lon exchange resins

1.02

1.16

[AT 003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-
Biological treatment- Activated sludge process

0.64

[FR_006] w {2}

Precipitation-Coeagulation and flocculation-Biological
treatment- Activated sludge process

0.02

0.30

2.10

99.60

[FR_017] w417

Chemical reduction

0.20

0.62

2.40

[SE_005], w {2}

Evaporation (e.g. vacuum evaporation)

3.50

[FR_006]\w (1}

Precipitation-Coagulation and flocculation

0.05

0.46

3.70

[ES_031aw\(3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

19.15

40

[ES_0311w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

27

67

[ES 031] w {1}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

35.63
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3.2.1.8 Metals

3.2.1.8.1 Ag

The reported data for Ag emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-8.

Emissions to water

Silver (Ag) and its compounds:

® Min. Concentration Avg. Concentration @ Max. Concentration = ELV
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Figure 3-9: Ag emissions to water in electrolytic or chemical plating plants

184 February 2025 DDG/GCH/ES/EU-BRITE/STM_Draft 1



Chapter 3

Table 3-8:

electrolytic or chemical plating plants

Reported data and contextual information for Ag emissions to water in

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da

Y)

[BE_020] w {1}

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Sedimentation-Other

[SE_005] w {2}

Evaporation (e.g. vacuum evaporation)

[SE_005] w {1}

Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Adsorption techniques — activated carbon-
Filtration (e.g. gravel filter, sand filter)-lon exchange
liquid- liquid-Membrane micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation

0.10

[BE 018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration=Use
of buffer tanks to reduce waste water and emission load
peaks

0.01

[AT 011] w {1}

Chemical reduction-Coagulation and flocculation-
Precipitation-Sedimentation-lon exChange resins-
Filtration (e.g. gravel filter, sand filter)-Ion.exchange
resins

0.10

[BE_001] w {1}

Use of buffer tanks to reduce/waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.05

[BE 015] w {L}

Use of buffern tanks to reduce waste water and emission
load peaks-Chemical.reduction-Specific abatement of
PFOS, 6:2 ETS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents=Physical separation (e.g. screens, sieves,
grit.separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

0.10

[BE 0171w {1}

Coagulation and flocculation

[BE_040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

[FR_034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks-

0.10

[FR 017] w {1}

Chemical reduction-

0.01

0.50

[CZ 002] w {1}

Neutralisation-lon exchange resins-Filtration (e.g.
gravel filter, sand filter)-Adsorption techniques —
activated carbon-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)

0.01

0.01

0.01

0.20

[AT 003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

0.01

0.01

0.01
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resins-Filtration (e.g. gravel filter, sand filter)-
Biological treatment- Activated sludge process

[ES 031] w {1}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.01

0.01

0.01

[ES_031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.01

0.01

0.01

[ES 031] w {3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.01

0.01

0.01

[AT_012] w {2}

Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Precipitation-lon exchange resins-Coagulation and
flocculation-Sedimentation

0.02

0.10

[BE_003] w {1}

Evaporation (e.g. vacuum evaporation)-Filtration (e.g.
gravel filter, sand filter)-Ion exchange liquid- liquid-
Neutralisation-Reverse osmosis-Use of buffer tanks to
reduce waste water and emission load peaks

0.01

0.03

0.04

[AT 004] w {1}

Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Coagulation and flocculation-Chemical
reduction-Sedimentation-Neutralisation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation

0.02

0.10

0.10

[DE_018] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Sedimentation

0.05

0.10

[DE 045] w {1}

Other

0.10

[FR 015] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.03

0.20

0.50

[FR_018]_w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-Ton exchange resins-
Neutralisation-Precipitation

0.05

0.18

0.44

0.80

[FR_035]_w {1}

Chemical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-lon
exchange resins-Neutralisation-lon exchange resins

0.07

0.48

0.50

[FR 014] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction

0.32

0.49
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3.2.1.8.2 Al

The reported data for Al emissions to water are presented in the following figure. Emission data and contextual ihformation are also presented in Table 3-9.

Emissions to water
Aluminium {Al} and its compounds:

@ Min. Concentration Avg. Concentration @ Max, Concentration = ELV
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Figure 3-10: Al emissions to water in electrolytic or chemicalplating plants
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Table 3-9: Reported data and contextual information for Al emissions to water in
electrolytic or chemical plating plants

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da

Y)

[FR 012] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.01

[AT_015] w {1}

Coagulation and flocculation-Precipitation-
Neutralisation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-Physical separation (e.g. screens,
sieves, grit separators, grease separators, oil-water

separation)

0.01

[FR_011]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins

0.01

0.02

[AT_009] w {3}

Evaporation (e.g. vacuum evaporation)

0.03

[FR_009] w {1}

Coagulation and flocculation-Neutralisation

0.03

0.50

[FR_024] w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.01

0.03

0.08

2.90

[BE_020] w {1}

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Sedimentation-Other

0.10

[IT 002] w {1}

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

0.01

0.07

0.10

18

[FR 018] w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Precipitation

0.10

0.10

0.10

[BE 017] w {1}

Coagulation and flocculation

0.11

[FR_020]_w {1}

Other

0.11

0.18

0.30

[BE.018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks

0.08

0.21

0.42

[ES 031] w {1}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.50

0.50

0.50

[ES_031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.50

0.50

0.50

[ES 031]_w {3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.50

0.51

0.52

[FR_007] w {1}

Coagulation and flocculation-
Nitrification/denitrification

0.60

[BE_040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

0.20

0.46

1.20

[FR 014] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction

0.02

0.61

1.46

0.28
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[IT_020] w {1}

Coagulation and flocculation

0.02

0.68

1.90

2

19.92

[DE 024] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Precipitation-Use of buffer tanks
to reduce waste water and emission load peaks-
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Sedimentation

[AT 009] w {1}

Precipitation-Coagulation and flocculation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-Ion exchange resins

0.23

0.26

2.44

[FR_036] w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water and emission
load peaks-Precipitation-Physical searation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation-

2.56

[AT 003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation.and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)=
Biological treatment- Activated sludge"process

0.11

[DE_045] w {1}

Other

[FR 017] w {1}

Chemical reduction

0.20

0.88

3.10

[BE 001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and floeculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation=Physical separation
(e.g. screens, sieves; grit.separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.10

0.50

3.20

1.20

[SE_002] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)

0.17

1.21

7.40

[SE_003] w {1}

Neutralisation

0.17

1.21

7.40

[FR_015]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.15

0.83

7.94

[FR_034]. w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.10

0.92

49.41

(FRu035] Wil }

Chemical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-Ion
exchange resins-Neutralisation-Ion exchange resins

0.01

0.95

11.20

24.33
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3.2.1.8.3 As

The reported data for As emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-10.

Emissions to water
Arsenic (As) and its compounds:

@® Min. Concentration Avg. Concentration @ Max. Concentration = ELV
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Figure 3-11: As emissions to water in electrolytic or chemical plating plants
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Table 3-10: Reported data and contextual information for As emissions to water in electrolytic or
chemical plating plants

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da
Y)

[AT 021] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

[BE 003] w {1}

Evaporation (e.g. vacuum evaporation)-Filtration (e.g.
gravel filter, sand filter)-Ion exchange liquid- liquid-
Neutralisation-Reverse osmosis-Use of buffer tanks to
reduce waste water and emission load peaks

[FR_035] w {1}

Chemical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-ITon
exchange resins-Neutralisation-lon exchange resins

[BE_015] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

0.05

[NL 002] w {3}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration(e.g. gravel filter,
sand filter)

[BE_020] w {1}

Chemical reduction-Adsorption-techniques — activated
carbon-Coagulation and flo¢culation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Sedimentation-Other

[AT_005]_w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)

[BE_017] w {1}

Coagulation‘and flocculation

0.01

[FR_009] w {1}

Coagulation and flocculation-Neutralisation

0.01

[AT 005] w {2}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

[CZ 010] w {2}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation

0.12

[FR_006], wi{1}

Precipitation-Coagulation and flocculation

0.03

0.17

[BE_040Taw {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

0.01

0.01

0.01

0.03

[CZ 010]_w {1}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.01

0.18

[FR_006] w {2}

Precipitation-Coagulation and flocculation-Biological
treatment- Activated sludge process-

0.01

0.03

0.08

[FR_007] w {1}

Coagulation and flocculation-
Nitrification/denitrification

0.01

[FR 012] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.01

0.01

0.01

0.01

[FR_024] w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.01

0.01

0.01

[FR_034]_w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.01

0.05
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Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da
Y)

[NL_002] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Adsorption techniques — activated carbon

0.01

0.01

[FR_017]_w {1}

Chemical reduction

0.01

0.01

0.01

0.10

[FR_020] w {1}

Other

0.01

0.01

0.01

[FR_036] w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water and emission
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

0.01

[BE_018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Nitrification/denitrification-Reverse osmosis=
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks-

0.02

0.02

0.02

0.05

[AT_003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-

Biological treatment- Activated sludge process

0.02

0.02

0.02

[BE 001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.01

0.01

0.02

0.03

[FR_015] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.02

0.02

0.03

0.10

[ES 031] w{l}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.04

0.04

0.04

[ES 031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.04

0.04

0.04

[ES.031] w {3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.01

0.03

0.04

[ES 024] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Other

0.03

0.05

[FR_018]_w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Precipitation

0.05

0.05

0.05

[DE 024] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Precipitation-Use of buffer tanks
to reduce waste water and emission load peaks-
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Sedimentation

0.10

0.10

0.10
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3.2.1.8.4 B

The reported data for boron (B) emissions to water are presented in the following figure.
Emission data and contextual information are also presented in Table 3-11.

Emissions to water
dits compounds:

® Hfin. Concentration - av

Avg. Concentration @ Hax, Concentration

Source: [168, TWG 2023]

Figure 3-12: B emissions to water in electrolytic or chemical plating plants

Table 3-11: Reported data and contextual information for B emissionsito water in electrolytic or
chemical plating plants

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da
Y)

[CZ 010]_w {1}

Neutralisation-Coagulation and flocculation-Flotation=
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.11

0.17

0.21

17.21

[BE_017] w {1}

Coagulation and flocculation

0.27

[BE_018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce.waste water and emission load
peaks

0.13

0.16

0.29

12

[IT_013] w {1}

Chemical reduction

0.30

0.20

[IT 031] w {1}

Coagulation and flocculation

0.21

0.26

0.32

[BE 015} wigl}

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

0.40

0.40

0.40

[BE 040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

0.21

0.28

0.42

0.70

[ES_010] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Precipitation

0.01

0.29

0.56

[CZ 010] w {2}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation-

0.05

0.20

0.57

13.96

[AT 015] w {1}

Coagulation and flocculation-Precipitation-
Neutralisation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-Physical separation (e.g. screens,
sieves, grit separators, grease separators, oil-water

separation)

0.92

[IT 032] w {1}

Coagulation and flocculation-Ion exchange resins

0.30

0.67

1.20
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Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da
Y)

[ES 030] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Precipitation

0.07

0.54

1.25

[IT_029] w {1}

Absorption-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Precipitation-Sedimentation-Evaporation (e.g. vacuum
evaporation)

0.26

0.61

1.58

[IT_002] w {1}

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

1.20

1.47

1.60

[IT_008] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation

0.07

1.02

1.80

[ES 009] w {1}

Adsorption techniques — activated carbon-Coagulation
and flocculation-Evaporation (e.g. vacuum
evaporation)-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins

0.55

1.63

2.80

[AT 011] w {1}

Chemical reduction-Coagulation and flocculation-
Precipitation-Sedimentation-Ion exchange resins-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resing

3.50

3.50

4.60

[BE 001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.21

2.55

10

10

[AT_003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-

Biological treatment- Activated sludge process

27
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3.2.1.8.5 Cd

The reported data for Cd emissions to water are presented in the following figure. Emission data and contextualinformation are also presented in Table 3-12.

Emissions to water
Cadmium (Cd) and its com pounds:

@ Min. Concentration Avg. Concentration @ Max. Concentration = ELV

0.2 —

015

0.05 —

ains

e: [168, TWG 2023]
Figure 3-13: Cd emissions to water in electrolytic or chemical plating plants
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Table 3-12:

electrolytic or chemical plating plants

Reported data and contextual information for Cd emissions to water in

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load

(g/day
)

[CZ 007] w {1}

Absorption-Sedimentation-Coagulation and
flocculation-Electrodialysis-Evaporation (e.g. vacuum
evaporation)-Filtration (e.g. gravel filter, sand filter)-lon
exchange resins-Neutralisation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)

[BE_003] w {1}

Evaporation (e.g. vacuum evaporation)-Filtration (e.g.
gravel filter, sand filter)-lon exchange liquid- liquid-
Neutralisation-Reverse osmosis-Use of buffer tanks to
reduce waste water and emission load peaks

[AT 021] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

[SE_005] w {2}

Evaporation (e.g. vacuum evaporation)

[FI_005] w {1}

0.01

[FR_036]_w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-Filtration|
(e.g. gravel filter, sand filter)-Evaporation (e.g. vacuum
evaporation)-Neutralisation-Precipitation-Use of buffer
tanks to reduce waste water and emission load peaks-
Precipitation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-
Filtration (e.g. gravel filter, sand filter)-Neutralisation

0.05

[BE_017] w {1}

Coagulation and flocculation

0.20

[BE_015] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Physical separation (e.g. screens, sieves, grit
separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

[CZ 010] wil}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.10

[CZ 010].w 2}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation

0.01

0.01

[SE_005] w {1}

Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Adsorption techniques — activated carbon-
Filtration (e.g. gravel filter, sand filter)-lon exchange
liquid- liquid-Membrane micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation

0.01

[BE_018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Nitrification/ denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks

0.02

[BE_020] w {1}

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Sedimentation-Other

[BE_040] w {1}

Neutralisation-Coagulation and flocculation-Use of
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buffer tanks to reduce waste water and emission load

peaks-Use of buffer tanks to reduce waste water and

emission load peaks-Filtration (e.g. gravel filter, sand
filter)

[BE 001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-Neutralisation-
Sedimentation-Adsorption techniques — activated
carbon-Sedimentation-Physical separation (e.g. screens,
sieves, grit separators, grease separators, oil-water
separation)-Filtration (e.g. gravel filter, sand filter)

[AT 005] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)

[AT 005] w {2}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

[FR_006] w {1}

Precipitation-Coagulation and flocculation

0.03

0.16

[FR_006] w {2}

Precipitation-Coagulation and flocculation-Biological
treatment- Activated sludge process

0.03

0.06

[FR_007] w {1}

Coagulation and flocculation-
Nitrification/denitrification

[FR 012] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.01

[FR 017] w {1}

Chemical reduction

0.20

[FR 024] w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.20

[FR_034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)<Use of buffer tanks to
reduce waste water and/emission load p€aks

0.20

[CZ 006] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)

[ES 031] w {1}

Neutralisation-Physical,separation (e.g. screens, sieves,
grit separators, grease separators; oil-water separation)

0.01

0.01

0.01

[ES 031] w {3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.01

0.01

0.01

[BG 004] w {1}

Neutralisation

0.01

[AT 006] w {1}

Coagulation and flocculation-Precipitation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins

0.01

0.01

0.10

[AT 003] w1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-
Biological treatment- Activated sludge process

0.01

0.01

0.01

[AT 007w {1}

Adsorption techniques — activated carbon-lon exchange
resins-Chemical reduction-Coagulation and
flocculation-Precipitation-Sedimentation

0.01

0.01

0.01

0.10

[FR 018] w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Precipitation

0.01

0.01

0.01

[FR_020]_w {1}

Other

0.01

0.01

0.01

[ES 024] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Other

0.01

0.02

0.10

[FR_015]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.02

0.02

0.02

0.20

[CZ 011] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Neutralisation-
Sedimentation-Adsorption techniques — activated

0.02

0.04

0.05
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carbon-lon exchange liquid- liquid

[AT 004] w {1}

Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Coagulation and flocculation-Chemical
reduction-Sedimentation-Neutralisation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation

0.01

0.01

0.05

0.10

[ES 031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.01

0.02

0.05

[FR_035]_w {1}

Chemical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-lon
exchange resins-Neutralisation-lon exchange resins

0.01

0.09

0.05

0.06

[DE 024] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Precipitation-Use of buffer tanks
to reduce waste water and emission load peaks-
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Sedimentation

0.01

0.10

0.10

[DE 045] w {1}

Other

0.20

3.2.1.8.6

Co

The reported data for cobalt (Co) emissions to water are presented in the following figure.
Emission data and contextual information are also presented in Table 3-13.

Emissions to water
(co) e

@ Min. Concentration ® Max. Concentration = ELV

Avg. Concentration

Source: [168, TWG 2023]

Figure 3-14: Co emissions to water in electrolytic or chemical plating plants

Table 3-13:  Reported data and contextual information for Co emissions to water in
electrolytic or chemical plating plants

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load

(g/day
)

[BE 017]. w {1}

Coagulation and flocculation

0.00

[BE 001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-Neutralisation-
Sedimentation-Adsorption techniques — activated
carbon-Sedimentation-Physical separation (e.g. screens,
sieves, grit separators, grease separators, oil-water
separation)-Filtration (e.g. gravel filter, sand filter)

[BE_020] w {1}

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Sedimentation-Other

[SE_005] w {2}

Evaporation (e.g. vacuum evaporation)

[AT 009] w {2}

Ton exchange resins-Precipitation-Coagulation and
flocculation-Sedimentation-Neutralisation-Filtration
(e.g. gravel filter, sand filter)-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Evaporation (e.g. vacuum evaporation)
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[BE 018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks

0.01

[BE 015] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Physical separation (e.g. screens, sieves, grit
separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

0.01

[FR_034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.20

[SE_005] w {1}

Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Adsorption techniques — activated carbon-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
liquid- liquid-Membrane micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation

0.01

0.10

[AT 003] w {1}

Chemical reduction-Chemical oxidation (¢.g
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon.exchange

resins-Filtration (e.g. grayel filter, sand filter)-

Biological treatment- Activated‘sludge process

0.01

0.01

0.01

[AT 011] w {1}

Chemical reduction-Coagulation and flocculation-
Precipitation-Sedimentation-lon.exehange resins-
Filtration (e.g. gravel'filter,.sand filter)-lon exchange
resins

0.01

0.01

0.01

[AT_009]_w {3}

Evaporationi(e.g. vacuum evaporation)

0.02

0.02

0.02

[FR_020] w {1}

Other

0.01

0.01

0.02

[AT 012] w {1}

Filtration (e.gugravel filter, sand filter)-Neutralisation-
Precipitation-ITon exchange resins-Coagulation and
flocculation-Sedimentation

0.02

0.02

0.02

[BE_040} wi{1}

Neutralisation-Coagulation and flocculation-Use of

buffer tanks to reduce waste water and emission load

peaks-Use of buffer tanks to reduce waste water and

emission load peaks-Filtration (e.g. gravel filter, sand
filter)

0.03

0.03

(BS,031] Weil}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.04

0.04

0.04

[ES_031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.04

0.04

0.04

[ES_031] w {3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.04

0.04

0.04

[FR_018]_w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Precipitation

0.05

0.05

0.05

[DK_001] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins

0.01

0.06

0.02

0.79

[DE 024] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Precipitation-Use of buffer tanks
to reduce waste water and emission load peaks-

0.10

0.10

0.10
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Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Sedimentation

[DE 054] w {1} Coagulation and flocculation 0.02 [ 0.10 | 0.16 1

Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Coagulation and flocculation-Chemical
[AT 004] w {1} | reduction-Sedimentation-Neutralisation-Chemical 0 |0.11|0.50 | 0.50
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation
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3.2.1.8.7 Cu

The reported data for Cu emissions to water are presented in the following figure. Emission data and contextualinformation are also presented in Table 3-14.

Emissions to water
Copper (Cu) and its compounds:

@ Min. Concentration Avg. Concentration @ Max. Concentration = ELV

™
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ions to water dota per parameter based on 3 yeors of report

Source [168, TWG 2023]

Figure 3-15: Cu emissions to water in electrolytic or chemical plating plants
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Table 3-14:

electrolytic or chemical plating plants

Reported data and contextual information for Cu emissions to water in

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da

Y)

[BE_003] w {1}

Evaporation (e.g. vacuum evaporation)-Filtration (e.g.
gravel filter, sand filter)-Ion exchange liquid- liquid-
Neutralisation-Reverse osmosis-Use of buffer tanks to
reduce waste water and emission load peaks

0.50

[BE 020] w {1}

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Sedimentation-Other

[AT_015] w {1}

Coagulation and flocculation-Precipitation-
Neutralisation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-Physical separation (e.g. screens,
sieves, grit separators, grease separators, oil-water

separation)

0.50

[AT 020] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Filtration (e.g. gravel filter, sand filter)-Ion
exchange resins-Neutralisation-Precipitation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon-
Sedimentation

0.50

[SE_005] w {2}

Evaporation (e.g. vacuum evaporation)

[BE_015] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

0.50

[FR_007]_w {1}

Coagulation and flocculation-
Nitrification/denitrification

0.01

[AT 011] w {1}

Chemical reduction-Coagulation and flocculation-
Precipitation-Sedimentation-Ion exchange resins-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins

0.01

0.01

0.01

0.50

[BE 017) w {1}

Coagulation and flocculation

0.01

0.05

[FR_024]_w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.01

0.01

0.01

1.20

[NL_002].w {3}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.01

[NL 002] w {4}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.01

0.01

0.20

[DE 077] w {1}

0.01

[SE_005] w {1}

Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Adsorption techniques — activated carbon-
Filtration (e.g. gravel filter, sand filter)-lon exchange
liquid- liquid-Membrane micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation

0.01

0.01

0.10

[BE 040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

0.02

0.02

0.02

0.20
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filter)

[BE 001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.02

0.05

[AT 021] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

0.02

0.50

0.02

[NL_002] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Adsorption techniques — activated carbon

0.01

0.01

0.02

[ES 024] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Other

0.02

0.03

[BE 018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emissionJdoad
peaks

0.03

0.03

0.03

0.20

[FR_009] w {1}

Coagulation and flocculation-Neutralisation

0.03

[F1 002] w {1}

Precipitation-Flotation-Ion exchange resins-Filtration
(e.g. gravel filter, sand filter)

0.03

0.50

[CZ 002] w {1}

Neutralisation-lon exchange resins-Filtration (e.g.
gravel filter, sand filter)-Adsorption techniques —
activated carbon-Chemical oxidation (e’g.
Electrolytic/anodic, radiation assisted)

0.02

0.03

0.50

[AT 005] w {2}

Neutralisation-Precipitation-Filtration (e'g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

0.03

0.50

0.06

[ES_010] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravelfilter, sand filter)-Precipitation

0.01

0.01

0.03

[CZ 010]_w {2}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation

0.02

0.03

0.31

[DK_001]_w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins

0.01

0.04

0.10

1.39

[CZ 011w {L}

Chemical,oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Neutralisation-
Sedimentation-Adsorption techniques — activated
carbon-lon exchange liquid- liquid

0.01

0.01

0.04

0.50

(ESn002), w1}

Coagulation and flocculation-Filtration (e.g. gravel
filter, sand filter)

0.02

0.02

0.05

[FR 034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.01

0.01

0.05

0.50

[NL 002] w {2}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.01

0.01

0.05

0.10

[ES_031] w {3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.05

0.05

[ES_031] w {1}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.05

0.05

[CZ 006] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)

0.01

0.05

[AT 006] w {1}

Coagulation and flocculation-Precipitation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-Ion exchange resins

0.02

0.04

0.05

0.50

[ES_031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,

0.05

0.05

0.05
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grit separators, grease separators, oil-water separation)

[DE 045] w {1}

Other

0.08

[IT 002] w {1}

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

0.04

0.07

0.09

0.10

14

[BG_004] w {1}

Neutralisation

0.09

0.50

[IT_008] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation

0.01

0.03

0.09

0.10

5.30

[AT_005] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)

0.00

0.10

0.50

0.06

[AT_009] w {1}

Precipitation-Coagulation and flocculation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins

0.01

0.10

0:50

[DE_025] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Physical separation (e.g. screens, sieves, grit separators,

grease separators, oil-water separation)-Adsorption
techniques — activated carbon-Chemical oxidation (e.g.

Electrolytic/anodic, radiation assisted)-Precipitation

0.10

[DE 054] w {1}

Coagulation and flocculation

0.01

0.08

0.10

0.50

[IT 032] w {1}

Coagulation and flocculation-Ion exchange resins

0.02

0.07

0.10

0.40

[FR_006] w {1}

Precipitation-Coagulation and flocculation

0.01

0.01

0.11

0.15

7.64

[FR_006]_w {2}

Precipitation-Coagulation and flocculation-Biological
treatment- Activated sludge process

0.01

0.02

0.11

0.15

4.80

[BE 010] w {1}

Coagulation and flocculation

0.06

0.10

0.13

0.30

[DE_019] w {1}

Chemical reduction

0.13

[BG_006] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Adsorption techniques — activated
carbon-Physical separation (e.g. screens, sieves, grit
separators, grease separators, oil-water separation)-Use
of buffer tanks to reduce waste water and emission load
peaks

0.08

0.14

[CZ 007] w {1}

Absorption-Sedimentation-Coagulation and
flocculation-Electrodialysis-Evaporation (e.g. vacuum
evaporation)-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins-Neutralisation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,

oil-water separation)

0.02

0.03

0.14

[DE_024] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Precipitation-Use of buffer tanks
to reduce waste water and emission load peaks-
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Sedimentation

0.10

0.12

0.14

0.50

[ES 030] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Precipitation

0.01

0.05

0.14

[CZ 010] w {1}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.15

0.07

0.27

[DE 048] w {1}

0.05

0.09

0.15

[DE_060] w {1}

Adsorption techniques — activated carbon-Chemical
reduction-Chemical oxidation (e.g. Electrolytic/anodic,
radiation assisted)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation-Ion exchange liquid- liquid-
Membrane micro/ultra/nano filtration-Use of buffer

0.15

0.50
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tanks to reduce waste water and emission load peaks-
Sedimentation-Precipitation

[FR_017] w {1}

Chemical reduction

0.01

0.07

0.16

[FR_036] w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water and emission
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

0.19

[IT_031] w {1}

Coagulation and flocculation

0.03

0.10

019

0.40

[DE_037]_w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Specific abatement of PFOS, 6:2 FTS or
other PFAS by adsorption on activated carbon, ion
exchange resins or other adsorbents-Sedimentation-Use
of buffer tanks to reduce waste water and emissionrload
peaks

0.25

0.50

[IT_029] w {1}

Absorption-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Precipitation-Sedimentation-Evaperation (e.g. vacuum
evaporation)

0.01

0.07

0.28

0.40

14.20

[DE_036] w {1}

Chemical oxidation (e.g. Electrolytic/anedic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Electrolysis-Elimination and/or separation
of the individualpollutants at'the point of generation-
Filtration (e.g. gravel filter, sand filter)-lon exchange
resins-Neutralisation-Other-Sedimentation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon

0.32

0.50

[AT_009] w 427

lon exchange resins-Precipitation-Coagulation and
flocculation-Sedimentation-Neutralisation-Filtration
(e.gi gravelfilter, sand filter)-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Evaporation (e.g. vacuum evaporation)

0.04

0.39

0.50

[AT_010}\w {1}

Precipitation-Coagulation and flocculation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Evaporation (e.g. vacuum evaporation)-Electrolysis-
Evaporation (e.g. vacuum evaporation)-Sedimentation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Ton exchange resins

0.03

0.42

[AT 004] w {1}

Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Coagulation and flocculation-Chemical
reduction-Sedimentation-Neutralisation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation

0.09

0.46

0.50

[AT_003]_w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-

Biological treatment- Activated sludge process

0.32

0.50

0.50

[AT_007]_w {1}

Adsorption techniques — activated carbon-lon exchange
resins-Chemical reduction-Coagulation and
flocculation-Precipitation-Sedimentation-

0.06

0.50

0.50
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[DE_018] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Sedimentation

0.10

0.50

[FI 005] w {1}

0.03

0.22

0.80

0.50

[FR 018] w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Precipitation

0.20

0.67

1.20

1.50

[FR_012]_w {1}

Chemical reduction-Chemical reduction-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.10

0.70

1.50

1.50

[FR 014] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction

0.14

0.62

1.52

[BG_013] w {1}

Coagulation and flocculation-Filtration (e.g. gravel
filter, sand filter)-Neutralisation-Sedimentation-
Physical separation (e.g. screens, sieves, grit separators,
grease separators, oil-water separation)

0.02

044

1.84

[FR_015] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.10

0.14

1.93

[FR_035] w {1}

Chemical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-Ion
exchange resins-Neutralisation-lon exchange resins

0.12

2.76

0.65

0.99

[FI 003] w {1}

0.01

0.22

3.29

0.50
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3.2.1.8.8 Cr

The reported data for Cr emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-15.

Emissions to water
Chromium (total) (Cr), Cr llI:

@ Min. Concentration Avg. Concentration @ Max. Concentration = ELV

2 - - - -

4 o d
S s

emissions fo water dota per porameter based on 3 years of report:

Source: [168, TWG 2023]

Figure 3-16: Cr emissions to water in electrolytic or chemical plating plants
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Table 3-15:

electrolytic or chemical plating plants

Reported data and contextual information for Cr emissions to water in

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da

Y)

[BE_003] w {1}

Evaporation (e.g. vacuum evaporation)-Filtration (e.g.
gravel filter, sand filter)-Ion exchange liquid- liquid-
Neutralisation-Reverse osmosis-Use of buffer tanks to
reduce waste water and emission load peaks

0.50

[DE_023] w {1}

Evaporation (e.g. vacuum evaporation)-Evaporation
(e.g. vacuum evaporation)-Chemical reduction-
Neutralisation

[BE 001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.05

[AT_009] w {3}

Evaporation (e.g. vacuum evaporation)

0.50

[BE 017] w {1}

Coagulation and flocculation

0.01

0.05

[FR_007] w {1}

Coagulation and flocculation-
Nitrification/denitrification

0.01

[SE_005] w {1}

Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Adsorption techniques — activated carbon-
Filtration (e.g. gravel filter, sand filter)-lon exchange
liquid- liquid-Membrane micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation

0.01

0.20

[AT 020] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Filtration (e.g. gravel filter, sand filter)-lon
exchange resins-Neutralisation-Precipitation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon-
Sedimentation

0.01

0.01

0.50

[NL 002] w {2}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.01

0.01

0.01

0.10

[BE_018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks

0.01

0.01

0.01

0.50

[FR 015] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.01

[FR_020]_w {1}

Other

0.01

0.01

0.01

[IT 029] w {1}

Absorption-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Precipitation-Sedimentation-Evaporation (e.g. vacuum
evaporation)

0.01

0.01

0.01

4.64

[AT 010] w {1}

Precipitation-Coagulation and flocculation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Evaporation (e.g. vacuum evaporation)-Electrolysis-
Evaporation (e.g. vacuum evaporation)-Sedimentation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Ion exchange resins

0.01

0.01

0.01

0.50
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[IT 012] w {1}

No technique applied

0.01

4

0.15

[BE_040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

0.02

0.02

0.02

0.05

[CZ 002] w {1}

Neutralisation-lon exchange resins-Filtration (e.g.
gravel filter, sand filter)-Adsorption techniques —
activated carbon-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)

0.02

0.20

[DE 077] w {1}

0.02

[CZ 003] w {1}

Neutralisation

0.01

0.02

[ES_009] w {1}

Adsorption techniques — activated carbon-Coagulation
and flocculation-Evaporation (e.g. vacuum
evaporation)-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins

0.02

0.02

0.02

[ES_024] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Other-

0.01

0.01

0.02

[NL 002] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Adsorption techniques — activated carbon

0.01

0.01

0.02

[AT 009] w {2}

Ion exchange resins-Precipitation-Coagulation’and
flocculation-Sedimentation-Neutralisation-Filtration
(e.g. gravel filter, sand filter)-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Evaporation (e.g. vacuum evaporation)

0.01

0.02

0.02

0.50

[FR 017] w {1}

Chemical reduction

0.01

0.03

0.50

[FR 034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand“filter)-Use of buffer tanks to
reduce waste water andiemissionload peaks

0.01

0.01

0.03

0.50

0.27

[SE_006] w {1}

Chemical reduction-Neutralisation-Precipitation-
Coagulation and flocculation-Sedimentation-Filtration
(e.g. gravel filter, sand filter)

0.02

0.03

0.30

0.20

[FR_006] w {2}

Precipitation-Coagulation-and flocculation-Biological
treatment- Activated sludge process

0.01

0.01

0.04

0.10

0.99

[AT_007]_w {1}

Adserption techniques — activated carbon-Ion exchange
resins-Chemical reduction-Coagulation and
floceulation-Precipitation-Sedimentation

0.04

0.04

0.04

0.50

[CZ 010]_wi{2}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation

0.04

1.83

[BE“020] w, {1}

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Sedimentation-Other-

0.04

0.50

[F1 002] w {1}

Precipitation-Flotation-lon exchange resins-Filtration
(e.g. gravel filter, sand filter)-

0.04

0.50

[ES 031] w {3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.05

0.05

[ES 031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.05

0.05

[ES 031] w {1}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.05

0.05

[NL_002] w {4}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.02

0.05

0.20

[DK_001]_w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins

0.01

0.06

0.30

1.50

[FR_036] w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the

0.06
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individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water and emission
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

[BG 004] w {1}

Neutralisation

0.07

0.50

[CZ 010] w {1}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.08

1.83

[FR_006] w {1}

Precipitation-Coagulation and flocculation

0.01

0.01

0.08

0.10

0.95

[BE 015] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

0.02

0.05

0.10

0.50

[DE 054] w {1}

Coagulation and flocculation

0.01

0.08

0.10

0.50

[IT 020] w {1}

Coagulation and flocculation

0.02

0.04

0.10

1.68

[IT 032] w {1}

Coagulation and flocculation-lon exchange resins

0.05

0.08

0.10

[DE 024] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Precipitation-Use of buffer tanks
to reduce waste water and emission load peaks-
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Sedimentation

0.10

0.10

0.10

0.50

[ES 013] w {1}

Adsorption techniques — activated carbon-
Neutralisation-Coagulation and flocculation-
Crystalisation-Flotation-Ion exchange resins

0.10

0.10

0.10

[AT_008] w {1}

Precipitation-Coagulation and flocculation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-Ion exchange resins

0.01

0.03

0.11

0.50

[BG_006] w1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Adsorption techniques — activated
carbon-Physical separation (e.g. screens, sieves, grit
separators, grease separators, oil-water separation)-Use
of buffer tanks to reduce waste water and emission load
peaks

0.01

2.50

[ES_010] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Precipitation

0.03

0.12

[DE_048] w {1}

0.04

0.10

0.13

[BE_010] w {1}

Coagulation and flocculation

0.03

0.07

0.14

0.50

[DE_060] w {1}

Adsorption techniques — activated carbon-Chemical
reduction-Chemical oxidation (e.g. Electrolytic/anodic,
radiation assisted)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation-Ion exchange liquid- liquid-
Membrane micro/ultra/nano filtration-Use of buffer
tanks to reduce waste water and emission load peaks-
Sedimentation-Precipitation

0.14

0.50

[CZ 007]_w {1}

Absorption-Sedimentation-Coagulation and
flocculation-Electrodialysis-Evaporation (e.g. vacuum
evaporation)-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins-Neutralisation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,

oil-water separation)

0.01

0.05

0.16
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[FR_009] w {1}

Coagulation and flocculation-Neutralisation

0.17

[IT_025] w {1}

0.01

0.07

0.18

0.05

[DE_079]_w {1}

Neutralisation-Precipitation-Flotation-Filtration (e.g.
gravel filter, sand filter)-Evaporation (e.g. vacuum
evaporation)-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-

0.19

[AT 005] w {2}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

0.02

0.07

0.19

0.50

4.41

[DE 037]_ w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Specific abatement of PFOS, 6:2 FTS or
other PFAS by adsorption on activated carbon, ion
exchange resins or other adsorbents-Sedimentation-Use
of buffer tanks to reduce waste water and emission load
peaks

0419

0.50

[IT 031] w {1}

Coagulation and flocculation

0.05

0.09

0.20

[IT_008] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation

0.01

0.05

0.21

12.32

[DE 019] w {1}

Chemical reduction

0.22

[CZ 011]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, tadiation
assisted)-Coagulation and flocculationsNeutralisation-
Sedimentation-Adsorption techniques —activated
carbon-lon exchange liquid- liquid=

0.01

0.04

0.22

0.50

[NL 002] w {3}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.16

0.22

0.21

[FR 012] w {1}

Chemical reduction-Chemical reduetion-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-

0.06

0.11

0.24

[AT 021] w {1}

Neutralisation-Precipitation=Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

0.03

0.08

0.25

0.50

2.08

[DE_036] w/{1}

Chemical oxidation/(e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
floceulation-Electrolysis-Elimination and/or separation
of the individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-lon exchange
resins-Neutralisation-Other-Sedimentation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon

0.27

0.50

[IT_002] w {1}

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

0.09

0.16

0.30

44

[AT 005] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.08

0.31

0.50

2.41

[ES_023] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.06

0.15

0.34

0.50

[CZ 006] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)

0.46

[AT 011] w {1}

Chemical reduction-Coagulation and flocculation-
Precipitation-Sedimentation-lon exchange resins-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins

0.02

0.21

0.46

0.50
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[AT_006] w {1}

Coagulation and flocculation-Precipitation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins

0.03

0.08

0.47

0.50

[AT 004] w {1}

Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Coagulation and flocculation-Chemical
reduction-Sedimentation-Neutralisation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation

0.20

0.48

0.50

[AT 012] w {2}

Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Precipitation-Ion exchange resins-Coagulation and
flocculation-Sedimentation

0.28

0.49

0.50

[AT_003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-

Biological treatment- Activated sludge process

0.22

0.50

0.50

[DE_018] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Sedimentation

0.10

0.50

[DE_025] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Physical separation (e.g. screens, sieves, grit separators,

grease separators, oil-water separation)-Adsorption
techniques — activated carbon-Chemical oxidation (e.g.

Electrolytic/anodic, radiation assisted)-Precipitation

0.50

[DE 045] w {1}

Other

0.50

[IT_013] w {1}

Chemical reduction

0.13

0.60

[FR _024] w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.04

0.11

0.83

1.20

[ES 002] w {1}

Coagulation and flocculation-Filtration (e.g. gravel
filter, sand filter)

0.05

0.28

0.88

2.50

[ES 030] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Precipitation

0.02

0.25

0.90

[IT_006] w {1}

Coagulation and flocculation-Chemical reduction-
Precipitation

0.70

0.81

0.96

13.09

[FR_011]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins

0.13

0.23

[FI_003]_w {1}

0.01

0.07

1.75

0.50

[FR_035] w {1}

Chemical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-Ion
exchange resins-Neutralisation-lon exchange resins

0.23

2.42

7.28

[FR_018].w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Precipitation

0.32

0.83

1.50

[FR_014]_w {1}

Chemical reduction-Chemical reduction-Chemical
reduction

0.02

1.12

4.25
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3.2.1.8.9 Cr(VI)

The reported data for Cr(VI) emissions to water are presented in the following figure. Emission data and contéxtuallinformation are also presented in Table 3-16.

Emissions to water
Chromium (V1) (Cr(v1)) and its compounds:

@ Min, Concentration Avg. Concentration @ Max, Concentration = ELV
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Source: [168, TWG 2023]
Figure 3-17: Cr(VI) emissions to water in electrolytic or chemical plating plants
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Table 3-16:  Reported data and contextual information for Cr(VI) emissions to water in
electrolytic or chemical plating plants

ELV Load
Emission Point Abatement technique(s) Min | Avg | Max conc (g/da
Y)
[IT 0201 w {1} Coagulation and flocculation 0 0 0 [020] O
Evaporation (e.g. vacuum evaporation)-Evaporation
[DE 023] w {1} (e.g. vacuum evaporation)-Chemical reduction- 0 0 0 - -
Neutralisation

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
[BE 001] w {1} | activated carbon-Sedimentation-Physical separation 0 0 0 - -
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
[BE_020]_w {1} gravel filter, sand filter)-lon exchange resins- ) ) 01005 i

Neutralisation-Sedimentation-Other

[SE_005] w {2} Evaporation (e.g. vacuum evaporation) - 0 - - -

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
[BE 015] w {1} | adsorbents-Physical separation (e.g. screens, sieves, 0 0 0 |0.05 -
grit separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

[IT 012] w {1} No technique applied - 0 - 0.20 -

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
[BE 040] w {1} | peaks-Use of buffer tanks to reduce waste water and | 0.01 | 0.01 | 0.01 - -
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

Neutralisation-Coagulation and flocculation-

[ES_024] w {1} Sedimentation-Other

0.01 { 0.01 | 0.01 | 0.50 -

[BE 017] w {1} Coagulation and flocculation - 0.01 - 0.05 -

[DE_077]_w {1} - - ool ] - - -

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
[BE 018] w {1} Nitrification/denitrification-Reverse osmosis- 0.01 | 0.01 | 0.01 | 0.10 -
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Neutralisation-
Sedimentation-Adsorption techniques — activated
carbon-lon exchange liquid- liquid

[CZ 011] w {1} 0.01 { 0.01 | 0.01 | 0.05 -

Chemical oxidation (e.g. Electrolytic/anodic, radiation

[FR 015] w {1} assisted)-Coagulation and flocculation-Other- 0.01 { 0.01 [ 0.01 | 0.10 -
Precipitation-Filtration (e.g. gravel filter, sand filter)

[FR 020] w {1} Other 0.01 ] 0.01 | 0.01 - -
Neutralisation-Coagulation and flocculation-Filtration

[FR _034] w {1} | (e.g.gravel filter, sand filter)-Use of buffer tanks to - 0.01 - 0.10 -

reduce waste water and emission load peaks

Absorption-Chemical oxidation (e.g.

[IT_029]_w {1} Electrolytic/anodic, radiation assisted)-Chemical

0.01 { 0.01 [ 0.01 | 0.20 | 5.17
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reduction-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Precipitation-Sedimentation-Evaporation (e.g. vacuum
evaporation)

[NL_002] w {3}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.01

0.01

0.05

[NL_002] w {4}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.01

0.01

0.05

[FR_036] w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water and emission
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

0.01

0.10

[AT 020] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Filtration (e.g. gravel filter, sand filter)-lon
exchange resins-Neutralisation-Precipitation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon-
Sedimentation

0.01

0.01

0.02

0.10

[AT 009] w {3}

Evaporation (e.g. vacuum,evaporation)-

0.02

0.02

0.02

0.10

[ES_009] w {1}

Adsorption techniques — actiyated carbon-Coagulation
and flocculation-Evaporation’(e.g. vacuum
evaporation)-Filtration(e.g. gravel filter, sand filter)-
Ton exchange resins

0.02

0.02

0.02

0.50

[FR 017] w {1}

Chemical reduction

0.02

0.02

0.02

0.10

[IT 013] w {1}

Chemical reduction

0.02

0.20

[SE_005] w {1}

Coagulationand flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Adsorption techniques — activated carbon-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
liquid-liquid-Membrane micro/ultra/nano filtration-
Reyerse osmosis-Sedimentation-Neutralisation-

0.02

0.02

0.02

0.10

[BG 004] w {1}

Neutralisation-

0.02

0.10

[FRAOLL] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-Ion exchange resins-

0.02

0.02

0.10

[FR_009) w {1}

Coagulation and flocculation-Neutralisation

0.03

0.10

[DE_005] w {1}

Physical separation (e.g. screens, sieves, grit separators,
grease separators, oil-water separation)-Precipitation-
Membrane micro/ultra/nano filtration-Filtration (e.g.

gravel filter, sand filter)-Other

0.03

0.03

0.03

0.10

[DE_036] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Electrolysis-Elimination and/or separation
of the individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-lon exchange
resins-Neutralisation-Other-Sedimentation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon

0.03

0.10

[DE_037] w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.

0.03

0.10
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gravel filter, sand filter)-lon exchange resins-
Neutralisation-Specific abatement of PFOS, 6:2 FTS or
other PFAS by adsorption on activated carbon, ion
exchange resins or other adsorbents-Sedimentation-Use
of buffer tanks to reduce waste water and emission load
peaks

[CZ 006] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)

0.01

0.04

[BG_006] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Adsorption techniques — activated
carbon-Physical separation (e.g. screens, sieves, grit
separators, grease separators, oil-water separation)-Use
of buffer tanks to reduce waste water and emission load
peaks

0.05

0.50

[DE 019] w {1}

Chemical reduction

0.05

[DE_025] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Physical separation (e.g. screens, sieves, grit separators,

grease separators, oil-water separation)-Adsorption
techniques — activated carbon-Chemical oxidation (e.g.

Electrolytic/anodic, radiation assisted)-Precipitation

0.05

[FI_002]_w {1}

Precipitation-Flotation-lon exchange resins-Filtration
(e.g. gravel filter, sand filter)

0.05

0.10

[SE_006] w {1}

Chemical reduction-Neutralisation-Precipitation-
Coagulation and flocculation-Sedimentation-Filtration
(e.g. gravel filter, sand filter)

0.03

0.03

0.05

0.10

0.32

[AT_006] w {1}

Coagulation and flocculation-Precipitation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins

0.05

0.05

0.05

0.10

[ES 002] w {1}

Coagulation and flocculation-Filtration (e.g. gravel
filter, sand filter)

0.05

0.05

0.05

0.50

[IT_031] w {1}

Coagulation and flocculation

0.05

0.05

0.05

0.20

[FR_024]_w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.01

0.03

0.07

0.10

[ES 030] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Precipitation

0.07

0.07

0.07

0.50

[ES 023] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.01

0.03

0.08

0.10

[ES 010] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Precipitation

0.07

0.07

0.08

0.50

[IT_025] w {1}

0.03

0.05

0.08

0.20

0.05

[IT_008].w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-

0.01

0.08

0.20

2.49

[AT 007] w {1}

Adsorption techniques — activated carbon-lon exchange
resins-Chemical reduction-Coagulation and
flocculation-Precipitation-Sedimentation-

0.02

0.09

0.10

[AT_011] w {1}

Chemical reduction-Coagulation and flocculation-
Precipitation-Sedimentation-lon exchange resins-
Filtration (e.g. gravel filter, sand filter)-lon exchange
resins

0.01

0.06

0.10

0.10

[AT_003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-

Biological treatment- Activated sludge process

0.03

0.10

0.10

[AT 004] w {1}

Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Coagulation and flocculation-Chemical
reduction-Sedimentation-Neutralisation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-

0.08

0.10

0.10
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Precipitation

[AT 012] w {2}

Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Precipitation-Ton exchange resins-Coagulation and
flocculation-Sedimentation

0.09

0.10

0.10

[DE 018] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Sedimentation

0.05

0.10

[DE_045] w {1}

Other

0.10

[DE_079]_w {1}

Neutralisation-Precipitation-Flotation-Filtration (e.g.
gravel filter, sand filter)-Evaporation (e.g. vacuum
evaporation)-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.10

[ES 013] w {1}

Adsorption techniques — activated carbon-
Neutralisation-Coagulation and flocculation-
Crystalisation-Flotation-lon exchange resins

0.10

0.10

0710

0.50

[IT_002] w {1}

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

0.10

0:10

0.10

32

[FR 014] w {1}

Chemical reduction-Chemical reduction-Chémical
reduction

0.02

0.09

0.17

0.10

0.01

[FR_035] w {1}

Chemical reduction-Evaporation (e«€. vacuum
evaporation)-Coagulation and flocculation-lon
exchange resins-Neutralisation-lon exchange resins

0.01

0.03

0.18

0.07

0.83

[FR 012] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.01

0.01

0.20

0.10

[FI_003] w {1}

0.01

0.05

0.49

0.10

[FR 018] w {1}

Chemical reduction-Coagulation and flocculation-
Elimination<and/or separation of the individual
pollutants at the point of\generation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Precipitation

0.03

0.08

0.70

0.10

[FI_005]_w {1}

0.01

0.12

1.20

0.10
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3.2.1.8.10 Fe

The reported data for Fe emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-17.

Emissions to water
ron (Fe} and its compounds:

@ Min. Concentration Avg. Concentration @ Max. Concentration = ELV

contains emissions to woter dota per parameter based on 3 yeors of reported data

Source: [168, TWG 2023]

Figure 3-18: Fe emissions to water in electrolytic or chemical plating plants
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Table 3-17:

electrolytic or chemical plating plants

Reported data and contextual information for Fe emissions to water in

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da

Y)

[FR_007] w {1}

Coagulation and flocculation-
Nitrification/denitrification

0.02

[FR 012] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.01

0.01

0.03

[FR 034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.01

0.02

0.04

0.84

[FR_036] w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water and emission
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

0.05

[FR_018]_w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Precipitation

0.02

0.05

0.05

[AT 009] w {3}

Evaporation (e.g. vactium evaporation)

0.07

0.07

0.07

[SE_006] w {1}

Chemical reduction-Neutralisation-Precipitation-
Coagulation and flocculation-Sedimentation-Filtration
(e.g. gravel filter, sand filter)

0.05

0.05

0.08

0.55

[FR_009] w {1}

Coagulation and flocculation-Neutralisation

0.10

0.50

[BE_017]_w {1}

Coagulation and, flocculation

0.11

20

[AT 004] w {1}

Filtration (e.g. gravel filter, sand filter)-lon exchange
resins-Coagulation-and flocculation-Chemical
reduction-Sedimentation-Neutralisation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation

0.06

0.12

[AT _020] 'w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Filtration (e.g. gravel filter, sand filter)-lon
exchange resins-Neutralisation-Precipitation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon-
Sedimentation

0.01

0.10

0.12

[ES 024] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Other

0.03

0.07

0.19

[FR_020] w {1}

Other

0.11

0.18

0.30

[NL 002] w {3}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.02

0.15

0.32

[FR_017]_w {1}

Chemical reduction

0.02

0.06

0.33

[FR_024] w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.02

0.09

0.35

2.90

[BE 040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

0.10

0.12

0.35
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[SE_005] w {1}

Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Adsorption techniques — activated carbon-
Filtration (e.g. gravel filter, sand filter)-lon exchange
liquid- liquid-Membrane micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation

0.08

0.21

0.42

[FR_006]_w {2}

Precipitation-Coagulation and flocculation-Biological
treatment- Activated sludge process

0.07

0.18

0.43

23.41

[BE_018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks

0.03

0.13

0.46

[AT_015] w {1}

Coagulation and flocculation-Precipitation-
Neutralisation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-Physical separation (e.g. screens,
sieves, grit separators, grease separators, oil-water

separation)

0.47

[AT_003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-

Biological treatment- Activated sludge process

0.06

0.47

[ES 031] w {1}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.20

0.50

[ES 031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.50

0.50

0.50

[ES 031]_w {3}

Neutralisation-Physical separation (€.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.50

0.50

0.50

[FR_006] w {1}

Precipitation-Coagulation and flocculation

0.04

0.12

0.60

35.13

[IT 029] w {1}

Absorption-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Precipitation-Sedimentation-Evaporation (e.g. vacuum
evaporation)

0.05

0.26

0.61

65.94

[IT_002]_w {1}

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

0.12

0.29

0.66

87

[ES_004] w {1}

Neutralisation-Other-Coagulation and flocculation-
Sedimentation

0.20

0.24

0.67

(=

[IT_013] w {1}

Chemical reduction

0.35

0.80

0.08

[IT_031] w {1}

Coagulation and flocculation

0.21

0.50

0.86

[IT_006] w {1}

Coagulation and flocculation-Chemical reduction-
Precipitation

0.09

0.36

0.95

10.12

[CZ 001] w {1}

Neutralisation-Sedimentation

0.05

0.55

0.96

[ S N I I

[NL_002] w {4}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.30

0.57

0.99

[FR_035]_w {1}

Chemical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-lon
exchange resins-Neutralisation-lon exchange resins

0.01

0.06

1.10

0.30

1.15

[FR 011] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel

0.98

1.13
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filter, sand filter)-Ion exchange resins

[AT 011] w {1}

Chemical reduction-Coagulation and flocculation-
Precipitation-Sedimentation-Ion exchange resins-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins

0.10

0.41

1.30

[ES_009] w {1}

Adsorption techniques — activated carbon-Coagulation
and flocculation-Evaporation (e.g. vacuum
evaporation)-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins

0.01

0.50

1.58

[NL_002] w {2}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.21

0.62

1.75

[IT_008] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation

0.07

0.51

1.80

2 192.90

[AT_012]_w {1}

Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Precipitation-lon exchange resins-Coagulation and
flocculation-Sedimentation

0.02

0.32

1.81

[AT 012] w {2}

Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Precipitation-Ton exchange resins-Coagulation and
flocculation-Sedimentation

0.02

0:25

1.93

[AT 008] w {1}

Precipitation-Coagulation and flocculation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-Ion exchange resins

0.02

0.10

[DE 024] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Precipitation-Use of buffer tanks
to reduce waste water and emission load peaks-
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Sedimentation

10 -

[IT_020] w {1}

Coagulation and flocculation

0.02

0.47

4 |25.68

[NL 002] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration.(e.g.'gravel filter, sand filter)-
Adsorption techniques —activated carbon

0.30

0.75

2.90

[FR_015]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.10

0.10

2.98

[DE_045] w {1}

Other

[FR 014] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction

0.17

1.36

4.25

[BE_001] ‘w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.13

2.01

6.90

3.50 -

[ES_014] w {1}

Coagulation and flocculation-Membrane
micro/ultra/nano filtration-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Other

0.09

1.16

25 62.56

3.2.1.8.11

Hg

The reported data for Hg emissions to water are presented in the following figure. Emission data
and contextual information are also presented in Table 3-18.

DDG/GCH/ES/EU-BRITE/STM_Draft 1

Februar 2025

221




Chapter 3

Emissions to water
Mercury:

Avg. Concentration

@ Hin. Concentration
0

® Max Concentration = ELV

Source: [168, TWG 2023]

Figure 3-19: Hg emissions to water in electrolytic or chemical plating plants

Table 3-18:

electrolytic or chemical plating plants

Reported data and contextual information for Hg emissions to water in

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da
Y)

[BE_018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks

[BE_003]_w {1}

Evaporation (e.g. vacuum evaporation)-Filtration (e.g.
gravel filter, sand filter)-Ion exchange liquid- liquid-
Neutralisation-Reverse osmosis-Use of buffer tanks to
reduce waste water and emission load peaks

[FR_035]_w {1}

Chemical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-Ion
exchange resins-Neutralisation-lon exchange resins

0.03

[FR_015]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.05

[FR 034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.05

[BE_015] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

[BE 017] w {1}

Coagulation and flocculation

0.05

[BE 001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

[BE 040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

[CZ 010] w {1}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.02
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Neutralisation-Coagulation and flocculation-Flotation-

S
[CZ_010]_w {2} Sedimentation

0 0 0 ]0.01]0.01

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
[FR_036)_w i1} Use of buffer tanks to reduce waste water and emission | 0 i 0.03 i
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

Neutralisation-Coagulation and flocculation-

Sedimentation-Other 0 0 0 jool )

[ES 024] w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
[FR 018] w {1} | pollutants at the point of generation-Filtration (e.g. 0 0 0 - -
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Precipitation

[FR 017] w {1} Chemical reduction 0 0 0 ]0.05 -

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation-and
[AT _003] w {1} | flocculation-Precipitation-Sedimentation-Ion exchange | 0.01, |, 0.01 | 0.01 - -
resins-Filtration (e.g. gravel filter, sand filter)=
Biological treatment- Activated sludge process

Chemical reduction-Adsorption techniques — activated
p q

s carbon-Coagulation and flocculation-Filtration (e.g. ) i i i

[BE_020]_w {1} gravel filter, sand filter)-lon’exchange resins- 0-01

Neutralisation-Sedimentation-Other

Chemical reduction-Chemieal reduction-Chemical
[FR 012] w {1} | reduction-Neutralisation-Coagulation and flocculation- | 0 - 0.01 | 0.05 -
Filtration (e.g. gravelfilter,'sand filter)
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3.2.1.8.12 Pb

Emissions to water
Lead (Pb) and its compounds:

The reported data for Pb emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-19.

@ Min. Concentration Avg. Concentration @ Max. Concentration = ELV
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Figure 3-20: Pb emissions to water in electrolytic or chemical plating plants
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Table 3-19:

electrolytic or chemical plating plants

Reported data and contextual information for Pb emissions to water in

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da

Y)

[BG_006] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Adsorption techniques — activated
carbon-Physical separation (e.g. screens, sieves, grit
separators, grease separators, oil-water separation)-Use
of buffer tanks to reduce waste water and emission load
peaks

[BE_003] w {1}

Evaporation (e.g. vacuum evaporation)-Filtration (e.g.
gravel filter, sand filter)-lon exchange liquid- liquid-
Neutralisation-Reverse osmosis-Use of buffer tanks to
reduce waste water and emission load peaks

0.00

000

0.50

[AT 020] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Filtration (e.g. gravel filter, sand filter)-lon
exchange resins-Neutralisation-Precipitation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon-
Sedimentation

0.00

0.00

0.00

0.50

[FR_009] w {1}

Coagulation and flocculation-Neutralisation

0.00

0.01

[FI_005]_w {1}

0.00

0.00

0.00

0.50

[AT 004] w {1}

Filtration (e.g. gravel filter, sand filter)-lon exchange
resins-Coagulation and flocculation-Chemical
reduction-Sedimentation-Neutralisation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation

0.00

0.00

0.00

0.50

[FR_007] w {1}

Coagulation and flocculation-
Nitrification/denitrification

0.00

0.50

[FR_036] w {1}

Coagulation and‘flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum, evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water and emission
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

0.00

0.40

[BE 015] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

0.00

0.00

0.00

0.50

[FR 012] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.00

0.00

0.00

0.40

[CZ 010]_w {2}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation

0.00

0.00

0.00

0.06

[DE_060] w {1}

Adsorption techniques — activated carbon-Chemical
reduction-Chemical oxidation (e.g. Electrolytic/anodic,
radiation assisted)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation-Ton exchange liquid- liquid-
Membrane micro/ultra/nano filtration-Use of buffer
tanks to reduce waste water and emission load peaks-

0.00

0.50
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Sedimentation-Precipitation

[BE 017] w {1}

Coagulation and flocculation

0.01

0.05

[BE_020] w {1}

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Sedimentation-Other

0.01

[BG 013] w {1}

Coagulation and flocculation-Filtration (e.g. gravel
filter, sand filter)-Neutralisation-Sedimentation-
Physical separation (e.g. screens, sieves, grit separators,
grease separators, oil-water separation)

0.01

0.01

0.01

[FR_017]_w {1}

Chemical reduction

0.01

0.01

0.01

0.50

[CZ 010] w {1}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.00

0.00

0.01

0.09

[IT_008] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation

0.00

0.00

0.01

0.20

0.17

[AT_003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-
Biological treatment- Activated sludge process

0.01

0.01

0.01

[FR_020]_w {1}

Other

0.01

0.01

0.01

[FR_006] w {1}

Precipitation-Coagulation and flocculation

0.00

0.00

0.01

0.10

0.47

[FR_034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.00

0.00

0.01

0.05

[FR_006] w {2}

Precipitation-Coagulation and flocculation-Biological
treatment- Activated sludge process

0.00

0.00

0.01

0.10

0.42

[BE 001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.02

0.02

0.02

0.05

[BE 040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

0.01

0.01

0.02

0.05

[ES_024] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Other

0.00

0.01

0.02

0.50

[NL 002] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Adsorption techniques — activated carbon

0.01

0.01

0.02

0.20

[NL_002] w {2}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.01

0.02

0.02

0.10

[NL_002] w {3}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.02

0.02

1.00

[NL 002] w {4}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.02

0.02

0.20

[FR_035] w {1}

Chemical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-Ion
exchange resins-Neutralisation-lon exchange resins

0.00

0.01

0.02

0.20

0.07

[BE_018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use

0.03

0.03

0.03

0.50

226

February 2025

DDG/GCH/ES/EU-BRITE/STM_Draft 1




Chapter 3

of buffer tanks to reduce waste water and emission load
peaks

[FR 024] w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.00

0.01

0.03

0.50

[FR_015]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.05

0.05

0.09

0.50

[AT_007]_w {1}

Adsorption techniques — activated carbon-lon exchange
resins-Chemical reduction-Coagulation and
flocculation-Precipitation-Sedimentation

0.10

0.10

0.10

0.50

[ES 031] w {3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.10

0.10

0.10

[IT_002] w {1}

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

0.00

0.06

0:10

2.00

18.00

[DE_024]_w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-lon exchange
resins-Neutralisation-Precipitation-Use of buffer tanks
to reduce waste water and emission load peaks-
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Sedimentation

0.10

0.10

0.10

[ES 031] w {1}

Neutralisation-Physical separation (e.g«screens, sieves,
grit separators, grease separators, oil-water, separation)

0.10

0.10

0.10

[ES 031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.10

0.10

0.10

[FR 018] w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or séparation of the individual
pollutants at the point of generation=Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Precipitation

0.10

0.10

0.10

0.50

[AT_005]_w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)

0.00

0.00

0.14

0.50

0.14

[AT 005] w {2}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

0.00

0.01

0.17

0.50

0.12

[DE_025) w{l}

Chemical.reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Physical separation (e.g. screens, sieves, grit separators,

grease separators, oil-water separation)-Adsorption
techniques — activated carbon-Chemical oxidation (e.g.

Electrolytic/anodic, radiation assisted)-Precipitation

0.20

[CZ 006\ w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)

0.01

0.05

0.22

[FR_011]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-Ion exchange resins

0.27

[AT_021]_w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

0.00

0.01

0.29

0.50

0.18

[AT 010] w {1}

Precipitation-Coagulation and flocculation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Evaporation (e.g. vacuum evaporation)-Electrolysis-
Evaporation (e.g. vacuum evaporation)-Sedimentation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Ton exchange resins

0.01

0.04

0.42

0.50

[FR_014] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction

0.01

0.20

0.46

0.50
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Chemical reduction-Coagulation and flocculation-
[DE 018] w {1} | Filtration (e.g. gravel filter, sand filter)-lon exchange | 0.20 - 0.50 -
resins-Neutralisation-Sedimentation-
[DE 045] w {1} Other- - - 0.50 -
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3.2.1.8.13 Ni

The reported data for Ni emissions to water are presented in the following figure. Emission data and contextual ihformation are also presented in Table 3-20.

Emissions to water
Nickel {Ni) and its compounds:

@ Min. Concentration Avg. Concentration @ Max. Concentration = ELV
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Figure 3-21: Ni emissions to water in electrolytic or chemical plating plants
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Table 3-20:

electrolytic or chemical plating plants

Reported data and contextual information for Ni emissions to water in

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da

Y)

[DE_023] w {1}

Evaporation (e.g. vacuum evaporation)-Evaporation
(e.g. vacuum evaporation)-Chemical reduction-
Neutralisation

0.00

0.00

0.00

[SE_005] w {2}

Evaporation (e.g. vacuum evaporation)

0.00

[FR_034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.01

0.50

[AT 011] w {1}

Chemical reduction-Coagulation and flocculation-
Precipitation-Sedimentation-Ion exchange resins-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins

0.01

0.01

0.01

0.50

[BE_020] w {1}

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Sedimentation-Other

0.01

[NL_002] w {3}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.01

0.01

1.00

[NL 002] w {4}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.01

0.01

0.20

[BG 004] w {1}

Neutralisation

0.01

0.50

[BE 001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.01

0.01

0.02

0.05

[FR_017]_w {1}

Chemical reduction

0.00

0.01

0.02

2.00

[CZ 011] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Neutralisation-
Sedimentation-Adsorption techniques — activated
carbon-lon exchange liquid- liquid

0.01

0.01

0.02

0.10

[NL_002] w/{2}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.01

0.01

0.02

0.10

[AT_012] w {1}

Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Precipitation-lon exchange resins-Coagulation and
flocculation-Sedimentation

0.02

0.02

0.02

0.50

[ES 024] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Other

0.01

0.01

0.02

2.00

[NL 002] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Adsorption techniques — activated carbon

0.01

0.01

0.02

0.20

[SE_002] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)

0.00

0.02

0.02

[AT_015] w {1}

Coagulation and flocculation-Precipitation-
Neutralisation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-Physical separation (e.g. screens,
sieves, grit separators, grease separators, oil-water

separation)

0.02

0.50

[BE_040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

0.01

0.01

0.02

0.10
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[FR_020] w {1}

Other

0.01

0.02

0.03

[CZ 010] w {2}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation

0.00

0.03

0.02

0.45

[DE_060] w {1}

Adsorption techniques — activated carbon-Chemical
reduction-Chemical oxidation (e.g. Electrolytic/anodic,
radiation assisted)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation-Ton exchange liquid- liquid-
Membrane micro/ultra/nano filtration-Use of buffer
tanks to reduce waste water and emission load peaks-
Sedimentation-Precipitation

0.03

0.50

[FR 007] w {1}

Coagulation and flocculation-
Nitrification/denitrification

0.03

0.50

[BE 015] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

0.00

0.02

0.03

0.50

[DE 077]_w {1}

0.03

[FI_002]_w {1}

Precipitation-Flotation-Ion exchange resins-Filtration
(e.g. gravel filter, sand filter)

0.04

0.50

[BE_017]_w {1}

Coagulation and flocculation

0.05

0.50

[CZ 002] w {1}

Neutralisation-lon exchange resins-Filtration (e.g.
gravel filter, sand filter)-Adsorption techniques —
activated carbon-Chemical oxidation (e.g:.
Electrolytic/anodic, radiation assisted)

0.01

0.01

0.05

0.10

[ES_031] w {3}

Neutralisation-Physical séparation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.05

0.05

[BE_003] w {1}

Evaporation (e.g. vacuumsevaporation)-Filtration (e.g.
gravel filter, sand filter)-lon exchange liquid- liquid-
Neutralisation-Reverse osmosis-Use of buffer tanks to
reduce waste water and emission load peaks

0.00

0.01

0.06

0.50

[AT 021] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ton exchange resins-Coagulation and
flocculation

0.00

0.01

0.06

0.50

0.32

[DK_001] w 417

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Ton exchange resins

0.00

0.02

0.07

0.25

4.68

[SE 0057aw {1}

Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Adsorption techniques — activated carbon-
Filtration (e.g. gravel filter, sand filter)-lon exchange
liquid- liquid-Membrane micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation

0.03

0.05

0.09

0.30

[DE 045] w {1}

Other

0.10

[AT 005] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)

0.00

0.01

0.11

0.50

0.28

[AT 010] w {1}

Precipitation-Coagulation and flocculation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Evaporation (e.g. vacuum evaporation)-Electrolysis-
Evaporation (e.g. vacuum evaporation)-Sedimentation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Ion exchange resins

0.01

0.02

0.13

0.50

[DE_036] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Electrolysis-Elimination and/or separation
of the individual pollutants at the point of generation-

Filtration (e.g. gravel filter, sand filter)-Ion exchange

0.13

0.50
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resins-Neutralisation-Other-Sedimentation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon

[DE 079] w {1}

Neutralisation-Precipitation-Flotation-Filtration (e.g.
gravel filter, sand filter)-Evaporation (e.g. vacuum
evaporation)-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.14

[ES_031] w {1}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.08

0.14

[ES 010] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Precipitation

0.01

0.06

0.15

2.00

[ES 031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.07

0.15

[BE_018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks

0.03

0.08

0.15

0.30

[DE 024] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Precipitation-Use of buffer tanks
to reduce waste water and emission load peaks-
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Sedimentation

0.10

0.12

0.17

0.50

[BG_006] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Adsorption techniques — activated
carbon-Physical separation (e.g. screens, sieves, grit
separators, grease separators, oil-water separation)-Use
of buffer tanks to reduce waste water and emission load
peaks

0.00

0.02

0.21

2.00

[ES 009] w {1}

Adsorption techniques — activated carbon-Coagulation
and flocculation-Evaporation (e.g. vacuum
evaporation)-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins

0.03

0.13

0.21

5.00

[DE 048] w {1}

0.16

0.19

0.22

[SE_006] w {1}

Chemical reduction-Neutralisation-Precipitation-
Coagulation and flocculation-Sedimentation-Filtration
(e.g. gravel filter, sand filter)

0.01

0.04

0.24

0.50

0.31

[BE 010] w {1}

Coagulation and flocculation

0.04

0.16

0.27

0.50

[DE_019] w {1}

Chemical reduction

0.27

[IT 032].w {1}

Coagulation and flocculation-Ion exchange resins

0.05

0.15

0.28

4.00

[AT 020] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Filtration (e.g. gravel filter, sand filter)-Ion
exchange resins-Neutralisation-Precipitation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon-
Sedimentation

0.02

0.15

0.28

0.40

0.14

[CZ 010] w {1}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.05

0.11

0.29

11.57

[DE 037] w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Specific abatement of PFOS, 6:2 FTS or
other PFAS by adsorption on activated carbon, ion
exchange resins or other adsorbents-Sedimentation-Use
of buffer tanks to reduce waste water and emission load

0.30

0.50
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peaks

[IT_013] w {1}

Chemical reduction

0.00

0.05

0.30

4.00

0.00

[FR_009] w {1}

Coagulation and flocculation-Neutralisation

0.33

2.00

[IT_002] w {1}

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

0.15

0.19

0.34

2.00

54.00

[FR_036] w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water and emission
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

0.34

1.00

[ES_030] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Precipitation

0.01

0.21

0.35

2.00

[DE_025] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Physical separation (e.g. screens, sievesy grit separators;

grease separators, oil-water separation)=Adsorption
techniques — activated carbon-Chemical oxidation (e.g.

Electrolytic/anodic, radiation-assisted)-Precipitation

0.44

[IT_008] w {1}

Chemical oxidation (e.g. Electrolyti¢/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation

0.07

0.21

0.45

2.00

40.18

[AT 006] w {1}

Coagulation andrflecculation-Precipitation-
Sedimentation<Neutralisation-Filtration (e.g. gravel
filter; sand filter)=lon exchange resins

0.17

0.38

0.47

0.50

[AT _004] w {1}

Filtration (e.g. gravel filter, sand filter)-Ion exchange
resing-Coagulation and flocculation-Chemical
reduction-Sedimentation-Neutralisation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation

0.00

0.08

0.48

0.50

[AT 012] wi{2}

Eiltration (e.g. gravel filter, sand filter)-Neutralisation-
Precipitation-lon exchange resins-Coagulation and
flocculation-Sedimentation

0.00

0.19

0.49

0.50

AT, 003] Wyl

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-
Biological treatment- Activated sludge process

0.00

0.16

0.50

0.50

[AT 005] w {2}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

0.00

0.08

0.50

0.50

6.13

[AT 009] w {3}

Evaporation (e.g. vacuum evaporation)

0.00

0.22

0.50

0.50

[AT_007]_w {1}

Adsorption techniques — activated carbon-lon exchange
resins-Chemical reduction-Coagulation and
flocculation-Precipitation-Sedimentation

0.02

0.19

0.50

0.50

[IT_029] w {1}

Absorption-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Precipitation-Sedimentation-Evaporation (e.g. vacuum
evaporation)

0.08

0.17

0.52

4.00

25.67

[FR_006] w {2}

Precipitation-Coagulation and flocculation-Biological

0.02

0.20

0.71

0.20

16.70
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treatment- Activated sludge process

[FI_005] w {1} - 0.0210.27]0.72 | 0.50 | -
Coagulation and flocculation-Filtration (e.g. gravel
[ES 002] w {1} filter, sand filter) 0.06 1 0.26 | 0.76 | 5.00 | -
[FR_006] w {1} Precipitation-Coagulation and flocculation 0.01 { 0.12 | 0.81 | 0.20 |38.29
[FR_024] w {1} Chemical reduction-Neutrali§ation-¢oagulation and 00510201 081|120 i
flocculation-Sedimentation
[DE _054] w {1} Coagulation and flocculation 0.10 1 0.35 | 0.86 | 0.50 -
Chemical reduction-Coagulation and flocculation-
[DE 018] w {1} | Filtration (e.g. gravel filter, sand filter)-lon exchange | 0.10 - 1.00 - -
resins-Neutralisation-Sedimentation
[IT _031] w {1} Coagulation and flocculation 0.10 { 0.35 | 1.10 | 4.00 -
[FI_003] w {1} - 0.01 ] 0.08 | 1.16 | 1.00 | -
Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
[FR _018] w {1} | pollutants at the point of generation-Filtration (e.g. 0.05 { 0.64 | 1.30 | 2:00 -
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Precipitation
Absorption-Sedimentation-Coagulation and
flocculation-Electrodialysis-Evaporation (e.g. vacuum
evaporation)-Filtration (e.g. gravel filter, sand filter)-
[CZ_007]_w i1} | 1o exchange resins-Neutralisation-Physical separation 0.12. 10491 1.34 ) - )
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)
Chemical oxidation (e.g. Electrolytic/anodic, radiation
[FR 015] w {1} assisted)-Coagulation and flocculation-Other- 0.10 { 0.10 | 1.54 | 5.00 -
Precipitation-Filtration (e.g. gravel filter, sand filter)
Chemical reduction-Evaporation (e.g. vacuum
[FR 035] w {1} evaporation)-Coagulation and flocculation-Ion 0.00 { 0.29 | 1.96 | 0.50 | 7.52
exchange resins-Neutralisation-lon exchange resins
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Neutralisation-Coagulation and flocculation-
[FR_OTT]_w {1} Precipitation-Sedimentation-Filtration (e.g. gravel 0.30°) 1.08 1 2.00°1 2.00 )
filter, sand filter)-Ion exchange resins
Chemical reduction-Chemical reduction-Chemical
[FR _012] w {1} |reduction-Neutralisation-Coagulation and flocculation- | 0.10 | 0.70 | 2.00 | 2.00 -
Filtration (e.g. gravel filter, sand filter)
[FR_014] w {1} Chemical reduction-Chemi.cal reduction-Chemical 014 | 117 | 2.00 | 2.00 i
reduction
[IT _020] w {1} Coagulation and flocculation 0.02 | 0.67 | 3.34 | 4.00 | 3.36
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3.2.1.8.14 Sn

The reported data for Sn emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-21.

Emissions to water
Tin (Sn) and its compounds:

@ Min. Concentration Avg. Concentration

10 —

® Max. Concentration = ELV

I

_ .
& & & " g & @Q/@’\ \g%&’m 8\«6“ @%Q& 3\)’“& _\Q;z@(y & 4 & $*
Sourc 2023]
Figure 3-22: Sn emissions to water in electrolytic or chemical plating plants
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Table 3-21:

electrolytic or chemical plating plants

Reported data and contextual information for Sn emissions to water in

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da

Y)

[FR _024] w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.00

0.00

0.00

1.20

[AT_003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-

Biological treatment- Activated sludge process

0.00

0.00

0.00

1.00

[IT_008] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation

0.00

0.00

0.00

10.00

0.15

[DE_060] w {1}

Adsorption techniques — activated carbon-Chemical
reduction-Chemical oxidation (e.g. Electrolytic/anodic,
radiation assisted)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation-Ion exchange liquid- liquid-
Membrane micro/ultra/nano filtration-Use of buffer
tanks to reduce waste water and emission load peaks-
Sedimentation-Precipitation

0.01

2.00

[FR 034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.01

2.00

[FR_036] w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water and emission
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

0.01

2.00

[DK_001] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins

0.00

0.00

0.01

0.06

0.22

[NL_002] w {3}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.01

0.01

0.10

[FR_009] w {1}

Coagulation and flocculation-Neutralisation

0.01

0.10

[BE 017] w {1}

Coagulation and flocculation

0.01

0.04

[BE.020]_w {1}

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Sedimentation-Other

0.01

[FR_017]_w {1}

Chemical reduction

0.00

0.00

0.01

2.00

[BE 001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.01

0.01

0.01

0.20

[BE_040] w {1}

Neutralisation-Coagulation and flocculation-Use of

buffer tanks to reduce waste water and emission load

peaks-Use of buffer tanks to reduce waste water and

emission load peaks-Filtration (e.g. gravel filter, sand
filter)

0.01

0.01

0.01

0.04

[DE_036] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation

0.02

2.00
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assisted)-Chemical reduction-Coagulation and
flocculation-Electrolysis-Elimination and/or separation
of the individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-lon exchange
resins-Neutralisation-Other-Sedimentation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon

[ES 024] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Other

0.01

0.02

0.03

2.00

[SE_002] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)

0.00

0.01

0.03

[BE 018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks

0.04

0.04

0.04

0.25

[NL_002] w {4}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.03

0.05

0.10

[FR_020] w {1}

Other

0.05

0.05

0.05

[NL_002] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)=
Adsorption techniques — activated.carbon

0.01

0.02

0.05

0.20

[FI_005] w {1}

0.00

0.02

0.06

2.00

[AT 010] w {1}

Precipitation-Coagulation and flocculation=Chemical
oxidation (e.g. Electrolytic/anodic;radiation assisted)-
Evaporation (e.g. vacuum eyaporation)-Electrolysis-
Evaporation (e.g. vacuumevaporation)-Sedimentation-
Filtration (e.g. gravel filterysand filter)-Neutralisation-
lonyexchange resins

0.01

0.02

0.08

1.00

[DE_054] w {1}

Coagulation and floeculation

0.10

0.10

0.10

2.00

[FR 012] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction-Neutralisation-Coeagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.00

0.02

0.10

2.00

[IT 002] w {i

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

0.00

0.05

0.10

10.00

16.00

[1T 032} w\{ 1}

Coagulation and flocculation-Ion exchange resins

0.05

0.10

0.11

[ES 031\ w {3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.20

0.20

0.20

[ES 031] w {1}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.20

0.20

0.20

[ES 031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.20

0.20

0.20

[FR_035]_w {1}

Chemical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-lon
exchange resins-Neutralisation-lon exchange resins

0.00

0.21

0.71

0.30

3.23

[FR_018]_w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Precipitation

0.10

0.25

0.74

2.00

[AT 012] w {1}

Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Precipitation-Ton exchange resins-Coagulation and
flocculation-Sedimentation

0.02

0.41

0.97

1.00
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Absorption-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Precipitation-Sedimentation-Evaporation (e.g. vacuum
evaporation)

[IT_029] w {1} 1.00 | 1.00 | 1.00 | -

[IT _031] w {1} Coagulation and flocculation 0.10 [ 0.25 | 1.00 -

Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Coagulation and flocculation-Chemical
[AT 004] w {1} reduction-Sedimentation-Neutralisation-Chemical 0.00 { 0.51 | 1.17 | 1.00
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation

Chemical oxidation (e.g. Electrolytic/anodic, radiation
[FR 015] w {1} assisted)-Coagulation and flocculation-Other- 0.10 { 0.10 | 1.50 | 2.00
Precipitation-Filtration (e.g. gravel filter, sand filter)

Precipitation-Coagulation and flocculation-
[AT 009] w {1} | Sedimentation-Neutralisation-Filtration (e.g. gravel | 0.00 | 0.33 | 1.58 | 2.00
filter, sand filter)-lon exchange resins

Chemical reduction-Coagulation and flocculation-
[DE 018] w {1} | Filtration (e.g. gravel filter, sand filter)-lon exchange | 0.20 - 2.00 -
resins-Neutralisation-Sedimentation
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3.2.1.8.15 Zn

The reported data for Zn emissions to water are presented in the following figure. Emission data and contextual.information are also presented in Table 3-22.

Emissions to water
Zinc (Zn) and its compounds:

@ Min. Concentration Avg. Concentration @ Max. Concentration = ELV
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Figure 3-23: Zn emissions to water in electrolytic or chemical plating plants
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Table 3-22:

electrolytic or chemical plating plants

Reported data and contextual information for Zn emissions to water in

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da

Y)

[BE_003] w {1}

Evaporation (e.g. vacuum evaporation)-Filtration (e.g.
gravel filter, sand filter)-Ion exchange liquid- liquid-
Neutralisation-Reverse osmosis-Use of buffer tanks to
reduce waste water and emission load peaks

0.00

0.00

0.00

0.50

[FR_036]_w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water and emission
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

0.01

1.50

[FR 012] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

0.01

0.01

0.01

3.00

[NL_002] w {2}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.00

0.01

0.02

0.10

[FI_002]_w {1}

Precipitation-Flotation-lon exchange resins-Filtration
(e.g. gravel filter, sand filter)

0.02

2.00

[FR_018]_w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Precipitation

0.02

0.02

0.02

2.00

[DE_060] w {1}

Adsorption techniques — activated carbon-Chemical
reduction-Chemical oxidation (e.g. Electrolytic/anodic,
radiation assisted)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation-Ion exchange liquid- liquid-
Membrane micro/ultra/nano filtration-Use of buffer
tanks to reduce waste water and emission load peaks-
Sedimentation-Precipitation

0.03

2.00

[NL_002] w {4}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.03

0.03

0.03

0.20

[NL_002].w {3}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation-Filtration (e.g. gravel filter,
sand filter)

0.00

0.00

0.04

1.00

[IT_008]. w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation

0.01

0.02

0.04

0.50

6.31

[AT 015] w {1}

Coagulation and flocculation-Precipitation-
Neutralisation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-Physical separation (e.g. screens,
sieves, grit separators, grease separators, oil-water

separation)

0.04

1.00

[FR 034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.01

0.01

0.05

2.00

1.08

[CZ 010] w {1}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

0.01

0.03

0.06

1.58

[FR_007]_w {1}

Coagulation and flocculation-
Nitrification/denitrification

0.06

2.00

[FR_020]_w {1}

Other

0.02

0.03

0.06

[NL 002] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-

0.03

0.03

0.06

0.20
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Adsorption techniques — activated carbon

[BE_017]_w {1}

Coagulation and flocculation

0.06

0.50

[ES_031] w {1}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.06

0.07

[ES_031] w {3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.06

0.07

[CZ 011]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Neutralisation-
Sedimentation-Adsorption techniques — activated
carbon-lon exchange liquid- liquid

0.01

0.01

0.07

2.00

[BE_001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.06

0.06

0:08

0.20

[CZ 001] w {1}

Neutralisation-Sedimentation

0.01

0.02

0.09

0.60

[AT 006] w {1}

Coagulation and flocculation-Precipitation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-Ion exchange resins

0.02

0.05

0.10

1.00

[AT 010] w {1}

Precipitation-Coagulation and flocculation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Electrolysis-Evaporation (e.g. vacuum eyvaporation)-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Neutralisation-lon exchange resins

0.01

0.01

0.10

1.00

[BE_018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge process-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membrane miero/ultra/nano filtration-Use
of buffer tanks to reducemwastcwater and emission load
peaks

0.01

0.01

0.10

0.03

[DE _024] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Precipitation-Use of buffer tanks
to reduce waste water and emission load peaks-
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Sedimentation

0.10

0.10

0.10

2.00

[DE 048] w 417}

0.06

0.11

[IT_031], w41}

Coagulation and flocculation

0.05

0.09

0.12

1.00

[IT 032] 'w {1}

Coagulation and flocculation-Ion exchange resins

0.05

0.09

0.12

1.00

[CZ_007)_w {1}

Absorption-Sedimentation-Coagulation and
flocculation-Electrodialysis-Evaporation (e.g. vacuum
evaporation)-Filtration (e.g. gravel filter, sand filter)-
Ton exchange resins-Neutralisation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,

oil-water separation)

0.00

0.04

0.15

[CZ 010] w {2}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation

0.01

0.05

0.15

3.92

[DE_054] w {1}

Coagulation and flocculation

0.03

0.09

0.15

2.00

[IT_002] w {1}

Equalisation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins-Biological
treatment- Activated sludge process-
Nitrification/denitrification

0.05

0.16

0.50

24.00

[ES_031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.05

0.11

0.17
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[ES 024] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Other

0.02

0.05

0.19

2.00

[BE 015] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biological treatment-
Activated sludge process-Sedimentation-Filtration (e.g.
gravel filter, sand filter)

0.01

0.06

0.20

0.50

[DE_037]_w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Specific abatement of PFOS, 6:2 FTS or
other PFAS by adsorption on activated carbon, ion
exchange resins or other adsorbents-Sedimentation-Use
of buffer tanks to reduce waste water and emission load
peaks

0.20

2.00

[DE 079] w {1}

Neutralisation-Precipitation-Flotation-Filtration (e.g.
gravel filter, sand filter)-Evaporation (e.g. vacuum
evaporation)-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.20

[DK_001] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins

0.01

0.03

0.20

3.00

3.93

[IT_006] w {1}

Coagulation and flocculation-Chemical reduction-
Precipitation

0.12

0.18

0.22

1.00

3.49

[BE 020] w {1}

Chemical reduction-Adsorption techniques — activated
carbon-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Neutralisation-Sedimentation-Other

0.25

[BE_031] w {1}

Acid (resin) sorption or retardation

0.23

0.25

0.27

[AT_003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-

Biological treatment- Activated sludge process

0.00

0.03

0.32

1.00

[AT_004] w {1}

Filtration (e.g. gravel filter, sand filter)-lon exchange
resins-Coagulation and flocculation-Chemical
reduction-Sedimentation-Neutralisation-Chemical
oxidation (e.g. Electrolytic/anodic, radiation assisted)-
Precipitation

0.00

0.05

0.34

2.00

[FR_009].w {1}

Coagulation and flocculation-Neutralisation

0.35

3.00

[BE 040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and
emission load peaks-Filtration (e.g. gravel filter, sand

filter)

0.02

0.07

0.44

1.00

[FR_015]_w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.10

0.10

0.44

2.00

[FR_006] w {2}

Precipitation-Coagulation and flocculation-Biological
treatment- Activated sludge process

0.03

0.16

0.46

0.50

22.13

[FR_006]_w {1}

Precipitation-Coagulation and flocculation

0.01

0.12

0.49

0.50

38.70

[BG 006] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Adsorption techniques — activated
carbon-Physical separation (e.g. screens, sieves, grit
separators, grease separators, oil-water separation)-Use

0.10

0.28

0.61

5.00
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of buffer tanks to reduce waste water and emission load
peaks

[IT_029] w {1}

Absorption-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Precipitation-Sedimentation-Evaporation (e.g. vacuum
evaporation)

0.02

0.14

0.67

1.00

29.06

[AT 021] w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

0.01

0.02

0.71

1.00

0.67

[ES 013] w {1}

Adsorption techniques — activated carbon-
Neutralisation-Coagulation and flocculation-
Crystalisation-Flotation-lIon exchange resins

0.20

0.23

0.80

2.00

[FR 024] w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.01

0.07

0.81

1.70

[DE 077]_ w {1}

0-89

[AT 020] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-Filtration (e.g. gravel filter, sand filter)-lon
exchange resins-Neutralisation-Precipitation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon-
Sedimentation

0.00

0.07

0.90

1.00

0.07

[CZ 006] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)

0.00

0.16

0.99

[AT 005] w {2}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)-Ion exchange resins-Coagulation and
flocculation

0.01

0.01

1.00

1.00

1.16

[CZ 003] w {1}

Neutralisation

0.20

0.57

1.00

[ES 014] w {1}

Coagulation and floeculation-Membrane
micro/ultra/nano filtration-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Othe

0.03

0.41

1.00

1.00

1.70

[FR 017] w {1}

Chemical reduction-

0.01

0.36

1.30

3.00

[FR_035] w {1}

Chémical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-Ion
exchange resins-Neutralisation-Ion exchange resins

0.01

0.05

1.43

0.50

2.19

[AT 011] w1}

Chemieal reduction-Coagulation and flocculation-
Precipitation-Sedimentation-lon exchange resins-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resing

0.31

0.91

1.80

2.00

[AT_009] W {3}

Evaporation (e.g. vacuum evaporation)

0.00

1.20

1.88

2.00

[AT007), Wi}

Adsorption techniques — activated carbon-Ion exchange
resins-Chemical reduction-Coagulation and
flocculation-Precipitation-Sedimentation

0.00

0.33

1.91

2.00

[AT 009] w {2}

Ion exchange resins-Precipitation-Coagulation and
flocculation-Sedimentation-Neutralisation-Filtration
(e.g. gravel filter, sand filter)-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Evaporation (e.g. vacuum evaporation)

0.51

1.56

1.97

2.00

[AT_005]_w {1}

Neutralisation-Precipitation-Filtration (e.g. gravel filter,
sand filter)

0.01

0.13

2.00

2.00

5.54

[AT 008] w {1}

Precipitation-Coagulation and flocculation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-Ion exchange resins

0.10

0.60

2.00

2.00

[AT 012] w {2}

Filtration (e.g. gravel filter, sand filter)-Neutralisation-
Precipitation-lon exchange resins-Coagulation and
flocculation-Sedimentation

0.02

0.75

2.00

2.00

[DE_018]_w {1}

Chemical reduction-Coagulation and flocculation-

0.10

2.00
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Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Sedimentation

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Neutralisation-
[DE_025] w {1} Physical separation (e:g. screens, sieves, grit separators,| = 1a00l -

- - grease separators, oil-water separation)-Adsorption
techniques — activated carbon-Chemical oxidation (e.g.

Electrolytic/anodic, radiation assisted)-Precipitation

[DE_045] w {1} Other - - 200 -

Adsorption techniques — activated carbon-Coagulation
and flocculation-Evaporation (e.g. vacuum
evaporation)-Filtration (e.g. gravel filter, sand filter)-
Ion exchange resins

[ES_009] w {1} 0.05 | 0.54 | 2.50 | 10.00

[FR_014] w {1} Chemical reductlon—Cheml.cal reduction-Chemical 001 | 2.09 | 201 | 3.00
— — reduction

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Neutralisation-Coagulation and flocculation-
Precipitation-Sedimentation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins

[FR 011] w {1} 0.35 {'1.33 | 3.00 | 3.00

Neutralisation-Ion exchange resins-Filtration (e.g.
gravel filter, sand filter)-Adsorption techniques —
activated carbon-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)

[CZ 002] w {1} 0.15- 1.18 | 3.32 | 4.00

Coagulation and flocculation-Filtration (e.g. gravel
filter, sand filter)-Neutralisation-Sedimentation-
Physical separation (e.g. screens, sieves, grit separators,
grease separators, oil-water separation)

[BG_013] w {1} 0.12 | 1.05 | 4.60 | -

Coagulation and flocculation-Filtration (e.g. gravel

[ES_002]_w {1} filter, sand filter)

0.76 | 2.55 | 4.95 | 5.00

[FI_005]_w {1} - 0.09 | 0.88 | 7.10 | 2.00
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3.21.9 Perfluoroalkyl and polyfluoroalkyl substances (PFAS)

The reported data for PFAS emissions to water are presented in the following figure. Emission data and contextual information are also presented in Table 3-23.
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0.00010 I
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3] & = o] o] 3] i = 2 z z g = z = ] 2 B
= l l l l = = = = = = = l = = l l =
Ed Ed Ed Ed Ed & 2] u =3 < < Ed Ed Ed 4 £ < g
Parameter
PFHRA | PFHWA | RJ-FTS | PFAS PFAS PFAS PFOS PFAS PFAS | RIFIS | R7-FTS | PFRS | PFHiA PFOS PFOS | PFReA | Sumof | R FTS
(H4 PFOS) PFAS
NB: Concentration axis in logarithmic scale.
Source: [168, TWG 2023]

Figure 3-24: PFAS emissions to water in electrolytic or chemical plating plants
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Table 3-23:

Reported data and contextual information for PFAS emissions to water in electrolytic or chemical plating plants

§ =z £ET S =
Emission = 95t | 2 £|.8 T 23
. § Abatement technique(s) Min. Avg. Max. |ELV £ 3|2 | LoQ |2 % 4§ Additional information
Point i perc.| $&| 5 g ol
& SN =
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
[AT 020] flocculation-Filtration (e.g. gravel filter, sand filter)-Ion
wi{l | PFHpA| exchange resins-Neutralisation-Precipitation-Use of |0.000012]0.0000120.000012 - 10.00001 - Reference year 2024
- buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon-
Sedimentation
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
[AT 020] flocculation-Filtration (e.g. gravel filter, sand filter)-lon DIN
—{ 1 PFHxA| exchange resins-Neutralisation-Precipitation-Use of [0.000016|0.000016|0.000016 38407|0.00001 | - Reference year 2024
W buffer tanks to reduce waste water and emission load -42
peaks-Adsorption techniques — activated carbon-
Sedimentation
6:2- Filtration (e.g. gravel filter, sand filter)-Ion exchange
[AT 004] F;FS resins-Coagulation and flocculation-Chemical DIN
wi{l} (H4- reduction-Sedimentation-Neutralisation-Chemical -~ [0.000039{0.000075|0.000110 38407 - - Reference year 2024
- PFOS) oxidation (e.g. Electrolytic/anodic, radiation assisted)- -42
Precipitation
DIN
. S S 38407
[AT 005] PFAS Neutralisation-Precipitation-Filtration (e.g. gravel filter, 0.05 0.05 0.05 42| 005 ) -
w {1} sand filter)
- 2011-
03
DIN
[AT 005] Neutralisation-Precipitation-Filtration (e.g. gravel filter, 38407
—{2 ) PFAS sand filter)-lon exchange resins-Coagulation and 0.05 0.05 0.05 -42: 1 0.05 - <
W flocculation 2011-
03
Chemical reduction-Adsorption techniques — activated Exter Ol::i:?l:eo];il{?r illf:el
[BE 020] carbon-Coagulation and flocculation-Filtration (e.g. o
PFAS . 0.51 nal - Other | passivation bath relevant
~w {1} gravel filter, sand filter)-Ion exchange resins- lab for external waste
Neutralisation-Sedimentation-Other-Other
processor.
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Results for discharged
PFOS in effluent from site
waste water treatment incl.
treated water from plating,
in 2022. PFOS still in
effluent due to diffuse
sources, but minority from
Use of buffer tanks to reduce waste water and emission & outlet active carbon
load peaks-Chemical reduction-Specific abatement of ‘5 | treatment for waste water
PFOS, 6:2 FTS or other PFAS by adsorption on = | from plating baths due to
[BE 015] activated carbpn, ion exchange resins or other 0,000 g removal efﬁc.iency 0f 99 %
w_{l} PFOS | adsorbents-Physical separation (e.g. screens, sieves, 0.021 0.345 1.32 711263 | 1 99 - - 8 of the active carbon
- grit separators, grease separators, oil-water separation)- g treatment. Note no
Neutralisation-Sedimentation-Biological treatment- =. | intentional dosage/usage
Activated sludge process-Sedimentation-Filtration (e.g. g of PFOS since 2014, but
gravel filter, sand filter) O | still relevant concentration
of PFOS in the plating
baths. Specified ELV
needs to be respected all
time and will become
according permit more
stringent in Sept 2024
(20 ng/1).
Ch§mica1 oxidatior} (e.g. Electrolyti.c/anodic, rgdia.tion Sum PFAS: PFOS 18.6:
[CZ 011] assisted)-Coagulation and flocculation-Neutralisation- . .
~w {1} PEAS Sedimentation-Adsorption techniques — activated 227 ) 0-5 ) leachlr}g re.sultlng from
L historical use
carbon-Ion exchange liquid- liquid
Orientating measurement,
Adsorption techniques — activated carbon-Chemical sum parameter (PFBA,
reduction-Chemical oxidation (e.g=Electrolytic/anodic, % on| PFPeA, PFHxA, PFHpA,
[DE_060] radiation assist?d)-'Filtration (e.g. grayel 'ﬁlte.r, sgmd DIN z -g PFOA, PFNoA, PFDeA,
wi{ 1} PFAS filter)-Neutralisation-lonexchange liquid- Tiquid- 53 38407 - % = PFUnA, PFDoA, PFOSA,
- Membrane micro/ultra/nano filtration-Use of buffer -42 5 ©| PFBS, PFPeS, PFHxS,
tanks to reduce waste‘water and emission load peaks- og g PFHpS, PFOS, PFDeS,
Sedimentation-Precipitation FTS 4:2, FTS 6:2, FTS
8:2)
Chemical reduction-Chemical oxidation (e.g.
[AT 003]| 62 Electroly.tic/anodi.c,.radiation a.ssisted).-Coagulation and 6:2 FTS: 3 times, 65- 120
w_{l} FTS ﬂoccula}tlon—'Prec.lpltatlon-Sedlmentatlon—lon exchange 65 120 - - - ug/l (in use)
- resins-Filtration (e.g. gravel filter, sand filter)-
Biological treatment- Activated sludge process

DDG/GCH/ES/EU-BRITE/STM_Draft 1

Februar 2025

247




Chapter 3

Chemical reduction-Chemical oxidation (e.g.
[AT 003]| 6:2- Electroly'tic/anodi'c,'radiation a'ssisted)'-Coagulation and DIN 6:2 FTS: 3 times, 65- 120
w il FTS ﬂocculE}tlon-'Prec.lpltatlon-Sedlmentatlon-Ion exchange 34 120 38407 ug/l (in use)
- resins-Filtration (e.g. gravel filter, sand filter)- -42
Biological treatment- Activated sludge process
Chemical reduction-Chemical oxidation (e.g.
[AT 003] Electroly'tic/anodi'c,.radiation a'ssisted).-Coagulation and PFBS: 3 times; 0,1 5- 0,16
wi{l} PFBS ﬂocculgtlon-.Prec.lpltatlon-Sedlmentatlon-Ion exchange | 0.15 0.16 - pg/l (small use until last
- resins-Filtration (e.g. gravel filter, sand filter)- month)
Biological treatment- Activated sludge process
Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and o
[AT—;)IO }3] PFHxA | flocculation-Precipitation-Sedimentation-lon exchange | 0.18 0.23 - PFHXAO’ 233t1m<;ls > 0,18-
W resins-Filtration (e.g. gravel filter, sand filter)- < HE
Biological treatment- Activated sludge process
Chemical reduction-Chemical oxidation (e.g.
[AT 003] Electroly'tic/anodi'c,'radiation a'ssisted)'-Coagulation and PFOS, 3 times': 0,12- Q,l 7
wi{l | PFOS | flocculation-Precipitation-Sedimentation-Ion exchange | 0.12 0.17 - pg/l (no more in use since
- resins-Filtration (e.g. gravel filter, sand filter)- 2012)
Biological treatment- Activated sludge process
Chemical reduction-Chemical oxidation (e.g.
[AT 003] Electroly.tic/anodi.c,.radiation qssisted)-Coagulation and DIN PFOS, 3 times.: 0,12- Q,] 7
wi{ 1} PFOS | flocculation-Precipitation-Sedimentation-lon exchange | 0.013 0.17 38407 pg/l (no more in use since
- resins-Filtration (e.g. gravel filter, sand filter)- -42 2012)
Biological treatment- Activated sludge process
Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and e
[AT—;)IO }3] PFPeA | flocculation-Precipitation-Sedimentation-lon exchange | 0.042 0.057 - PFPeAO. 3 5t17mes/.10,042-
W resins-Filtration (e.g. gravel filter, sand filter)- ’ He
Biological treatment- Activated sludge process
Sum of 25 PFASPFBA,
PFBS, PFPeA, PFPeS,
PFHxA, PFHxS, PFHpA, 7H-
Chemical reduction-Chemical oxidation (e.g. PFHpA, PFHpS, PFO, PFOS,
[AT 003]|Sum of Electrolytnic/anodiﬁc,.radiation a.ssisted).-Coagulation and DIN PFOSA, PFNA, PFNS,
w_{ 1} | PFAS flocculation-Precipitation-Sedimentation-lon exchange 3.6 66 66 38407 PFDA, PFDS, PFUnDA,
- resins-Filtration (e.g. gravel filter, sand filter)- -42 PFuNDS, PFDoDA, PFDoDS,
Biological treatment- Activated sludge process PFTIDA, PFTIDS, PFTeDA,
6:2-FTS (1H, 1H, 2H, 2H-
PFOS), 2H,2H,3H,3H-
PFUnDA
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Chrome-containing rinse
water is circulated > 95 %.
Chemigal r'eduction-Coagula'tion and ﬂpcgu}ation- T?rce;f;lja;:l:gtlgfcamat;zIS
Elimination and/or separation of the individual treated waste water is then
pollutants at the point of generation-Filtration (e.g. purified via a special H4PFOS
[DE 037]| 6:2 gra'wel' filter, sapd filter)-Ion exchange resins- 'ion exchanger. The puriﬁgd
Wi{ 1y | FTS Neutralisation-Specific al?atement Qf PFOS, 6:2 FTS or 13 80.7 250 - - - [rinse water no longer contains
- other PFAS by adsorption on activated carbon, ion H4PFOS concentrations.
exchange resins or other adsorbents-Sedimentation-Use Through this partial flow
of buffer tanks to reduce waste water and emission load treatment, the H4PFOS
peaks content in thevtotzvil waste
water can be significantly
reduced. 5 measurements per
year.
3.2.1.10 Total phosphorus

The reported data for total phosphorus emissions to water are presented in the following figure.” Emission data and contextual information are also presented in Table

3-24.

Emissions to water

Total phosphorus:
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ns to water dota per parameter based on 3 years of r

ce: [168, TWG 2023]
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Figure 3-25: Total phosphorus emissions to water in electrolytic or chemical plating plants
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Table 3-24:

to water in electrolytic or chemical plating plants

Reported data and contextual information for total phosphorus emissions

Emission Point

Abatement technique(s)

Min.

Avg.

Max.

ELV

Load
(g/da
y)

[IT_029] w {1}

Absorption-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Coagulation and flocculation-Filtration (e.g.
gravel filter, sand filter)-lon exchange resins-
Precipitation-Sedimentation-Evaporation (e.g. vacuum
evaporation)

0.01

0.01

0.01

10.00

41.96

[IT_008] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
flocculation-

0.01

0.01

0.03

10.00

2.15

[FR 014] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction

0.02

0.05

0.05

15.00

[AT_009] w {1}

Precipitation-Coagulation and flocculation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-lon exchange resins

0.01

0.03

0.05

[FR_036]_w {1}

Coagulation and flocculation-Adsorption techniques —
activated carbon-Elimination and/or separation of the
individual pollutants at the point of generation-
Filtration (e.g. gravel filter, sand filter)-Evaporation
(e.g. vacuum evaporation)-Neutralisation-Precipitation-
Use of buffer tanks to reduce waste water-and emission
load peaks-Precipitation-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Filtration (e.g. gravel filter, sand
filter)-Neutralisation

0.06

5.00

[FR _034] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)-Use of buffer tanks to
reduce waste water and emission load peaks

0.01

0.05

0.06

50.00

2.54

[AT_008] w {1}

Precipitation-Coagulation and flocculation-
Sedimentation-Neutralisation-Filtration (e.g. gravel
filter, sand filter)-Ton exchange resins

0.08

0.08

0.08

2.00

[AT 009] w {3}

Evaporation (e.g. vacuum evaporation)

0.08

0.08

0.08

[FR_024]_w {1}

Chemical reduction-Neutralisation-Coagulation and
flocculation-Sedimentation

0.05

0.05

0.08

[ES 013] w {1}

Adsorption techniques — activated carbon-
Neutralisation-Coagulation and flocculation-
Crystalisation-Flotation-Ion exchange resins

0.10

0.10

0.10

40.00

[AT_007] w {1}

Adsorption techniques — activated carbon-lon exchange
resins-Chemical reduction-Coagulation and
flocculation-Precipitation-Sedimentation

0.11

0.11

0.11

[FR.007] w {1}

Coagulation and flocculation-
Nitrification/denitrification

0.18

[AT_009] w {2}

Ton exchange resins-Precipitation-Coagulation and
flocculation-Sedimentation-Neutralisation-Filtration
(e.g. gravel filter, sand filter)-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Evaporation (e.g. vacuum evaporation)

0.07

0.10

0.19

[ES 004] w {1}

Neutralisation-Other-Coagulation and flocculation-
Sedimentation

0.20

0.20

0.20

20.00

[SE_006] w {1}

Chemical reduction-Neutralisation-Precipitation-
Coagulation and flocculation-Sedimentation-Filtration
(e.g. gravel filter, sand filter)

0.03

0.06

0.26

3.00

0.55

[BG 004] w {1}

Neutralisation

0.29

5.00

[BE_040] w {1}

Neutralisation-Coagulation and flocculation-Use of
buffer tanks to reduce waste water and emission load
peaks-Use of buffer tanks to reduce waste water and

0.20

0.22

0.30

1.00
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emission load peaks-Filtration (e.g. gravel filter, sand
filter)

[SE_005] w {1}

Coagulation and flocculation-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Chemical
reduction-Adsorption techniques — activated carbon-
Filtration (e.g. gravel filter, sand filter)-lon exchange
liquid- liquid-Membrane micro/ultra/nano filtration-
Reverse osmosis-Sedimentation-Neutralisation

0.30

0.30

0.30

1.00

[CZ 001]_w {1}

Neutralisation-Sedimentation

0.00

0.14

0.45

1.00

[ES_031] w {3}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.50

0.50

0.50

[BE_010] w {1}

Coagulation and flocculation

0.23

0.38

0.59

1.00

[CZ 006] w {1}

Neutralisation-Coagulation and flocculation-Filtration
(e.g. gravel filter, sand filter)

0.05

0.14

0.59

[IT_013] w {1}

Chemical reduction

0.00

0.33

0.70

10.00

0.39

[ES_031] w {1}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.50

0.62

0.85

[BE 015] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Chemical reduction-Specific abatement of
PFOS, 6:2 FTS or other PFAS by adsorption on
activated carbon, ion exchange resins or other
adsorbents-Physical separation (e.g. screens, si€ves,
grit separators, grease separators, oil-water separation)-
Neutralisation-Sedimentation-Biologicaltreatment-
Activated sludge process- Filtration (e«g. gravel filter,
sand filter)

0.11

0.27

0.87

10.00

[AT 011] w {1}

Chemical reduction-Coagulation and flocculation-
Precipitation-Sedimentatiop=Ion exchange resins-
Filtration (e.g. gravel filter,sand filter)

0.16

0.37

1.12

2.00

[BE_018] w {1}

Coagulation and flocculation-Neutralisation-Biological
treatment- Activated sludge proeess-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Nitrification/denitrification-Reverse osmosis-
Precipitation-Membtrane micro/ultra/nano filtration-Use
of buffer tanks to reduce waste water and emission load
peaks

0.15

0.44

1.32

2.00

[AT 020] w {47

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Chemical reduction-Coagulation and
floceulation-Filtration (e.g. gravel filter, sand filter)-lon
exchange resins-Neutralisation-Precipitation-Use of
buffer tanks to reduce waste water and emission load
peaks-Adsorption techniques — activated carbon-
Sedimentation

0.33

0.80

1.39

9.00

23.10

[BE 017]w\ {1}

Coagulation and flocculation

1.50

2.00

[ITR032) w {1}

Coagulation and flocculation-lIon exchange resins

0.10

0.48

1.50

15.00

[ES_024] w {1}

Neutralisation-Coagulation and flocculation-
Sedimentation-Other

0.05

0.35

1.60

30.00

[AT 003] w {1}

Chemical reduction-Chemical oxidation (e.g.
Electrolytic/anodic, radiation assisted)-Coagulation and
flocculation-Precipitation-Sedimentation-lon exchange

resins-Filtration (e.g. gravel filter, sand filter)-
Biological treatment- Activated sludge process

0.00

0.55

2.00

2.00

[DE_024] w {1}

Chemical reduction-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)-Ion exchange
resins-Neutralisation-Precipitation-Use of buffer tanks
to reduce waste water and emission load peaks-
Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Sedimentation

2.00

2.00

2.00

[DE_045] w {1}

Other

2.00

[IT_006] w {1}

Coagulation and flocculation-Chemical reduction-

0.76

1.17

2.12

10.00

25.48
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Precipitation

[FR_017]_w {1}

Chemical reduction

0.09

0.63

2.20

50.00

[FR_009] w {1}

Coagulation and flocculation-Neutralisation

2.49

20.00

[ES 031] w {2}

Neutralisation-Physical separation (e.g. screens, sieves,
grit separators, grease separators, oil-water separation)

0.50

1.57

2.50

[BE_001] w {1}

Use of buffer tanks to reduce waste water and emission
load peaks-Coagulation and flocculation-
Neutralisation-Sedimentation-Adsorption techniques —
activated carbon-Sedimentation-Physical separation
(e.g. screens, sieves, grit separators, grease separators,
oil-water separation)-Filtration (e.g. gravel filter, sand
filter)

0.30

0.96

3.60

2.00

[FR_020] w {1}

Other

0.33

2.33

4.94

[IT_020] w {1}

Coagulation and flocculation

0.10

2.03

5.91

10.00

9.03

[FR_006] w {1}

Precipitation-Coagulation and flocculation

0.09

1.52

6.94

7.00

]
[FR_006] w {2}

Precipitation-Coagulation and flocculation-Biological
treatment- Activated sludge process

0.50

3.12

9.65

10.00

[CZ 010] w {1}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation-Filtration (e.g. gravel filter, sand filter)

1.69

5.45

9.66

[CZ 010] w {2}

Neutralisation-Coagulation and flocculation-Flotation-
Sedimentation

2.89

5.35

9.80

[FR 012] w {1}

Chemical reduction-Chemical reduction-Chemical
reduction-Neutralisation-Coagulation and flocculation-
Filtration (e.g. gravel filter, sand filter)

1.50

4.39

10.00

10.00

[FR_018]_w {1}

Chemical reduction-Coagulation and flocculation-
Elimination and/or separation of the individual
pollutants at the point of generation-Filtration (e.g.
gravel filter, sand filter)-Ion exchange resins-
Neutralisation-Precipitation

3.50

6.25

11.00

10.00

[FR 015] w {1}

Chemical oxidation (e.g. Electrolytic/anodic, radiation
assisted)-Coagulation and flocculation-Other-
Precipitation-Filtration (e.g. gravel filter, sand filter)

0.15

1.07

22.67

10.00

[ES 014] w {1}

Coagulation and flocculation-Membrane
micro/ultra/nano filtration-Physical separation (e.g.
screens, sieves, grit separators, grease separators, oil-
water separation)-Other

0.50

9.84

24.00

25.00

[BE 003] w {1}

Evaporation (e.g. vacuum evaporation)-Filtration (e.g.
gravel filter, sand filter)-Ion exchange liquid- liquid-
Neutralisation-Reverse osmosis-Use of buffer tanks to
reduce waste water and emission load peaks

5.33

11.98

34.00

2.75

[FR_035] w {1}

Chemical reduction-Evaporation (e.g. vacuum
evaporation)-Coagulation and flocculation-lon
exchange resins-Neutralisation-lon exchange resins

0.10

16.38

90.00

10.00
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3.2.2 Water consumption and waste water discharge

The reported data for specific water consumption are presented in Figure 3-26. Emission data and contextual information are also presented in Table 3-25.

Specific water consumption at plant level (expressed in m3/m2)
Unit: m3/m2
# Max @ Avg @ Min
16,00
.
°
4.00
.
%
.00
-
10.00
8.00
.
6.00
*
4.00 .
2.00
*
*
*

0.00 S S W (TS (S T
.S‘@\AQS\\.K‘QN ,\'00'\,\ g < & :'y I\@"\ o O«f‘\ “Q@ o \}({\\_ \.,ﬂfv\r “C}r \)\}\ J’Q\ \}\'\ “-j-}
OSSN & FEE R EE R

Source: [168, TWG 2023]

Figure 3-26: Specific water consumption expressed in m*per m? of surface treated in electrolytic or chemical plating plants

Table 3-25:  Reported data (expressed in\m’ per m* of surface treated) and contextual information for specific water consumption in electrolytic or
chemical plating plants

Plant Monito Year of
Max.| Avg. | Min. Associated process ring Technique impleme- Add_info
name .
method ntation
. . all
[AT 004]|0.18 {0.17]0.15 Other-Rinsing- - Use of closed cooling systems-Other coolheating | T
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baths-use of
cascades-
Deoreasino-Pickline- | Measur Recirculating rinsing water from etching and surface
[AT _0057|0.03 {0.03 | 0.02 & et IeKING treatment to surface treatment baths-Reuse of water by - Galvanik: 1980; KTL: 2012
Lacquering-Rinsing- ed . . .
using multiple rinsing steps
Estimat Reuse of water by using multiple rinsing steps-
[AT 010]|0.26 | 0.26 | 0.26 - Recirculating rinsing water from etching and surface -
ed
treatment to surface treatment baths
[AT 015]|0.04 |0.04|0.03 Rinsing- Me;a;isur Reuse of water by using multiple rinsing steps -
R . Recirculating rinsing water from etching and surface
[AT_020]| 0.09 | 0.09 | 0.08 Plckhng—D.egreasmg- Measur treatment to surface treatment baths-Use of closed cooling 2010-2010- --Zn plating---
- Plating- ed 1974-
systems
. Measur|  Recirculating rinsing water from etching and surface
[AT_021]) 0.0170.0110.01 Degreasing- ed treatment to surface treatment baths 2020-
Recirculating rinsing water from etching and surface
treatment to surface treatment baths-Reuse of purified
[BE 003]] 0.46 | 0.19 | 0.01 Etchmg-Rmsmg— Measur| water from evaporation (e.g. from waste wa.ter)-Use.of N
- Degreasing ed closed cooling systems-Reuse of water by using multiple
rinsing steps-Recovery and/or re-use of water (e.g. from
cooling, rinsing or after waste water treatment)
Estimat Recirculating rinsing water from etching and surface Yfzzli)il;l?flse;mzrn;f;éofr::mwllﬁtiﬂo_te:
[BE 015]]0.11]0.08 | 0.06 | Rinsing-Plating-Plating- treatment to surface treatment baths-Reuse of water by 2012 & par p &
ed using multiple rinsing steps-Use of closed cooling systems Cascade rinsing baths-Year of
& P & step £y implementation < 2012.---
. Measur . . - cascade system on the e-coating baths-
[BE 017](0.02]0.02|0.02 Lacquering od Reuse of water by using multiple rinsing steps-Other 2000- UF-filter with closed re-usingsystem
Recuperation via small ion exchanger
N, Yo (Bath 22) on diphose installation-Bath
[BE 018]{0.010.01]0.01 Rinsing-Degreasing- od N Reuse of water by using multiple rinsing steps-Other - 8/10, Bath 16/18 on diphose installation-
RO installation Demulsifing degreaser on
bath 2, 4, 6 on diphose installation--
Fresh water is only added to first 2 rinse
baths when max limit conductivity is
[BE 020]|0.01 | 0.01 | 0.01 R Mg\ Measur Other- 1997- reached.-The' las.t 2 rinsing baths are in
ed closed loop with ion exchanger, no fresh
water needed except for regeneration ion
exchanger.----
[BE 031]]0.04 | 0.04 | 0.03 | Degreasing-Phosphating- Estimat |Recovery and/or re-use of water (e.g. from cooling, rinsing 2003 |
ed or after waste water treatment)
254 February 2025 DDG/GCH/ES/EU-BRITE/STM_Draft 1
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[BG_004]| 0.06 | 0.05 | 0.04 Plating- Measur | Reuse of purified water from evaporation (e.g. from waste 2006- |
ed water)
Purified waste water atfer WWT Plants
Recovery and/or re-use of water (e.g. from cooling, rinsing passes through the ion exchange columns
Caleulal  ©F after waste water treatment)-Use of closed cooling and returns to the vats---Plate area
[BG_006]]0.96 | 0.86]0.75 Other-Rinsing- ted systems-Reuse of water by using multiple rinsing steps= - Asmega | - rinsing water after chrome
Recirculating rinsing water from etching and surface vats has ion exchange columns for water
treatment to surface treatment baths purification and return of circulating
water (100% recycled)--
Recovery and/or re-use of water (e.g. from coolingyrinsing
[CZ 001]]0.64 | 0.26 | 0.06 Other-Pickling- Measur | or after waste water treatment)-Recirculating rinsing water | 2003-2007- Water for water cooling systems is
- ' ' ' Degreasing- ed from etching and surface treatment to surface treatment 2009- recycled-----
baths
[z 0021]0.18 | 0.18 | 0.17 Other- Measur | Recovery and/or re-use of water«(e:g. from cooling, rinsing 2020- hand cleaning of floors and technologies-
- ed or after waste water treatment) -—--
only for rinsing after degreasing or
pickling-our lines are developed with
mupltiple steps of rinsing (doublle or
Calcula Reuse of purified water ffom evaporation (e.g. from waste 2019-2000- tripple rinse)-cooling system means
[CZ 007]]13.66{12.51|11.00| Rinsing-Anodising-Other- ted water)-Reuse.of water by using multiple rinsing steps-Use 2016-2022- circuit for cooling active bath (e.g.
of closed cooling systems-Other Alkaline Zn or alkaline ZnNi)-working
with informations wich were gained by
official water audit (by rules of ministry
of industry and market, TITOMPQO941)--
[CZ_010]|0.03 | 0.03 | 0.03 - Meezs“r - -
[CZ_012]{0.11{0.11|0.11 - M‘Zf“r No technique applied -
[ES_003] | 0.30 | 0.16 | 0.01 - M‘:Zsur No technique applied -
. Calcula . . .
[ES 004]]6.39|5.36|3.92 Cleaning- ted Reuse of water by using multiple rinsing steps - -
pétimat We use'digitized flow meters in both Dl
[ES_009]|15.17({14.41{13.60 Other= ed Other 2022- and mains water. We control the flow in
each plating line
[ES _010]]0.21 {0.19|0.18 Plating= - Use of closed cooling systems 2015- (e
Estimat Recovery and/or re-use of water (e.g. from cooling, rinsing
[ES 013]]0.010.010.01 Rinsing-Rinsing- ed or after waste water treatment)-Reuse of water by using | 1999-1999- | -
multiple rinsing steps
[ES_014]]0.01 {0.01]0.01 Plating- - Use of closed cooling systems 2008- | e
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Calcula Reuse of water by using multiple rinsing steps-Recovery
[ES 030]]0.19{0.18 | 0.17 Plating-Cleaning- ted and/or re-use of water (e.g. from cooling, rinsing or after - e
waste water treatment)
Recovery and/or re-use of water (e.g. from cooling, rinsing
[FI_002] | 0.08 | 0.07 | 0.06 ‘Rinsing-Etching- Measur| or aft'er wa:ste. water treatm'ent)-R'euseiof 'water by using I
ed multiple rinsing steps-Recirculating rinsing water from
etching and surface treatment to surface treatment baths
Tous les ringages : dégraissage,
Reuse of water by using multiple rinsing steps- décapage, revétement, passivation-Sur
. Calcula| Recirculating rinsing water from etching and surface deuxiéme ringages chromique (chromage
[FI_003] 1 0.39/10.3710.35 Rinsing-Other- ted | treatment to su;gface tregatment baths-Use 0% closed cooling S1993 1981 et passivatiorgl)-Refroidi(slsement des :
systems circuits secondaires sur Tours aéro-
réfrigérantes---
Use overflow of degreasing rinse bath
(stage 5) to maintain the level of hot
degreasing baths (stages 1-4) - See
attached document :
Recovery and/or re-use of water (e.g. from cooling, rinsing FR_Renault Batilly Schemas process
. . Measur | or after waste water treatment)-Reuse of water by using TTS F1-2 degreasing counterflow rinse
[FR_006]} 0.01 | 0.011 0.01 | Degreasing-Phosphating- |4 multiple rinsing steps-Reuse of water by using multiple 1994- (stages 5/6) - See attached document :
rinsing steps FR_Renault Batilly Schemas process
TTS F1-3 phosphating counterflow rinse
(stages 9/10/11) - See attached document
: FR_Renault Batilly Schemas process
TTS Fl---
[FR_007](0.01]0.01]0.01 Degreamlc%t—lll’;osphatmg— Meea:isur Reuse of water by using multiple rinsing steps 1992- --passivation---
. . . all lines--spray rinsing-control of
Plating-Cleaning- Other- | Measur Reus.e of water l?y using multiple rnsing steps- Other- 1992-2021- | solenoid ﬂowpvaf/ves linegs 4 & 5-use of
[FR_011]{0.04]0.03]0.03 . Recirculating rinsing water from etching and surface . . )
Plating ed 2023 flowmeters lines 2, 5 & 6-line 8 : zero
treatment to surface treatment baths .
discharge workshop
[FR_012]]0.10 | 0.09 | 0.08 Rinsing- Measur [No techm’que'appli'edTRecovery and/or re-use of water (e.g. I
ed from cooling, rinsing or after waste water treatment)
[FR_014] | 0.02 | 0.01 | 0.01 - Mzzsur Other e —
Using the output water from the cooling
Measur Reuse of water by using multiple rinsing steps-Recovery 2000-1990- system to re-new water in the next
[FR_015](0.04{0.03]0.03 Plating- and/or re-use of water (e.g. from cooling, rinsing or after rinsing vats instead of the normal adding
ed 2020-2016- :
waste water treatment)-Other of water-Depending on the treatment
vats, replacing "simple" rinsing by
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double or tripple cascades rinsing vats-
Using treated water from WWTP for pre-
treatment rinsing + water cooling
systéme --> Dropout in 2022 because of
salinity (clogging of pipes + inlet
temperature to high for the cooling
system)-Automation of lines (
electrovalves + conductivity sensor to re-
new rinsing bath)--
Estimat Reuse of water by using multiple rinsing steps-
[FR _017](0.00 | 0.00 | 0.00 Rinsing-Degreasing- od Recirculating rinsing water from etching and surface 2010- | e
treatment to surface treatment baths
Reuse of water by using multiple rinsing steps- . .
[FR_018]10.21{0.20(0.18 Rinsing-Plating- Measur Recirculating rinsin)g/ wategr fromitching aid sfl)rface before 2006- Wa?erfall r1nses—Reus§ of dead nickel
ed rinse to level the nickel bath----
treatment to surface treatment baths
Measur Reuse of water by using multiple rinsing steps-Recovery Cascade-DGS and FT1 : A part of water
[FR 024](0.38|0.20|0.16 Rinsing-Degreasing- od and/or re-use of water (e.g. from cooling, rinsing or after - from rinsing is reused to complete
waste water treatment) degreasing vats----
[FR_033](0.04|0.02]0.00 Plating- Me;a;isur Use 'of closed ¢ooling systems 2004- Cooling Tower-----
Reused of rinsing water after physico
[FR_034]]0.02 | 0.02 | 0.02 Plating-Rinsing- Measur Other-Recgwqry and/or re-use of water (e.g. from cooling, 2021-<2020- chemicgl treatment to cool yats.-Regsed
ed rinsing or after waste water treatment) of rinsing water after physico chemical
treatment for main rinsing vats.----
2 cascade rinsingh baths-new rinsing
bath in 2022 = 1 dead rinsing + 3 cascade
. R rinsing baths (2 cascade rinsing baths
[FR_035](0.00 | 0.00 | 0.00 Degreaslpg-Plckllng- o Reuse of water by using multiple rinsing steps-Other 2016-2022- beforf 2022)-2 cascade rinsingg baths
- Anodising-Other- ed 2009-2011- |. - N
instead of one rinsing bath-Neutralisation
after pickling : new neutralisation
product without rinsing step--
Recirculating rinsing water from etching and surface --Degreasing, cleaning etching. This
treatment to surface treatment baths-Recovery and/or re- technique will be deployed to all the
Etching-Degreasing- | Estimat [use of water (e.g. from cooling, rinsing or after waste water plating workshop in the first trimester
[FR_036]1 0.03 1 0.0310.03 Plating-Other= ed treatment)-Reuse of purified water from evaporation (e.g. 2008-1995- 2025.-Plating with cadmium there is a
from waste water)-Reuse of water by using multiple process of rinsing with multiple rinsing
rinsing steps and purified water from evaporation--
Recirculating rinsing water from etching and surface
[IT_001]|0.27|0.26 | 0.26 Plating- Meeazisur treatment to surface treatment baths-Reuse of water by befoll;eg25000— —————
using multiple rinsing steps
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[T 002] | 0.25|0.23 | 0.22 Plating- Measur|  Recirculating rinsing water from etching and surface 2007- closed cycle purlﬁgatlon system that
- ed treatment to surface treatment baths reuses the washing water.-----
Recovery and/or re-use of water (e.g. from cooling, rinsing Recover the water used in the cooling
o . Measur | or after waste water treatment)-Recirculating rinsing water process to the rinsing circuit-Recover the
[IT_004] 1 0.02 1 0.024 0.02 Rinsing-Plating- ed from etching and surface treatment to surface treatment g002-2004- first rinsing step water in to the plating
baths process, where it is permitted----
. . First evaporating system was
[IT_006] {0.12]0.11 | 0.11 Rinsing- Measur | Reuse of purified water from evaporation (e.g. from waste 2010- implemented in 2010 and the second one
ed water) .
in 2018-----
[IT_008] | 0.43 | 0.43 | 0.43 - Mzzsur No technique applied -
. Measur . . .
[IT _011]0.07 | 0.06 | 0.06 Rinsing- od Reuse of water by using multiple rinsing steps 2005- | e
Recirculating rinsing water from etching and surface
treatment to surface treatment baths-Reuse of purified
[IT 012] | 1.58 | 1.23 | 0.94 Platlng.-De.greasmg— Measur | water from.evaporaFlon (.e.g.. from waste water)-Reuse of 2011-2011- --Used also for pickling ?nd plating-Used
- Pickling- ed water by using multiple rinsing steps-Recovery and/or re- also for plating--
use of water (e.g. from cooling, rinsing or after waste water
treatment)
[T 0257 | 0.10 | 0.09 | 0.09 Plating-Cleaning- Measur | Recovery and/or re-use of water (e.g. from cooling, rinsing 199 |
ed or after waste water treatment)
[IT _030] | 0.06 | 0.04 | 0.02 Rinsing-Plating- Me;azisur Reuse of water by using multiple rinsing steps-Other 2011- Extractor solution condensate recovery
All the process water used for washing
the products being processed is treated by
Recirculating rinsing water from etching and surface ion exchange systems and/or activated
[IT 0317 | 0.94|0.88 | 0.81 Cleaning-Plating- Estimat| treatment to surface treatment bgths-Recovery and/or re- 2004- carbon and completely recirculated.-The
- ed |use of water (e.g. from cooling, rinsing or after waste water recovery solutions placed downstream of
treatment) the nickel and silver plating are reused to
restore the levels in the respective
process solutions.----
[SE 002]]0.03|0.03{0.03 Anodising- Measur| - Reuse of water by using multiple rinsing steps-Use of 1990-1965- Reuse of concentrate from osmosis.
- ed closed cooling systems-Other
[SE_003] | 0.03 | 0.03 | 0.03 AodisTIN Measur| Reuse of water by using m'ultlple rinsing steps-Use of 006 |
ed closed cooling systems
Measur Recovery and/or re-use of water (e.g. from cooling, rinsing 1995-1982-
[SE_004]]0.09 | 0.07 | 0.05 Plating-Rinsing- od or after waste water treatment)-Use of closed cooling 1995- Implementation year estimated---
systems-Reuse of water by using multiple rinsing steps
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3.2.3 Energy efficiency

The reported data for specific energy consumption are presented in Figure 3-27. Emission data and contextual information are also presented in Table 3-26.

Specific energy consumption at plant level per year (expressed in kWh/m2)
3k

2.5k

5

[Es_oog] [FR_033] IT_o12] [ES_004] [F1_003] Im_o11] [FR_024] [SE_004] 0T_031] [BE_015] [IT_o25] [ES_003] [AT_010] [FR_035] [cz_o12]
Plant_Code

2
8

Source: [168, TWG 2023]

W Year1
W Year2
W Year3

Figure 3-27: Specific energy consumption expressed im KWhuper m? of surface treated in electrolytic or chemical plating plants
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Table 3-26:

Reported data and contextual information for specific energy consumption expressed in KWh per m? of surface treated emissions to water
in electrolytic or chemical plating plants

Total
How the Proportion | How the volume
Net Energy Net Net Heat energy of energy | recovered of
Plant code 7. | Electricity 2 consum- . |workspa Additional information
(kWh/m?) 5 (KWh/m*) . recovered | energy is
(kWh/m?) ption is (%) monitored ce
monitored heated
(m’)
[AT _003] - - - Measured - - - -
[AT _004] 22.37 10.87 11.50 - - - - -
[AT _005] - 2.74 - Measured - - - Line 1: 3,40kWh/m?, Line 2: 2,29kWh/m?
Total energy consumption is measured. Not possible to calculate specific net
[AT _006] - - - Measured - - - energy consumption due to different reference units (pipes in m, small parts
in t or containers, etc.)
not possible to calculate specific values due to different reference units

[AT 007] - . - - - f 4630.3 (depending on plated product)

Energy consumption for entire installation (also including casting plant).
[AT _008] - - - Calculated - - 21 Total energy consumption of entire plant devided by t surface treated

material.
[AT_009] - - - - - - 145 -
[AT_010] 50.7 - - Measured - - - -
[AT 011] - - - Measured - - - -
Due to the big variety of electroplated products (regarding size, shape,
[AT 012] - - - - - - - quality requirements, etc.) representative specific consumption parameters
cannot be derived.
[AT _015] - - - - - - - -
there is only the record of the total electricity consumption of the
[AT 016] ) 4 i i i 208 establishmentconsumption values are calculated per jig, loading of jigs
- ) ' differs significantly, no representative spezific values per m? or per t
possible (reslut of environmental audit)

[AT_020] - - - Calculated - - 24500 Alle Verbrauche aus Netzbezug ohne Eigenproduktion
[AT 021] - 1.10 - Measured - - - -

value is in PJ (not per ton), is the total energy consumption for the entire
[BE_001] ) ) ) Measured ) ) ) plant (also non-STM activities)
[BE_003] 0.060 - - - - - 0.1 total consumption 5187 MWh
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Total
How the Proportion| How the volume
Net Energy Net Net Heat energy of energy | recovered of
Plant code 3 | Electricity 5 consum- . |workspa Additional information
(kWh/m?) 5 (kWh/m*) . recovered | energy is
(kWh/m?) ption is (%) monitored ce
monitored ? heated
(m’)
eleec. 669990 KWh; gas 756620 KWH
[BE_010] ) ) } Other } } 22000 (E-consumption per year) (only total E-consumption available)
[BE 015] 60.8 33.00 27.80 Calculated - N.Ot 7400 -
_ monitored
[BE 017] - - - - - - 1045.64 electricity (plant-site)
[BE 018] 140 055 085 Caleulated | 36.767 Calculated Datagap from 18/11/2022-31/12/2022, the consumption during this gap was
- ) ) ' ) j estimated
gas and electricity combined, total m? going through our paint shop is
[BE_020] 5.49 2.47 3.01 Measured 13 Measured 168 estimated at 290000 m?/year,
[BE 031] 3.89 4.58 0.00 Measured 0 Calculated | 1250 0,0004% it was in Nov/Dec
[BE_040] ) ) i i i f 11640 we only have data for the complete plant, not for the STM related
- installations only
[BG_004] - - - - - - 135.06 We have separately electricity metering for a workshop Line 1
[BG 006] - 33.00 72.00 Calculated - - - -
[BG_013] - - - Measured - - - -
[CZ 001] 4.8596 0.65 1.42 Measured - N.Ot - -
- monitored
[CZ 002] 37.60 18.56 19.05 - - - - -
[CZ 003] - - - Measured - - 2917 -
[CZ 006] - 8.93 - Measured - - 14.04 -
[CZ 007] - - - Measured - - - -
[CZ 010] 18.01 5.27 - Measured - - - -
(CZ 011] ) 904.55 i Meadured i Not 1570.1 We have only consumption MWh, main unit for work is landing gear per
- ) monitored ) year, we cannot more details about consumption.
[CZ 012] 40.395 - - Measured 8 Calculated | 54500 -
[CZ 014] - - 3 Measured ; Not 16 -
monitored
[DE_005] ) ) i Measured i i i The specific consumptions cannot be determined because the total surface
- treated cannot be determined.
[DE 018] - - - - - - - 3363160 kWh/a
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Total
How the Proportion| How the volu_me
Net Energy Net Net Heat energy of energy | recovered of
Plant code 3 | Electricity 5 consum- . |workspa Additional information
(kWh/m?) 5 (kWh/m*) . recovered | energy is
(kWh/m?) ption is (%) monitored ce
monitored heated
(m’)

[DE 019] - - - - - - - -

[DE 023] - - - - - - - -

[DE_024] - - - - - - - -

[DE 025] - - - - - - - -

[DE 033] - - - - - - - -

[DE 036] - - - Measured - - - Only absolute figures available

[DE 037] - - - Measured - - - Only absolute figures available

[DE 038] - - - - - - - -

[DE 041] - - - - - 4 . i

[DE 045] - - - - - - - -

[DE_048] - - - - - - - -

[DE 054] - - - Measured - - 23000 -

[DE_059] - - - - - - - -

[DE _060] - - - - - - - -

[DE_062] - - - - - - - -

[DE 077] - - - Measured - - - -

[DE _079] - - - - - - - -

[DK _001] - - - Measured - - 27900 Electricity consumption is for all plant in general
[ES 002] - - - Calculated - - It is taken 2022 production as a refernce. 11981 Tn
[ES_003] 48.13 32.11 - Measured - 35000 -

[ES 004] 180.41 43.69 136.72 Calculated - N.Ot - -

- monitored
[ES_009] 2440.39 2,440.40 - Estimated - - - -
2152763 kWh/t natural gas consumption and 11,20 specific net gas
[ES _010] - 17.00 - Measured - - 423.88 |consumption kWh/m2. 5121364 kWh total net energy consumption and 28,2
kWh/m2 total net energy consumption.
[ES 013] 12.806 6.26 6.55 Measured - - - -
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Total
How the Proportion| How the volume
Net Energy Net Net Heat energy of energy | recovered of
Plant code 3 | Electricity 5 consum- . |workspa Additional information
(kWh/m?) 5 (kWh/m*) . recovered | energy is
(kWh/m?) ption is (%) monitored ce
monitored heated
(m’)
[ES _023] - - - Estimated 0 morlji?(:re d - Estimated3,5% of total energy consumation in the plant
[ES 024] ) ) i i i i i Diesel consumption is-nhot counted as it is not associated with the process
— itself but with the movement of the forklift
Natural gas consumption: 1515137 kWh/year. Specific net gas consumption
[ES 030] - 20.45 - Measured - - 297.24 10,10 kWh/m2. 4583682 kWh total net energy consumption and 30,55
kWh/m?2 total net energy consumption.
The heat from the compressors is reused for domestic hot water.The energy
[ES 031] - - - - 1 Calculated | 931929 | consumption is associated to the total production activities, not only for the
surface treatment activities.
[FT_002] - 38.88 - Calculated - - 16000 Calculated from total energy consumption (including lights, laboratory)
The figure is estimated by dividing the total plant electricity consumption by
[F1_003] 199.92 151.20 i ) i $ ) the estimated total area of chromated objects.
Energy consumption is only measured for the whole site (incl. offices etc.).
[FT_005] - - - Measured 5 Estimated | 56000 | It is not possible to estimate specific net energy consumption due to variety
(shape, size, thickness) of coated items.
Not See attached document : FR_Renault Batilly Energie site & TTS 2020-
[FR_006] 9.81 3.12 - Measured 0 manitored - 32 Version 2 FR
[FR_007] 0.21 0.16 0.05 Measured 0 NOt - -
monitored
[FR_009] 19.6 - - - - - - -
[FR 011] 364 ) i Meastfed 0 Measured | 37566 overall consumption for all site activities, details available on request for
- ) lines 1,2,3,4
[FR 012] - - - - - - - -
[FR_014] 15 1.50 0.03,  |MEstimated 0 Not - -
monitored
[FR 015] 157 1.06 051 Measured i Not 16300 Heating buildings thanks to hot water from the methanisation plant next to
- ] ] , monitored ours. Not monitored yet
[FR_016] ) 2.00 i Calculated i i 9374 No data yet for the gas consumption. We are not able to separate our specific
- ) net heat consumption.
[FR_017] 0.678 0.09 0.59 Calculated 0 - 11760 Hot water and not steam in KWh PCS
ratio by ton or m? is not representative. Consumption electricity global plant
[FR_O18] 29985 15.00 14.33 Measured ) ) ) : 14385896 KWh. Consumption wood heating district pipe global plant :
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Total
How the Proportion| How the volume
Net Energy Net Net Heat energy of energy | recovered of
Plant code 3 | Electricity 5 consum- . |workspa Additional information
(kWh/m?) 5 (kWh/m*) . recovered | energy is
(kWh/m?) ption is (%) monitored ce
monitored ¢ heated
(m’)
5446000 KWh
[FR_020] - - - NOt 0 NOt - see global information in additional information in line 96
monitored monitored
[FR _024] 137.37 - - Measured 0 - 6000 -
[FR_033] 1312.06 398.44 913.63 Estimated 0 - 22420 Surf. : 21990m? Conso gaz : 17912MWh Conso Elec : 8829MWh
[FR _034] 3.68 3.69 - Measured 0 - 1650 -
[FR_035] 55.48 40.04 15.44 Calculated 0 N.Ot 17028.2 -
_ monitored
[FR_036] 23.8 - - Measured - - -
[IT_001] 354 31.23 4.07 Measured - - 6903 -
[IT 002] 23.33 9.67 13.67 Measured - - 45000 -
[IT_004] 19.673 11.61 8.06 Calculated - - 8000 -
Total electricity consumption for industrial use in 2021: 419125 kWh kWh;
Total thermal energy consumption in 2021: 540016 kWh, thermal energy
[IT_006] 23.004 10.02 12.98 Measured 0 - 5850 |consumption is derived by estimation, converting methane consumption into
energy equivalents. We process mainly sheet metal, which has a high surface
area in relation to weight.
[IT_008] 21.20 6.49 14.72 Estimated 0 NOt 10000 -
monitored
As a subcontractor company it is not possible to determine the
[IT_009] - - - Measured ) ) ) measurements and weight of the items treated
[IT 011] 191.43 10.89 180.54 Measured - - - Measured for electricity, calculated for heat
We perform special Hard-chrome plating processes, and in most cases the
[IT _012] 538.10 - - Measured 0 Calculated - permanence in galvanic baths is very long (even up to 70 hours in some
cases).
[IT _013] - - - Estimated 0 - 35100 | Total energy consumption of galvanics processes is 1094602.00 kWh/year
Annual consumption: 52655 kWh (electric); 1318109.09 kWh (thermal from
[IT_020] - - - Other - - - methane). Conversion factor applied to MC of Methane equal to 10.55.
Electricity consumption reported for Production lines only.
[IT_025] 56.703 50.43 6.27 Measured 0 Calculated | 51725 -
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Total
How the Proportion| How the volume
Net Energy Net Net Heat energy of energy | recovered of
Plant code 3 | Electricity 5 consum- . |workspa Additional information
(kWh/m?) 5 (kWh/m*) . recovered | energy is
(kWh/m?) ption is (%) monitored ce
monitored ¢ heated
(m’)
These specific consumptions are obtained by dividing the total consumption
[IT_029] ) ) i Measured 0 Other 11500 by the total material processgd in the company. Therefohre these datg do not
- concerned-only the galvanic processes because there is not a dedicated
meter. In'addition, the treated pieces have a high surface-to-weight ratio.
Thespecificamount is estimated on the basis of a single factor (average m2
[IT_030] 26.16 3.63 22.56 Estimated - - 24.4 per jig) the'mesuring unit requested isn't rapresentative due to the great
vaiability of the prcessed article
the consumption data used to estimate the specific consumption are those of
the entire factory, but have been referred to the galvanic process only. The
[IT_031] 78.267 21.73 58.01 Estimated - - 88.5. | specific amount is estimated on the basis of a single factor (average m2 per
jig) the mesuring unit requested isn't rapresentative due to the great
vaiability of the prcessed article
The total energy consumption is 1213798 kWh/year incuded 318104
kwh/year of eletric energy, it's impossible to use the defined unit of measure
[IT_032] ) ) i Measured i \ 8.6 because the hig variabiliy of the item processed, but the specific
consumption is calculated for eletric energy in Kwh/rack treated and is 132
[IT _033] - - - - - - - -
[NL_001] - - - Measured 0 - 12.5 -
[NL _002] - - - - - - - -
[PT_002] - - - Measured - - 34.6 LPG is consumed in Ton
[SE 002] 9.3 - - - - - - Electricity and district heating
[SE_003] - - - - - - - Electricity and district heating.
[SE 004] 123 106.67 1633 Measured - morlji?(:re d 54000 Main heating is done by heat recovery from process, % unknown
[SE _005] - - - - - - - No statistic regarding tonnes or m2 in surface treatment
[SE_006] ) ) \ Measured 0 i 24174 Total energy consumption 1559 MWh, and 2020 was 385 ton of steel
- surface treated.
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3.24 Emissions to air

3.2.41 NH3

The reported data for NH; emissions to air are presented in Figure 3-28. Emission data and contextual information are also presented in Table 3-27

Emissions to air
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Figure 3-28: NH; emissions to air in electrolytic or chemical plating plants
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Table 3-27:
electrolytic or chemical plating plants

Reported data and contextual information for NH; emissions to air in

EP Associated processes tetll:ll:il(lleudes Max. | Avg. (Min.| ELV | Load
[BE_040] a {7} Etching and descaling of aluminium- | No techm’que 027 | 027 |0.27 ) )
- - Other- applied
[BE_040] a {12} Anodising- No;ggﬂzg‘ue 0.30 | 030 |0.30| - -
Pickling (not electrically), descaling and - 29.00| - - 130.00 | 0.01
f 1 >
[DE_023] a {11} desmutting-Plating- - 26.00| - - [30.00 ] 0.01
[DE 023] a {12} Plating - 0.10 - - | 30.00 | 0.00
Scrubber-
[DE 045] a {3} Other- absorption | 2.70 | 2.70 | 2.70 - -
(acid/alkaline)
Scrubber- 1.5471,1.04.]| 0.69 [ 10.00 -
[ES 003] a {1} Plating absorption | 1.21 | 1.13 | 1.09 | 10.00 -
(acid/alkaline) | '0712, | 0.07/0.01| 10.00 | -
Scrubber- 11187 | 0.69 | 0.92 | 10.00 -
[ES 003] a {2} Plating absorption
(acid/alkaling) 0.7%+ 0.24 1 0.01 | 10.00 -
012 | 0.12 [0.12] 030 |y oo o
. . Scrubber- :
2 - a 5 e-Hher absorption . . . . -
ES 009 1 Alkaline degreasing-Other b 0.09 | 009 |0.09! 0.30
Electrocoating (e-coating)- Y . 3,45E-3
(acid/alkaline) <2.96E
0.07 | 0.07 | 0.07| 0.30 ’3 i
0.17 | 0.17 | 0.17| 0.30 | 0.01
Alkaline degfo RS O Serubber-—1 6 111 11 {0.11] 030 |TH32E
[ES _009] a {2} ; . absorption 3
- - Electrocoating (e-coating)- . .
(acid/alkaline) 0.09 | 0.09 l0.09! 030 <
’ ' ' ' 9,64E-6
<
. 0.30 | 0.30 | 0.30| 0.30 0.64E-6
crubber-
[ES 009] a {3} Alkaline degreasing-Other- absorption | 0.08 | 0.08 [ 0.08 | 0.30 <2’23E_
(acid/alkaline) <234E
0.06 | 0.06 |0.06| 0.30 ’3 i
. . - - 0.07 | - - -
[FR _007] a {1} Alkaline degreasing 0.02
a aline degreasing - - . - - -
[FRy,007], a2} Alkaline degreasing 0.03
- - 0.05 | - - -
[FR_007] a.{3} Plating 0.02 0.00
ing-Pickli i - - 044 | - |30.00]| 0.01
[FR_009] a {5} Plating Pl(.:khng (not elect.rlcally),

- = descaling and desmutting- - - 028 | - |30.00 | 0.01
[FR _009] a {6} Plating- - - 0.00 | - |30.00| 0.00
[FR 011] a {1} Alkaline degreasing-Other No technique | 15 | 110 | 3000 | -

applied
No technique
[FR 011] a {2} Other applied - 0.13 | - | 30.00 -
Alkaline degreasing-Electrolytically .
[FR 011] a {3} assisted pickling, activation and No techmque 0.10 | 0.10 [0.10 - -
degreasing- applied
[FR 011] a {4} - - 0.14 | - | 30.00 -
[FR 014] a {2} Other Other 0.20 | 0.20 | 0.20 | 10.00 -
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[FR_014] a {4} R Absorption | 6.50 | 6.50 [6.50] - -
[FR_014] a {5} - Absorption | 6.50 | 6.50 [6.50] - -
[FR_014] a {6} - 0.60 | 0.60 |0.60| - -
[FR_014] a {7} - Absorption | 6.50 | 6.50 | 6.50| 10.00 | -
[FR 014] a {10} - Absorption | 1.00 | 1.00 [ 1.00 | 10.00 | -
Electrolytically assisted pickling, No technique
[FR_O15]_a {1} activation and degreasing-Plating- applied © 02T 3000 )
- - 0.14 - 30.00 -
Electrolytically assisted pickling -
A >
[FR_015] a 12} activation and degreasing-Plating- No techmque - 0.14 | - | 30.00 -
applied
Electrolytically assisted pickling No technique
LY ? - - -
[FR_015]_a {5} activation and degreasing-Plating- applied 0-19 30.00
[FR 015] a {6} Electrolytically assisted pickling, No technique | 2.10 | 2.00 | 1.80 | 30.00 -
- - activation and degreasing- Plating-Other- applied - 0.65 - | 30.00 -
Electrolytically assisted pickli No techni ~ 0001 - 15000 -
[FR_015] a {7} . gctro ytica yasslste plf: ng, o tec .mque i 029 i 30.00 i
- - activation and degreasing-Plating- Other- applied
- 0.01 - 30.00 -
T ~ [120] - [3000] -
[FR_015] a {8} cctrolytically assisted pickling, Other = o290 - [3000] -
- - activation and degreasing-Other-
- 0.27 - 30.00 -
Anodising-Electrolytically assisted . - 0.60 | - | 30.00 -
- S . No technique
[FR_015] a {9} pickling, activation and degreasing- apolicd 027 30.00
Plating- PP ) ‘ ) ‘ )
[FR 015] a {10} Electrolytically assisted pickling, No technique | 6.70 | 5.80 | 5.90 | 30.00 -
- =t activation and degreasing-Plating- applied - 165.00| - | 30.00 -
- |e10] - - -
[FR_015] a {11} | Use of fuel-fired burners (combustion) | Fabric filter - 5.60 | - - -
- 3.10 - - -
No technique
[FR_016] a {1} Other . 0.06 | 0.06 |0.06 | 30.00 | 0.00
applied
[FR_016] a {2} Metal stripping No technique | oo | 08 0.08 | 30.00 | 0.00
applied
[FR_016]_a {3} Anodising No technique | 19 1 ) 09 |0.09 | 30.00 | 0.00
- - applied
[FR_016]_a {4} Other No technique | 51 090 |0.20 | 30.00 | 0.00
- - applied
[FR_016]_a {5} Etching or pickling of plastics NO;;;E‘;?“‘? 0.07 | 0.07 | 0.07| 30.00 | 0.00
[FR_016] a {8} Plating No technique | 35\ 30 10.30| 30.00 | 0.00
2 applied
[FR.016].a {9} Plating No technique | 5\ 50 10.20| 30.00 | 0.00
Q applied
[FR_016] a {10} Plating No technique | oo | 08 0.08 | 30.00 | 0.00
applied
[FR 016] a {11} Plating No technique | 5 161 10 10.10| 30.00 | 0.00
- = applied
[FR 016] a {12} Plating - 0.02 | 0.02 [0.02] 30.00 | 0.00
[FR_016] a {13} Plating - 1.40 | 1.40 | 1.40| 30.00 | 0.01
- 0.21 - 30.00 | 0.01
FR 01 1 Alkali o ing--Rinsing -
[FR 017] a {1} aline degreasing--Rinsing - 0.00 | - 130001 0.00
- - 0.17 - 30.00 | 0.00
[FR 017] a {2} Plating-Rinsing- - - 0.02 | - |30.00 | 0.00
- - 0.00 - 30.00 | 0.00
Scrubber- - o023 - [10.00] 0.00
[FR 018] a {1} Other- absorption - 0.10 | - 10.00 | 0.00
(acid/alkaline)| - | 0.01 | - | 10.00 [ 0.00
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Scrubber- 0.80 | - | 10.00 | 0.08
[FR 018] a {2} | Metal stripping-Conditioning of plastics | absorption 0.07 | - | 10.00 | 0.00
(acid/alkaline) 0.01 | - |10.00| 0.00
Metal stripping-Conditioning of plastics-| Scrubber- 750 | - |10.00 ] 0.19
[FR_018] a {3} | Etching or pickling of plastics--Other- absorption 5.59 - 10.00 | 0.12
Plating (acid/alkaline) 0.01 - 110.00| 0.00
Scrubber- 1.52 | - | 10.00 | 0.02
FR 018] a {4} Plating- absorption 0.40 - 10.00 | 0.00
[FR_018] a {4] g p
(acid/alkaline) 0.02 | - |10.00| 0.00
Scrubber- 0.14 | - | 10.00 | 0.00
[FR 018] a {5} Aqueous cleaning- Plating- Other- absorption 0.10 | - | 10.00 | 0.00
(acid/alkaline) 0.02 | - |10.00| 0.00
Scrubber- 0.50 4~ - | 10.00 | 0.00
[FR 018] a {6} Metal stripping absorption 0.13 [*»- | 10.00 | 0.00
(acid/alkaline) 0.01 | - 10.00 | 0.00
Scrubber- 0.13.] - }'10.00 | 0.00
[FR_018] a {9} Other absorption 010 | - 10.00 | 0.00
(acid/alkaline) 0.01F - | 10.00 | 0.00
L . . Scrubber- 050 | - | 10.00 | 0.02
[FR_018] a {11} Cl‘:ﬁiﬁloE‘fnglg’sigsasgf;%h‘gtgh‘g absofption 040 | - | 10.00 | 0.01
peemeonp ¢ (acid/alkaline) 0.01 | - |10.00 | 0.00
Scrubber- 025 | - | 10.00 | 0.00
[FR _018] a {12} Plating absorption 0.10 | - | 10.00 | 0.00
(acid/alkaline) 0.01 | - |10.00| 0.00
Scrubber- 1.50 | - | 10.00 | 0.02
[FR_018] a {13} Plating-Other- absorption 0.55 - 10.00 | 0.01
(acid/alkaline) 0.01 | - |10.00| 0.00
Scrubber- 0.80 | - | 10.00 | 0.03
[FR _018] a {14} Metalstripping-- absorption 0.29 - 10.00 | 0.00
(acid/alkaline) 0.01 | - |10.00| 0.00
Plating-Metal stripping=Electrolytically . 0.01 - 130.00 | 0.00
[FR_033] a {1} assisted pickling, activation and Noatec?ir;;que 0.01 30.00 | 0.00
degreasing- Rinsing-Other PP ‘ B ’ ‘
N i 2.70 | - ]30.00| 0.11
[FR_033] a {2} | Plating=Metal stripping- Rinsing- Oate"h‘;gl“e 140 | - [30.00| 0.06
P 0.78 | - |30.00 | 0.03
o No technique 0.06 | - | 30.00 | 0.00
S o= -
[FR 0337 a {3} Rinsing-Other applicd 0.03 130,00 | 0.00
. Mist filter 0.17 | - | 30.00| 0.00
!
[ER_033] a.{4} Plating (demister) 0.01 13000 0.00
. Mist filter 0.01 - | 30.00 | 0.00
S oy
[FR_033] a\{5} Plating (demister) ool 1 -~ 130001 000
Mist fil 047 | - |30.00| 0.00
[FR_033] a {6} Plating ist filter 0.04 | - 3000 0.00
(demister)
0.01 - | 30.00 | 0.00
N i 0.12 | - |30.00| 0.00
[FR_033] a {7} Plating © technique 001 | - |30.00] 0.00
- applied
0.01 - | 30.00 | 0.00
. Mist filter 0.01 - | 30.00 | 0.00
S oy
[FR_033] a {8} Plating (demister) ool 1 -~ 130001 000
loan Oiling-Alkali . 0.06 | - |30.00| 0.00
[FR 033] a {9} Aqueous ¢ eaning-- Oiling-Alkaline No tec nique 0,04 130001 0.00
- degreasing- Rinsing- applied
0.01 - | 30.00 | 0.00
[FR_033] a {10} | Pickling (not electrically), descaling and | No technique 0.03 | - | 30.00 | 0.00
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desmutting-Other-Rinsing- applied - 0.01 - 130.00 | 0.00
ipping- i ing- i - 038 | - |30.00| 0.00
[FR_033] a {11} Metal stripping All'<ahne degreasing No techmque
plating applied - 0.09 | - | 30.00 | 0.00
- ing ing i - 0.01 | - |[30.00 | 0.00
[FR 033] a {12} Other-Etching qu descaling of No techmque
- — aluminium- applied - 0.01 - 30.00 | 0.00
N i - 0.11 - 1 30.00 | 0.00
[FR_033] a {13} Metal stripping-Metal stripping- oatechrelg]ue - 0.02 | - |30.00 | 0.00
bp - 0.01 | - |30.00]| 0.00
Other-Pickling (not electrically), No technique | - | 0.01 | - |30.00 | 0.00
I
[FR_033]_a {14} descaling and desmutting applied - 1001 ] - ]30.00]| 0.00
-Rinsing-Etching and descaling of No technique | - 0.03 | - |30.00] 0.00
[FR_033] a {15} aluminium-Rinsing applied - 0.01 | - |[30.00 | 0.00
Pickli lectricallv). descali iln i - 0.04 | - | 30.00 | 0.00
[FR_033] a {16} ickling (not e ectrica y), descaling an o technique 0.01 13000 000
desmutting-Other- applied
- 0.01 | - {30.00]| 0.00
. . o i - 0.03| - [30.00 | 0.00
[FR 033] a {17} Alkaline degreasing- Rinsing- No;;;ﬁrelg]ue - 001 13000 | 000
Pickling (not electrically), descaling and | Mist filter > 0.19 ] - [30.00 | 0.00
[FR_033] a {18} desmutting-Other- (demister) - 0.01 | - |30.00 | 0.00
Rinsine-Other-Pickli N <« - 040 | - |30.00| 0.00
[FR_033] a {20} “Rinsing-Other-Pickling (not o technique G 04T - [30.00 | 0.00
electrically), descaling and desmutting applied
- 0.01 - 1 30.00 | 0.00
Plating- Metal stripping-Electrolytically 271|271 1271 30.00 | 0.08
assisted pickling, activation and 270 | 2.70 12.70 | 30.00 | 0.06
degreasing-Electrocoating (e-coating)- Scrubb'er-
[FR_035] a {1} : . . absorption
Alkaline degreasing- Chemical (acid/alkaline)
polishing-Other- Etching and descaling 2.66 | 2.66 |2.66 | 30.00 | 0.05
of aluminium-Etching
Plating-Other-Metal stripping- 424 | 424 |14.24| 30.00 | 0.03
Electrolytically assisted pickling, 280 | 280 12.80! 30.00 | 0.05
activation and degreasing-Electrocoating | Scrubber-
[FR _035] a {2} | (e-coating)- Alkaline degreasing- Other- | absorption
Chemical polishing- Etching and (acid/alkaline)| 2.15 | 2.15 | 2.15| 30.00 | 0.05
descaling of aluminium-Etching —
Alkaline etching of aluminium-
Etching or pickling of plastics- 3.70 | 3.70 | 3.70| 30.00 { 0.08
Conditioning of plastics--Plating- Scrubb¢r- 250 | 250 12.50] 30.00 | 0.06
[FR 035] a {3} . . o absorption : : : : :
- - Electrocoating (e-coating)- Rinsing- (acid/alkaline)
Degreasing-Metal stripping-Other- L1971 119/ 1.191/30.00 | 0.03
Pickling (not electrically), descaling and 0.30 | 0.30 | 0.30| 30.00 | 0.01
desmutting-Metal stripping-Degreasing- Scrubb¢r- 020 | 0.20 [0.20] 30.00
[ER _035] a {4} . . b absorption : : : : -
= \ Electrolytically assisted pickling, (acid/alkaline)
activation and degreasing-Other- 0.10 1 0.10 {0.10] 30.00 | 0.00
Plating-Other-Metal stripping- 0.20 | 0.20 [0.20 | 30.00 | 0.00
Electrolytically assisted pickling, 0.10 | 0.10 [ 0.10] 30.00 .
o . . Scrubber- : : : :
activation and degreasing-Electrocoating .
[FR_035] a {5} . . . absorption
- - (e-coating)- Other-Alkaline degreasing- (acid/alkaline)
Etching and descaling of aluminium- 0.09 1 0.09 10.09) 30.00 .
Etching — Alkaline etching of aluminium
Electrocoating (e-coating)-Other- 1.25 | 1.25 | 1.25] 30.00 | 0.01
Electrolytically assisted picklin, Scrubber-
[FR_035] a {6} ectroly y cd pickling, absorption 0.90 | 0.90 |0.90| 30.00 | 0.01
- - activation and degreasing--Rinsing- (acid/alkaline)
Degreasing- 0.45 | 0.45 1 0.45| 30.00 | 0.00
Scrubber- | 4.10 | 4.10 | 4.10| 30.00 | 0.02
[FR 035] a {7} Electrocoating (e-coating)- Other- absorption | 1.42 | 1.42 | 1.42| 30.00 | 0.01
(acid/alkaline)| 127 | 1.27 | 1.27] 30.00 | 0.01
[IT_008] a {3} Alkaline degreasing-Rinsing- - 0.32 | 0.32 {0.32250.00| 39.15
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Electrolytically assisted pickling,

activation and degreasing- Other- - 0.05 | 0.05 | 0.05(250.00( 6.79
Electrocoating (e-coating)-Rinsing-
. - 0.09 | 0.09 | 0.09]250.00| 0.64
[IT_008]_a {3} Drying - 0.07 | 0.07 | 0.07|250.00] 0.54
Scrubber-
[IT_009] a {2} Plating-Rinsing--Drying- absorption | 0.35 | 0.30 | 0.28 | 5.00 -
(acid/alkaline)
Scrubber- | 0.36 | 0.36 [ 0.36 - -
[IT_009] a {4} Plating- absorption | 0.35 | 0.35 [ 0.35 - -
(acid/alkaline) | 0.35 | 0.35 |0.35| - -
Scrubber- | 0.36 | 0.36 [0.36| 5.00 -
[IT_009] a {5} Rinsing-Plating- absorption | 0.36 | 0.36 | 0.36| 5.00 -
(acid/alkaline) | 0.28 | 0.2840.0.28 | 5.00 -
Plating-Degreasing-Electrolytically Scrubber-
[IT O11] a {1} assisted pickling, activation and absorption | 0.50 4 0.50 | 0.50/:250.00| 0.00
degreasing- (acid/alkaline)
Plating-Degreasing-Electrolytically Scrubber-
[IT 011] a {2} assisted pickling, activation and absorption | 0.50..| 0.50 [0.50 [250.00| 0.00
degreasing- (acid/alkaline)
Scrubber- 1.50 | 1.40 [ 1.30| 5.00 | 0.05
[IT 020] a {1} | Anodising-Electrocoating (e-coating)-- | absorption|.0.80 | 0.70 | 0.60 | 5.00 | 0.03
(acid/alkaline) | 0.40 | 0.35 [0.30| 5.00 | 0.01
[IT_029] a {13} Other No techniquet 1\ 40 1 0.40| 5.00 -
applied
Plating-Rinsing- Electrolytically-assisted 0.49 | 0.49 [0.49| 5.00 | 0.01
pickling, activation and degtreasing< Scjbber- 0251025 1025! 5.00 0.01
[IT _031] a {1} o . absorption : : : : :
Degreasing-Pickling (notelectrically), (acid/alkaline)
descaling and desmutting- Other- aaidialkaline)| 0.20 | 0.20 10.20 | 5.00 0.00
Metal stripping-Degreasing--Rinsing- 0.79 1 0.79 10.79| 5.00 0.02
Pickling (not electrically), descaling and | Scrubber- 0.73 1 0.73 10.73 | 5.00 0.01
[IT _031] a {2} desmutting-Electrolytically assisted absorption
pickling, activation and degreasing- |(acid/alkaline)| 0.25 | 0.25 | 0.25| 5.00 | 0.01
Other-
Plating-Other-Electrolytically assisted 0.10 | 0.10 | 0.10| 5.00 0.00
[IT_032] a {18} pickling, activation and degreasing- No technique
- - Pickling (not electrically), descaling and applied 0.07 | 0.07 10.07| 5.00 0.00
desmutting-Plating-
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3.24.2 Dust

The reported data for dust emissions to air are presented in Figure 3-29. Emission data and contextual information are also presented in Table 3-28.

Emissions to air
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Source: [168, TWG 2023]

Figure 3-29: Dust emissions to air in electrolytic or chemical plating plants
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Table 3-28:

electrolytic or chemical plating plants

Reported data and contextual information for dust emissions to air in

EP Associated processes Applied techniques | Max. | Avg.. | Min | ELV L((;a
Pickling (not electrically), Aerosol/droplet
descaling and desmutting- separator-Other-
[AT_003])_a {1} Other-Metal stripping- Scrubber- absorption 05071 05071 0.507):5.00) -
Plating (acid/alkaline)
Scrubber- absorption
. . (acid/alkaline)-Other-
[AT _003] a {2} Degreasing-Plating- Aerosol/droplet 0.50 | 0.50 | 0.50 | 5.00 | -
separator
Pickling (not electrically), | Scrubber- absorption
[AT 003] a {4} | descaling and desmutting- | (acid/alkaline)-Other- | 0.50 | 0.50 | 0.50. | 5.00 | -
Anodising- Mist filter (demister)
Alkaline degreasing- Scrubber- absorption
[AT _003] a {5} | Etching — Alkaline etching | (acid/alkaline)-Other- | 0.50 | 0.50 | 0.50 }:5.00 | -
of aluminium- Mist filter (demister)
Pickling (not electrically), .
[AT_003]_a {6} | descaling and desmutting- | O et MISUAlier ) 5 5o 1 o590 Tgs0 | - | -
. (demister)
Plating-
. . Scrubber- absorption
[AT 003] a {7} A'kah‘;‘;a?ffffas‘“é' (acid/alkaline)-Othér- | 10.50 |%0.50 | 0.50 | - | -
& Mist filter (demister)
Pickling (not electrically), | Scrubber- abSorption
[AT 003] a {8} |descaling and desmutting- | (acid/alkaline)-Other- | 0.50 | 0.50 | 0.50 | 5.00 | -
Plating- Mist filter (demister)
. . Scrubber- absorption
[AT_003]_a {9} Alkal“gﬁffr?asmg' (dcid/alkaline)-Other- | 0.50 | 0.50 | 0.50 | - | -
£ Mist filter (demister)
Pickling (not electrically), . .
[AT_003] a {10} | descaling and desmutting. | MiStlilierddemister)- 1 561 650 | 050 | - | -
- - . Other
Plating-
. Y Scrubber- absorption
[AT 003] a {11} A'ka“‘]“j;a‘:ﬁfas‘né' (acid/alkaline)-Other- | 0.50 | 0.50 | 0.50 | - | -
& Mist filter (demister)
Pickling (not electrically), | Scrubber- absorption
[AT 003] a {12} | desealing and desmutting- | (acid/alkaline)-Other- | 0.55 | 0.55 | 0.55 - -
Plating- Other- Mist filter (demister)
. . Scrubber- absorption
[AT 003] a (3} A'k}fll;?;‘}efvorfg;%' (acid/alkaline)-Other- | 0.54 | 0.54 | 0.54 | - | -
£ Mist filter (demister)
i 1.00 | 1.00 | 1.00 | 5.00 | -
[AT 005] a {2} Heat treatment Stralght thermal
A oxidation 0.50 | 0.50 | 0.50 | 5.00 | -
Other-Plating--Degreasing-
Electrolytically assisted | Scrubber- absorption
[AT_008]7a {1} pickling, activation and (acid/alkaline) 0-201 0:207) 020 120001 -
degreasing-
Pickling (not electrically),
descaling and desmutting--| Scrubber- absorption
[AT_008]_a {2} Plating-Deburring and/or (acid/alkaline) 0401 04071 040 120001 -
tumbling-Rinsing
Pickling (not electrically),
descaling and desmutting-
Rinsing-Drying- Other- .
[AT 008] a {3} |Degreasing-Electrolytically| SCTPber- absorption | 41 46| .40 | 20.00 | -
- S . (acid/alkaline)
assisted pickling, activation
and degreasing-Deburring
and/or tumbling-Plating
. Scrubber- absorption
[AT 008] a {4} Drying (acid/alkaline) 0.40 | 0.40 | 0.40 | 5.00 | -
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[AT 008] a {5}

Drying

0.20

0.20

0.20

20.00

[AT 008] a {6}

Degreasing- Plating-
Rinsing-Electrocoating (e-
coating)-

Scrubber- absorption
(acid/alkaline)

0.30

0.30

0.30

5.00

[AT 008] a {7}

Degreasing-Rinsing-
Plating-Electrocoating (e-
coating)-

Scrubber- absorption
(acid/alkaline)

0.40

0.40

0.40

5.00

[AT_009] a {1}

Solvent degreasing-
Pickling (not electrically),
descaling and desmutting-

Electrolytically assisted
pickling, activation and
degreasing-Plating

Acrosol/droplet
separator

0.30

0.30

0.30

20.00

[AT_009] a {2}

Solvent degreasing-
Pickling (not electrically),
descaling and desmutting-

Electrolytically assisted
pickling, activation and
degreasing-Plating

Aecrosol/droplet
separator

0.27

0.27

0.27

20.00

[AT 009] a {3}

Plating-

Aerosol/droplet
separator

0.23

0.23

0.23

20.00

[AT_009]_a {4}

Solvent degreasing-
Pickling (not electrically),
descaling and desmutting-

Electrolytically assisted
pickling, activation and
degreasing-Plating-

Aecrosol/droplet
separator

0.30

0.30

0.30

20.00

[AT_009]_a {5}

Solvent degreasing-
Pickling (not electrically),
descaling and desmutting-

Electrolytically assisted
pickling, activation and
degreasing-Plating-

Aecrosol/droplet
separator

0.30

0.30

0.30

20.00

[AT 009] a {6}

Solvent degreasing-
Pickling (not electrically),
descaling and desmutting-

Electrolytically assisted
pickling, activation and
degreasing- Plating-Other-

Aerosol/droplet
separator

0.27

0.27

0.27

20.00

[AT 009] a {7}

Solvent degreasing-
Pickling (not electrically),
descaling and desmutting-

Electrolytically assisted
pickling, activation and
degreasing- Plating-Other-

Aecrosol/droplet
separator

0.20

0.20

0.20

20.00

[AT_009] a {10}

Degreasing-Pickling (not
electrically), descaling and
desmutting-Other-
Anodising

Aerosol/droplet
separator

0.40

0.30

0.30

20.00

[AT_010]_a {1}

Alkaline degreasing-
Aqueous cleaning-Drying-
Electrolytically assisted
pickling, activation and
degreasing-Etching —
Alkaline etching of
aluminium-Hand wiping-
Heat treatment-Mechanical
polishing/linishing-Pickling
(not electrically), descaling
and desmutting-Plating-

Scrubber- absorption
(acid/alkaline)

1.00

1.00

1.00

[AT 010] a {2}

Other-Plating-

Scrubber- absorption
(acid/alkaline)

1.00

1.00

1.00
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Scrubber- absorption

! ino- - -
[AT 010] a {3} Plating (acid/alkaline) 1.00 | 1.00 | 1.00
Pickling (not electrically), | Scrubber- absorption
! - -
[AT_010]_a i4; descaling and desmutting (acid/alkaline) 1007 1.0073 1,00

Degreasing- Pickling (not 0.50 | 0.50 | 0.50 | 10.00 |0.02

[AT _015] a {1} |electrically), descaling and Scrubber- absorption

desmutting-Rinsing-Other- (acid/alkaline) 0.30 | 0.30 | 0.30 | 10.00 |0.01
Scrubber- absorption
! .
[AT 015] a {2} Other (acid/alkaline) 0.30 | 0.30 | 0.30 | 10.00 |0.04
[AT 016] a {3} Abrasive blasting Fabric filter 1.00 | 1.00 | 1.00 | 5.00 | -
Alkaline degreasing- 1.10 | 1.10 | 1.10 - -
[AT 020] a {1} Plckhr}g (not electrlcal.ly), Acrosol/droplet
- - descaling and desmutting- separator 0.50 | 0.50 | 0.50 - -
Plating-

- 1.50 | 1.50 | 1250 - -

AT 020] a {2 Electropolishing
[AT_020]_a {2} ctropolishing R 0.50 | 0.50a0.50% - -

Alkaline degreasing- - 1.80 | 1480 [41.80 4 -

Pickling (not electrically),
descaling and desmutting-
[AT 020] a {3} Chemical polishing-
Electrolytically assisted
pickling, activation and
degreasing-

- 0.50% 0:501,(.-0.50 - -

Electrolytically assisted - 1.60 | 1.60 | 1.60 - -

pickling, activation and
degreasing-Pickling (not
electrically), descaling and - 0.50 | 050 | 0.50 - -
desmutting-Plating-
Alkaline degreasing-

[AT 020] a {4}

Aerosol/droplet 1.70 | 1.70 | 1.70 - -

[AT _020] a {5} Plating-
separator 0.50 | 0.50 | 0.50 | 0.50 | -
[AT 020] a {6} Piciﬁ{r?g}l?sotglz?rsigﬁly), Agrosol/droplet L R AR
descaling and desmutting- separator 0.50 1 0.50 | 0.50 ] ]
[AT 021] a {2} Heat treatment No technique applied | 1.00 | 1.00 | 1.00 | 3.00 | -
- 3.70 - 50.00 | -
[BE 015] a {1} Other-Plating- Other - 0.80 - 50.00 | -
- 0.80 - 50.00 | -
- 1.80 - 50.00 | -
[BE 015].a {2} Plating Other - 1.00 - 50.00 | -
- 0.50 - 50.00 | -
- 3.00 - 50.00 | -
[BE 015} a {3} Other-Plating- Other - 1.00 - 50.00 | -
- 0.50 - 50.00 | -
- 2.20 - 50.00 | -
[BE 015] a {4} Plating Other - 1.00 - 50.00 | -
- 0.50 - 50.00 | -
Solvent degreasing-Etching - 1.68 - 5.00 [0.04
or pickling of plastics-
[BG_004] a {1} (%th.er—é:hroglium Scrubb.er— absprption - 129 - 000 10.05
- - conversion coatings-Soak (acid/alkaline)
clean-Hand wipping- - 1.06 - 5.00 10.03

pretreatment step

3.13 | 3.13 | 3.13 | 5.00 |0.06

Scrubber- absorption

[BG 006] a {1} Plating 241 | 2.41 | 2.41 | 5.00 {0.05

(acid/alkaline)
1.93 | 1.93 | 1.93 | 5.00 |0.04
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assisted pickling, activation
and degreasing-

(acid/alkaline)

. 221 | 2.21 | 2.21 | 5.00 |0.03
[BG_006]_a {2} | Electrocoating (e-coating) S“?:;Zﬂ;&gf;‘ig“o“ 1.70 | 1.70 | 1.70 | 5.00 |0.02
1.22 | 1.22 | 1.22 | 5.00 |0.01
[BG 006] a {4} | Electrocoating (e-coating) Scr‘g:ge;;ligfﬁg“’“ 0.00 | 0.00 | 0.00 | 5.00 |0.00
) , Scrubber- absorption | 0.81 | 0.81 | 0.81 | 5.00 ]0.01
[BG 006] a {5} | Electrocoating (e-coating) (acid/alkaline) 0.00 1 0.00 1 0.00 | 5.00 lo.00
) , Scrubber- absorption | 1.26 | 1.26 | 1.26 | 5.00 ]0.01
[BG 006] a {6} | Electrocoating (e-coating) (acid/alkaline) 0.00 1 0.00 1 0.00 | 5.00 lo.00
- q Metal strioo; No tech lied 1.18 | 1.18 | 1.18 | 5.00 {0.00
[BG_006] a {8} c SHbpIne o [EeHAne appHe 0.00 | 0.00 { 0.00 | 5.00 {0.00
[CZ 006] a {8} - - 2.40 - - -
Alkaline degreasing- 1.10 | 0.60 |-0.10 - -
Electrocoati.ng (e—coa}ting)- 090 | 0.60 I 030 - -
Electrolytically assisted Aerosol/droplet
[CZ 007] a {1} | pickling, activation and
- S separator-Cyclone-
degreasing-Pickling (not 0901 050 | 0.10 ) )
electrically), descaling and
desmutting-Rinsing-
Alkaline degreasing- 1.60 | 1.20 | 0.80 - -
Electrocoati'ng (e-cogting)- 1.10 1080 | 050 _ _
Electrolytically assisted Aerosol/droplet
[CZ 007] a {2} | pickling, activation and
- S separator-Cyclone-
degreasing-Pickling (not 0.70 | 0.40 | 0.10 } }
electrically), descaling and
desmutting-Rinsing-
Alkaline degreasing- \ 120 | 0.70 | 0.10 - -
Electrocoating (e-coating)- - 090 | 060 | 030 - _
Electrolytically assisted : : :
[CZ 007] a {3} | pickling, activation and
degreasing-Pickling (not ) 0.80 | 0.50 | 0.20 ) )
electrically), descaling and
desmutting-Rinsing-
Alkaline degreasing- - 1.70 | 1.30 | 0.90 - -
Electrocoati'ng (e—cogting)- _ 120 1 0.80 | 040 _ _
Electrolytically assisted
[CZ 007] a {4} | pickling, activation and
degreasing-Pickling (not } 0.70 | 0.40 | 0.10 } }
electrically), descaling and
desmutting-Rinsing-
Alkaline degreasing- - 1.10 | 0.70 | 0.30 - -
Electrocoating (e-coating)- - 080 1 050 | 020 - _
Electrolytically assisted : : :
[CZ 007] a {5} | pickling, activation and
degreasing-Pickling (l'lOt _ 0.70 0.40 0.10 N N
electrically), descaling and
desmutting-Rinsing-
Alkaline degreasing- - 1.10 | 0.70 | 0.30 - -
Electrocoati'ng (e-cogting)- _ 080 1 050 | 020 _ _
Electrolytically assisted
[CZ 007] a {6} | pickling, activation and
degreasing-Pickling (not } 060 | 030 | 0.00 ) }
electrically), descaling and
desmutting-Rinsing-
[DE _025] a {4} No technique applied | 1.00 | 0.37 | 0.00 - -
Etching or pickling of
[DE_045] a {1} plastics-Electrolytically | Scrubber- absorption 365 | 365 | 365 i i
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Conditioning of plastics
Scrubber- absorption
i1 . - -
[DE 045] a {2} Other (acid/alkaline) 3.65 | 3.65 | 3.65
Scrubber- absorption
I . - -
[DE 045] a {3} Other (acid/alkaline) 3.65 | 3.65 | 3.65
Scrubber- absorption
i1 _ - -
[DE 045] a {4} Other (acid/alkaline) 3.65 | 3.65 | 3.65
. . Scrubber- absorption
f 5 (e- 5 - - -
[DE _045] a {5} | Electrocoating (e-coating) (acid/alkaline) 3.65 | 3.65
Electrocoating (e-coating)-| Scrubber- absorption
I - -
[DE _045] a {6} Other- (acid/alkaline) 3.65 | 3.65 | 3.65
. . Scrubber- absorption
! .
[DE 054] a {1} | Alkaline degreasing-Other (acid/alkaline) 1.40 | 0.60 | 0.30 | 20.00|0.00
Scrubber- absorption
!
[DE 054] a {6} Other (acid/alkaline) 0.70 | 0.60 | 0.40 | 20.00 |0.00
Pickling (not electrically),
[ES 002] a {1} | descaling and desmutting- | No technique applied | 1.50 | 1.50 | 1.50 [20.00 [0.02
Plating-Other-
Pickling (not electrically),
[ES 002] a {2} | descaling and desmutting- | No technique applied | 3.73%,.3.73 | 3:73 | 20.00 [0.07
Plating-Other
Pickling (not electrically),
descaling and desmutting- . .
I
[ES 002] a {3} Alkaline degreasing- No technique applied. | /1.70 | 1.70 | 1.70 | 20.00 {0.01
Plating-Other-
Pickling (not electrically),
descaling and desmutting- . .
I
[ES 002] a {4} Alkaline degreasing-Other- No technique applied | 2.10 | 2.10 | 2.10 | 20.00 {0.02
Plating-
Alkaline degreasing-
[ES_002] a {5} | Pickling (not electrically), oy e b icdic applicd | 6.47 | 6.47 | 6.47 |20.00 |0.04
— 7= U 1 descaling and desmutting- qheapp ' ) ' ' '
Other-
341 | 2.08 | 1.42 | 20.00| -
| Scrubber- absorption
f > -
[ES _003] a {1} Plating (acid/alkaline) 0.69 | 0.66 | 0.64 |20.00
0.51 | 0.50 | 0.48 |20.00| -
1.09 | 1.05 | 1.01 |20.00| -
. Scrubber- absorption
1 -
[ES 003] a {2} Plating (acid/alkaline) 0.76 | 0.54 | 0.42 |20.00
0.51 | 0.51 | 0.51 |20.00| -
2.08 | 2.02 | 1.96 |20.00| -
. Scrubber- absorption
f > -
[ES_003] ‘a {3} Plating (acid/alkaline) 1.04 | 1.01 | 0.97 |20.00
0.53 | 0.51 | 0.49 |20.00| -
, Scrubber- absorption | 1.20 | 0.86 | 0.49 ]20.00 | -
ES 003].a {4} Platin . .
[ES_T0Ng 1) ¢ (acid/alkaline) 0.63 | 0.48 | 0.53 [20.00] -
Scrubber- absorption 2.06 | 2.00 | 1.96 |20.00| -
[ES _003] a {5} Plating (acid/alkaline) 1.25 | 1.10 | 0.99 |20.00| -
0.52 | 0.51 | 0.49 |20.00| -
. . Scrubber- absorption 8.60 | 8.60 | 8.60 |30.00|0.04
ES 031] a {1 Alkaline degreasing . .
[ES_031La {1} srene (acid/alkaline) 3.30 | 2.15 | 1.00 |30.00 [0.01
Pickling (not electrically), .
[ES 031] a {2} | descaling and desmutting. | SCTuPber- absorption | 514 301 4 30| 30 00 |0.04
- = . (acid/alkaline)
Degreasing-
Alkaline degreasing- Serubber absorntion 2.37 | 2.37 | 2.37 |30.00 |0.01
[ES 031] a {3} | Pickling (not electrically), (acid/alkalinlg; 1.60 | 1.60 | 1.60 | 30.00 |{0.00
descaling and desmutting- 1.40 | 1.40 | 1.40 |30.00 [0.00
[ES 031] a {4} Degreasing- Scrubber- absorption | 3.20 | 3.20 | 3.20 | 30.00 |0.01
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(acid/alkaline) 2.90 | 2.90 | 2.90 |30.00|0.01
1.92 | 1.92 | 1.92 | 30.00 {0.01
[FI_002] a {1} |Aqueous cleaning-Platin Scrubber- absorption - 0.36 - - -
S EAMNEE|  (acid/alkaline) '
. . . Scrubber- absorption
! . , . . -
[FI 002] a {2} |Alkaline degreasing-Plating (acid/alkaline) 0.19
. Scrubber- absorption
! , . . -
[FI_002] _a {3} Plating (acid/alkaline) 0.26
- 0.76 | 0.57 | 0.38 |20.00 {0.01
[FI_005] a {1}
- 0.22 | 0.17 | 0.11 |20.00 |0.00
- 1.00 | 0.90 | 0.79 |20.00 {0.01
[FI_005] a {2}
- 0.51 | 0.46 | 0.41 |20.00|0.01
[FI_005] a {3} - 0.28 | 0.20 | 0.13 - 10.00
- 1.10 | 0.86 | 0.62 |20.00|0.01
[FI1_005] a {4}
- - 0.66 | 0.65 [ 0.64 |20.00 [0.01
- 0.65 | 0.59 [ 0.53 |20.00|0.01
[FI_005] a {5}

- - 0.25.] 0.22 { 0.20 |20.00 {0.00
[FI_005] a {6} - 4.30 | 4.30 | 4.30 | 20.00 (0.03
[FI1_005] a {7} - 0.44 | 0.43 | 0.41 |20.00 {0.01
[FI_005] a {8} - 0.25 | 0.23 | 0.22 |20.00 |0.00
[FI_005] a {9} - 0.73 | 0.50 { 0.26 |20.00 {0.00
[FI_005] a {10} - 1.20 | 1.10 | 1.10 | 20.00 |0.00
[FI 005] a {11} - 6.30 | 6.30 [ 6.30 |20.00 {0.02
[FI_005] a {12} - 0.41 | 0.39 { 0.37 |20.00 {0.00
[FI_005] a {13} - 0.49 | 0.46 | 0.44 |20.00 {0.00
[FI_005] a {14} - 0.33 ] 0.29 | 0.26 | 20.00 {0.00

- - 14.00 - -
[FR_015] a {11} | Us¢ of fuel-fired burners Fabric filter
- - (combustion) - 8.00 - -
- 9.80 - 40.00 0.03
[FR 033] a {19} Abrasive blasting Fabric filter - 6.00 - 40.00 10.03
- 0.70 - 40.00 {0.00
0.80 | 0.80 [ 0.80 |20.00 [2.65
Mechanical
[IT 002] a {5} polishing/linishing Cyclone 0.70 | 0.70 | 0.70 |20.00 [2.61
0.10 | 0.10 | 0.10 | 20.00 |0.41
1.60 | 4.60 | 0.10 |20.00 {0.00
[IT 002] a {11} Abrasive blasting Cyclone 1.30 | 0.80 | 0.60 |20.00 {0.00
0.70 | 0.70 { 0.70 |20.00 {0.00
Descaling and desmutting- - 0.03 - 10.00 {0.02
Electrolytically assisted Scrubber- absorption
[IT_006] a {1} pickling, activation and (acid /alkalin::))
degreasing-Alkaline . 0.06 . 10.00} -
degreasing-Plating-Other-
Alkaline degreasing- - 0.01 | 0.01 | 0.01 |10.00|0.47
[IT_008] a {1} R.msmgTEle.ctrolytl.caH.y
- - assisted pickling, activation - 001 | 0.01 | 0.01 |10.0010.49
and degreasing-Plating-
Rinsing-Electrolytically - 2.85 | 2.69 | 2.43 | 10.00
assisted pickling, activation
[IT_008] a {3} and dggreasmg- Alkghpe
degreasing-Plating-Rinsing- - 0.01 | 0.01 { 0.01 | 10.00 [1.36
Other--Electrocoating (e-
coating)-
[IT 008] a {4} Alkaline degreasing- - 0.01 | 0.01 | 0.01 | 10.00|0.56
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Rinsing-Electrolytically
assmtedplckhpg, activation ) 001 | 001 | 001 |10.00!070
and degreasing--Other-
Plating-Drying-
) - 0.70 | 0.65 | 0.60 | 10.00 |4.99
[IT_008] a {5} Drying
- 0.01 | 0.01 | 0.01 | 10.00 |0.07
Degreasing-Alkaline-
Electrolytically assisted | Scrubber- absorption
m -
[IT_009]_a {1} pickling, activation and (acid/alkaline) ST 0851 0.33 110.00
degreasing-Plating-Rinsing-|
. . . Scrubber- absorption
[IT_009] a {2} | Plating-Rinsing-Drying- (acid/alkaline) 1.60 | 0.69 | 0.20 | 10.00 | -
Rinsing-Other-Degreasing- .
[IT_009] a {3} | Alkaline degreasing-Metal | SCrubPer- absorption |y 4o\ ¢1 1 55| 10.00 | -
. . (acid/alkaline)
stripping-Plating-
. Scrubber- absorption
[IT_009] a {4} Plating- (acid/alkaline) 1.90 | 0.787}0.20 }:10.00 | -
. . Scrubber- absorption
[IT_009] a {5} Rinsing-Plating- (acid/alkaline) 1.47 | 0.64: 0.22 | 10.00 | -
Degreasing-Pickling (not
(e |€lectrically), descaling and | Scrubber- absorption i
[IT_009]_a {6; desmutting-Alkaline (acid/alkaline) 1107 10.53 71023 1/10.00
degreasing-Plating
. - 1.65 - 5.00 |0.00
[IT_012] a {2} Mechanical Fabri¢filter » | 148 | - | 5.00 [0.00
polishing/linishing
- 0.80 - 5.00 |0.00
Mechanical
[IT 013] a {1} polishing/linishing Other 1.63 | 0.86 | 0.20 - -
. 224 | 2.24 | 2.24 | 5.00 |0.00
[IT_020] a {2} Mechanical Fabsic filter 0.69 | 0.69 | 0.69 | 2.50 [0.00
- = polishing/linishing
0.45 | 0.45 | 0.45 | 5.00 |0.00
0.60 | 0.57 | 0.50 | 10.00 |0.00
[IT_029] a {4} Other No technique applied | 0.40 | 0.37 | 0.30 | 10.00 {0.00
0.30 | 0.23 | 0.20 | 10.00 |0.00
1.50 | 1.43 | 1.40 | 10.00 |0.00
[IT 029] a {10} Other Other 1.50 | 1.43 | 1.40 | 10.00 |0.00
1.30 | 1.23 | 1.20 | 10.00 |0.00
0.70 | 0.63 | 0.60 | 10.00 |0.00
[IT 029] a {11} Other Other 0.50 | 0.43 | 0.40 | 10.00 |0.00
0.40 | 0.37 | 0.30 | 10.00 |0.00
1.90 | 1.83 | 1.80 | 10.00 |0.00
[IT 029] a\{14} Other Fabric filter 1.60 | 1.57 | 1.50 | 10.00 |0.00
1.40 | 1.33 | 1.30 | 10.00 |0.00
' 0.86 | 0.86 | 0.86 | 10.00 |0.01
[IT 031] a {3} Mechanical Fabric filter 0.75 | 0.75 | 0.75 | 10.00 [0.01
polishing/linishing
0.18 | 0.18 | 0.18 | 10.00 |0.00
0.94 | 0.94 | 0.94 | 3.00 {0.01
[IT 031] a {4} Other Fabric filter 0.93 |1 0.93 | 0.93 | 3.00 |0.01
0.52 | 0.52 | 0.52 | 3.00 |0.00
) 0.83 | 0.83 | 0.83 | 3.00 |0.01
[IT _031] a {5} Other Fabric filter
0.34 | 0.34 | 0.34 | 3.00 |0.00
1.44 | 1.44 | 1.44 | 3.00 |0.02
[IT 032] a {3} Other Other
0.97 | 0.97 | 0.97 | 3.00 |0.01
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0.23 ] 0.23 { 0.23 | 3.00 {0.00

0.68 | 0.68 [ 0.68 | 3.00 [0.00

[IT 032] a {4} Other Fabric filter 0.52 | 0.52 { 0.52 | 3.00 {0.00
0.51 | 0.51 { 0.51 | 3.00 {0.00

. 2.54 | 2.54 | 2.54 | 10.00|0.00

[IT_032] a {6} polil;/llifllgljllrilrlﬁs}lling Fabric filter 0.25 | 0.25 | 0.25 | 10.00 |0.00
0.07 | 0.07 | 0.07 | 10.00 |0.01

1.20 | 1.20 | 1.20 | 10.00 {0.00

[IT 032] a {7} Abrasive blasting Fabric filter 0.28 | 0.28 | 0.28 | 10.00|0.00
0.23 | 0.23 | 0.23 | 10.00 {0.00

2.49 | 2.49 | 2.49 | 10.00|0.01

[IT _032] a {8} Other No technique applied | 0.97 | 0.97 | 0.97 | 10.00 |{0.00
0.72 | 0.72.( 0.72 | 10.00 {0.00

2.72 | 272 {.2.72 | 10.00 {0.00

[IT 032] a {9} Other No technique applied | 1.21 | 1.21 | 1.21 | 10.00 [0.00
0.90 |-0.90 { 0.:90 | 10.00 {0.00

0.39 | 0.39 {0.39 | 10.00 {0.00

[IT_032] a {10} Abrasive blasting No technique applied | 0.26 | 0.26 | 0.26 | 10.00 |{0.00
0.05 |-0.05 { 0.05 | 10.00 {0.00

[IT_032] a {14} Abrasive blasting Fabric filter 027 | 0.27 | 0.27 | 10.000.00
0.16 | 0.15 | 0.14 | 10.00 {0.00

[IT_032] a {15} Other Fabric filter 050 | 0.30 ] 0.50 ] 10.000.00
0.37 | 0.30 { 0.22 | 10.00 {0.00

- - 0.99 | 10.00 {0.00

[IT _032] a {16} Abrasive blasting No technique applied - - 0.78 | 10.00 |0.00
- - 0.13 | 10.00 {0.00

. 2.84 | 2.84 | 2.84 | 10.00|0.00

[IT_032] a {20} Other Rege“(f;‘i‘;‘;fotr}l‘ermal 2.15 | 2.15 | 2.15 [ 10.00 [0.00
0.78 | 0.78 | 0.78 | 10.00 {0.00

[NL 002] a {2} | Electrocoating (e-coating) - 590 | 4.60 | 3.00 | 10.00| -
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3.24.3 Gaseous chlorides

The reported data for gaseous chlorides emissions to air are presented in Figure 3-30. Emission data and contextual information are also presented in Table 3-36.

Emissions to air

@® Min. Concentration Avg. Concentration @ Max. Concentration = ELV

20

AN
& G
@@ g

Source: [168, TWG 2023]

Figure 3-30: Gaseous chlorides emissions to air in electrolytic or chémieal plating plants
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Table 3-29:

Reported data and contextual information for gaseous chlorides emissions
to air in electrolytic or chemical plating plants

electrically), descaling and desmutting-

EP Associated processes Applied techniques R;la Avg| Min E\}‘ L((l)a
Solvent degreasing-Pickling (not
electrically), descaling and desmutting- Aerosol/droplet
[AT_009]_a {1} Electrolytically assisted pickling, activation separator 2:4613.4613.46) 107
and degreasing-Plating
Solvent degreasing-Pickling (not
s electrically), descaling and desmutting- Aerosol/droplet 10.0}
[AT_009]_a {2} Electrolytically assisted pickling, activation separator 8.62)8.6218.62 0
and degreasing-Plating
[AT_009]_a {3} Plating- Aerosolidroplet |, 5315 3315 33 100)
- - separator 0
Solvent degreasing-Pickling (not
s electrically), descaling and desmutting- Aerosol/droplet 10.0}
[AT_009]_a {4} Electrolytically assisted pickling, activation separator 14311431143 0
and degreasing-Plating-
Solvent degreasing-Pickling (not
electrically), descaling and desmutting- Aerosol/droplet 10.0
[AT_009]_a {5} Electrolytically assisted pickling, activation separator 0.3310.3310.33 0 )
and degreasing-Plating-
Solvent degreasing-Pickling (not
electrically), descaling and desmutting- Aerosol/droplet 10.0
[AT_009]_a {6} Electrolytically assisted pickling, activation separator 0.5310.5310.33 0 i
and degreasing-Plating-Other
Solvent degreasing-Pickling (not
s electrically), descaling and desmutting- Aerosol/droplet 10.0}
[AT_009]_a {7} Electrolytically assisted pickling, activation separator 0.3610.360.36 0
and degreasing-Plating-Other
Pickling (not electrically), descaling and . .
[BE 010] a {2} desmutting No technique applied | - |1.22| - - -
o . ' 4.29(1.48(0.08/9.00|0.01
[CZ 003] a {1} | Pickling (notelectrically), descaling and -\ 1 o piovie applied- [2.10]2.00]1.90[9.00] 0.01
desmutting-
1.40(1.20(0.90/9.00|0.01
o . . 5.10|4.50|4.10|9.00|0.02
[CZ 003] a {2} | Dickling (notelectrically), descaling and |\ o e applied- [1.67]0.88]0.06]9.00]0.00
- = desmutting-
1.10{1.00{0.90(9.00|0.00
A . ' 0.60]0.50]0.40(9.00{0.00
[CZ 003].a {3} | Pickling (notelectrically), descalingand -\ 1 o poiovie applied- [0.30]0.30[0.30{9.00]0.00
L desmutting-
0.2710.13]0.06|9.00{0.00
[CZ 006] a {1} Pickling (not electrlcal}y), descaling and ) - losil - i i
. \ desmutting
[CZ 006] a {2} - - 10.24] - - -
[CZ 006] a {7} - - |L.07] - - -
Alkaline degreasing-Electrocoating (e- 16.6|14.7|12.9] i
coatlhng)TElectrolytlcall}{ assm.ted.plckhng, Aerosol/droplet 6 1912
[CZ 007] a {1} | activation and degreasing-Pickling (not 0.5010.3610.21] - .
— = . . ) separator-Cyclone : : :
electrically), descaling and desmutting-
Rinsing- 0.15|0.11]0.06| - -
Alkaline degreasing-Electrocoating (e- 6.81|2.54(2.27| - -
coating)-Electrolytically assisted pickling, 540l4353.20] - _
[CZ 007] a {2} | activation and degreasing-Pickling (not Acrosol/droplet . - .
lectrically), descaling and desmutting- separator-Cyclone
elee Y), -aling g 0.11/0.11]0.00| - -
Rinsing-
Alkaline degreasing-Electrocoating (e- - 0.29(0.19]0.06| - -
coating)-Electrolytically assisted pickling, - 0.0610.0610.00 - B}
[CZ_007]_a {3} activation and degreasing-Pickling (not - - -
- 0.05|0.05|0.00| - -
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Rinsing-
Alkaline degreasing-Electrocoating (e- i 13.7112.3|11.0| i
coating)-Electrolytically assisted pickling, 219 6
[CZ 007] a {4} | activation and degreasing-Pickling (not , 0.7410.49|0.25| - ,
electrically), descaling and desmutting-
Rinsing- - 0.21]0.13|0.05{ - -
0.7410.69|0.59 ](())'0 0.02
[CZ 014] a {3} Pickling (not e(llectrlca!ly), descaling and Absorption 0.3810.3410.29 10.0 0.01
esmutting- 0
0.2210.21]0.21 l(()).O 0.01
Scrubber- absorption 10.0
f ,
[DE_025] a {14} Other (acid/alkaline) 1.00{0.77{0.30 0
Etching or pickling of plastics- .
[DE _045] a {1} |Electrolytically assisted pickling, activation Scrlzl:laizr/;llizlsi(;rglon 7.0017.00|7.00( - -
and degreasing-Conditioning of plastics
[DE_045] a {2} Other- Scrt(‘:l’ilr/;lizlsﬁfglon 7.00(7.00{7.00| - | -
[DE_045] a {3} Other Scrt("ngir/;lizf;g“"“ 7.00|7.00|7.00| - | -
[DE_045] a {4} Other- Scr‘zggzr/;ﬂizfi‘:g‘o“ 7.00/|7.00{7.00| - | -
. . Scrubber-absorption 30.0
[DE 054] a {1} Alkaline degreasing-Other (acidlalkaline) 0.8010.80]0.70 0 0.00
[DE_054] a {3} Plating-Other- Agtosolidroplet g 551 9410.80[3%:0] 008
separator 0
Scrubber- absorption 30.0
[DE 054] a {6} Other (acid/alkaline) 0.40{0.40]0.40 0 0.00
Degr.easmg-Plcklmg. (not electrlcal}y), Scrubber- absorption
descaling and desmutting- Electrolytically (acid/alkaline)- 30.0
[DE 077] a {2} assisted pickling;activation and 0.50(10.3710.30(" -
- = . ) Aerosol/droplet 0
degreasing-Other-Electrocoating (e-
- separator
coating)-
Degreasing-Pickling(not electrically),
descalingland desmutting="Electrolytically .
[DE 077] a {3} assisted. pickling;-activation and Scrubb.er- absprptlon 0.40(0.31]0.22 3001
- - . . . (acid/alkaline) 0
degreasing- Electrocoating (e-coating)-
Other-
[DE 079] a {14} Other No technique applied ]%'0 - - 3(())'0 -
Pickling (not electrically), descaling and . . 30.0
[DE _079}<a {17} desmutting No technique applied |8.10| - - 0 -
Pickling (not electrically), descaling and . . 10.0
[ES 002]pa {1} desmutting-Plating-Other- No technique applied [1.40{1.40|1.40 0 -
10.0
. : Scrubber- absorption 0210171013175 -
[ES_003]_a {1} Plating (acid/alkaline) 10.0
0.14{0.11]0.10 0’ -
20.0|14.7 30.0
ol o 9.00 0 0.20
Pickling (not electrically), descaling and | Scrubber- absorption 30.0
i
[ES_004] a {1} desmutting-Aqueous cleaning-Degreasing- (acid/alkaline) 0.5210.4510.37 0 0.01
0.90{0.9010.90 3(())'0 0.10
6,19
0.20]0.15|0.11{3.00|6 E-
Alkaline degreasing-Other-Electrocoating | Scrubber- absorption 3
[ES_009]_a {1} (e-coating)-Other (acid/alkaline) <
0.18]0.13]0.09(3.00{5,22
E-3
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<13
0.1410.13|0.13{3.00| 1 E-
3
6,19
0.37]0.23]0.13(3.00{ 6 E-
3
. . . . <
[ES_009] a {2} Alkaline degreasmg-Other-Electrocoatmg Scrubb‘er- absgrptlon 0.20(0.19]0.18|3.00|7.71
- - (e-coating)-Other- (acid/alkaline) E3
<
0.13]0.12]0.12(3.00{4,65
E-3
6,19
0.37]0.23]0.17(3.00{ 6 E-
3
[ES_009] a {3} Alkaline degreasing-Other-Electrocoating | Scrubber- absorption <
- =t (e-coating)- (acid/alkaline) 0.15{0.15]0.14(3.00|5,19
E-3
<52
0.15/0.14]0.13{3.00 163
. Scrubber- absorption
1 - - -
[ES 010] a {2} Plating (acid/alkaline) 0.0910.09]0.09
. S . . Scrubber- absorption
) . . - -
[ES 010] a {4} Etching or pickling of plastics-Plating (acid/alkaline) 0.05{0.05]0.05
. Scrubber- absorption
1 - - -
[ES 030] a {1} Plating (acid/alkaline) 1.66|1.66|1.66
. S . . Scrubber- absorption
) . . - -
[ES 030] a {2} Etching or pickling of plastics-Plating (acid/alkaline) 1.4911.49(1.49
2.40(2.40(2.40 3(())'0 0.01
Alkaline degreasing-Pickling (not Scrubber- absorption 30.0
I
[ES_031] a {3} electrically), descaling and desmutting (acid/alkaline) 0.7910.7910.79 0 0.00
0.61]0.61]0.61 3(())'0 0.00
3.10{3.10|3.10 3(())'0 0.01
/ Scrubber- absorption 30.0
S 0~
[ES 031] a {4} Degreasing (acid/alkaline) 1.20{1.20|1.20 0 0.00
0.4310.43]0.43 3%0 0.00
. - 19.49] - |500/0.00
Scrubber- absorption
[FR_018].a {9} Other (acid/alkaline) - 1034 - 5(())'0 0.00
30.0
[T 011].a {1} Plating-Degreasing-Electrolytically assisted| Scrubber- absorption 1:50]0.8310.34 0 0.03
N AN 1 . . 5 . . . . v . .
pickling, activation and degreasing (acid/alkaline) 0.7910.6010.41 3(()).0 0.04
1.46|0.82|0.17 3(())'0 0.02
Plating-Degreasing-Electrolytically assisted| Scrubber- absorption 30.0
I
[IT_011]_a {2} pickling, activation and degreasing- (acid/alkaline) 0.9010.5110.12 0 0.01
0.75]0.53]0.31 3%0 0.01
[IT 030] a {1} Plating- - 0.13]0.12]0.12{5.00{0.00
IT 030] a {3} Plating- - 0.1310.12]0.11|5.00{0.00
_ _a Oy g
Plating-Rinsing- Other- Electrolytically 0.10/0.10/0.10/5.00]0.00
. assisted pickling, activation and Scrubber- absorption 0.10l0.1010.1015.0000.00
[IT_031]_a {1} degreasing-Degreasing-Pickling (not (acid/alkaline) : : : : :
electrically), descaling and desmutting 0.10/0.10/0.105.00]0.00
[IT 031] a {2} Metal stripping-Degreasing-Rinsing- Scrubber- absorption {0.10/0.10{0.10|5.00/2.00
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Pickling (not electrically), descaling and (