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Executive Summary

EXECUTIVE SUMMARY

This Reference Document on best available techniques in ferrous metals processing reflects an
information exchange carried out according to Article 16(2) of Council Directive 96/61/EC. The
document has to be seen in the light of the preface which describes the objectives of the
document and its use.

This BREF document consists of 4 Parts (A — D). Parts A to C cover the different industrial
sub-sectors of the Ferrous Metals Processing sector: A, Hot and Cold Forming; B, Continuous
Coating; C, Batch Galvanizing. This structure was chosen because of the differences in nature
and scale of the activities covered by the term FMP.

Part D does not cover an industrial sub-sector. It comprises the technical descriptions of a
number of environmental measures which are techniques to be considered in the determination
of BAT in more than one sub-sector. This was done to avoid repetition of technical descriptions
in the three Chapters 4. These descriptions have to be viewed always in connection with the
more specific information, referring to the application in individual sub-sectors, which is given
in the relevant Chapter 4.

Part A: Hot and Cold Forming

The hot and cold forming part of the ferrous metal processing sector comprises different
manufacturing methods, such as hot rolling, cold rolling and drawing of steel. A great variety of
semi-finished and finished products with different lines of production is manufactured. Products
are: hot and cold rolled flats, hot rolled long products, drawn long products, tubes and wire.

Hot Rolling

In hot rolling the size, shape and metallurgical properties of steel are changed by repeatedly
compressing the hot metal (temperature ranging from 1050 to 1300 C°) between electrically
powered rollers. The steel input for hot rolling varies in form and shape - cast ingots, slabs,
blooms, billets, beam blanks - depending on the product to be manufactured. Products obtained
from hot rolling are usually classified in two basic types according to their shape: flat and long
products.

Total EU production in 1996 of hot rolled (HR) products was 127.8 million tonnes of which
flats accounted for 79.2 million tonnes (ca. 62%) [Stat97]. Germany is the largest manufacturer
of the flats, with 22.6 million tonnes followed by France with 10.7 million tonnes, Belgium 9.9
million tonnes, Italy 9.7 million tonnes and UK 8.6 million tonnes. The vast majority of HR flat
products is wide strip.

The remaining 38 % of HR products are long products with about 48.5 million tonnes in 1996.
The two major manufacturing countries are Italy with about 11.5 million tonnes and Germany
with 10.3 million tonnes; followed by UK (7 million tonnes) and Spain (6.8 million tonnes).
The largest part of the long products sector in tonnage terms is the production of wire rod which
stands for roughly a third of the total production followed by reinforcing bars and merchant bars
with an approximate share of one quarter of the production each.

In steel tube manufacture, the EU, which produced 11.8 million tonnes in 1996, (20.9 % of total
world production) is the largest producer followed by Japan and the U.S. The European steel
tube industry has a highly concentrated structure. Five countries — Germany (3.2 million
tonnes), Italy (3.2 million tonnes), France (1.4 million tonnes), United Kingdom (1.3 million
tonnes) and Spain (0.9 million tonnes) - account for roughly 90 % of total EU production. In
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some countries, a single company can account for 50 % or more of the national output. In
addition to the major integrated steel tube manufacturers (mainly producing welded tubes),
there are a relatively large number of small and medium-sized firms that are independent. Some
manufacturers, often small in tonnage terms, operating in high value-added markets, concentrate
on the manufacture of special dimensions and grades of tubes according to particular customer
specifications.

Hot rolling mills usually comprise the following process steps: conditioning of the input
(scarfing, grinding); heating to rolling temperature; descaling; rolling (roughing including width
reduction, rolling to final dimension and properties) and finishing (trimming, slitting, cutting).
They are classified by the type of product that they produce and by their design features:
blooming and slabbing mills, hot strip mills, plate mills, bar and rod mills, structural and section
mills and tube mills.

The main environmental issues of hot rolling are emissions to air, especially NOx and SOx; the
energy consumption of furnaces; (fugitive) dust emissions from product handling, rolling or
mechanical surface treatment; oil- and solid-containing effluents and oil-containing wastes.

For NOx emissions of reheating and heat treatment furnaces, industry reported concentrations
of 200 — 700 mg/Nm?* and specific emissions of 80 — 360 g/t; while other sources reported up to
900 mg/Nm® and — with combustion air preheating of up to 1000 °C — of up to more than
5000 mg/Nm3. SO, emissions from furnaces depend on the fuel used; ranges were reported
from 0.6 — 1700 mg/Nm? and 0.3 — 600 g/t. The scattering of energy consumption for these
furnaces was 0.7 to 6.5 GJ/t; with a typical range being 1 — 3 GJ/t.

As for dust emissions from product handling, rolling or mechanical surface treatment, very few
data were submitted referring to the individual processes. The concentration ranges reported
were:

e Scarfing: 5— 115 mg/Nm?

* Grinding: <30 - 100 mg/Nm?

e Mill stands: 2 — 50 mg/Nm? and

*  Coil handling: approximately 50 mg/Nm? .

Emissions to water from hot rolling basically comprise oil- and solid-containing effluents in the
range of 5 to 200 mg/I total suspended solids and 0.2 — 10 mg/l hydrocarbons. Oil-containing
wastes from waste water treatment were reported ranging from 0.4 — 36 kg/t depending on the
mill type.

For more details and for emission and consumption data for other process steps of hot rolling,
refer to Chapter A.3 where the available data are presented with qualifying information.

The key findings regarding BAT for individual process steps and different environmental issues
of hot rolling are summarized in Table 1. All emission figures are expressed as daily mean
values. Emissions to air are based on standard conditions of 273 K, 101.3 kPa and dry gas.
Discharges to water are indicated as daily mean value of a flow-rate-related 24-hour composite
sample or a flow-rate-related composite sample over the actual operating time (for plants not
operated in three shifts).

There was consensus in the TWG on the best available techniques and associated
emission/consumption levels presented in the table, except where a ‘split view’ is explicitly
recorded.
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Best Available Techniques / Split views on BAT

BAT-associated emission and
consumption levels /
Split views on associated levels

Storing and handling of raw materials and auxiliaries

e Collection of spillages and leakages by suitable measures,
e.g. safety pits and drainage.

* Separation of oil from the contaminated drainage water
and reuse of recovered oil.

¢ Treatment of separated water in the water treatment plant.

Machine scarfing

¢ Enclosures for machine scarfing and dust abatement with

split view on dust level:

fabric filters. < 5 mg/Nm?
<20 mg/Nm?
e Electrostatic precipitator, where fabric filters cannot be | split view on dust level:
operated because of very wet fume. <10 mg/Nm?
20 - 50 mg/Nm?

*  Separate collection of scale/swarf from scarfing.

Grinding

* Enclosures for machine grinding and dedicated booths,
equipped with collection hoods for manual grinding and
dust abatement by fabric filters.

split view on dust level:
<5 mg/Nm?
<20 mg/Nm?

All surface rectification processes

¢ Treatment and reuse of water from all surface rectification
processes (separation of solids).

* Internal recycling or sale for recycling of scale, swarf and
dust.

Table 1: Key findings regarding BAT and associated emission/consumption levels for hot rolling
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Best Available Techniques / Split views on BAT

BAT-associated emission and
consumption levels /
Split views on associated levels

Re-heating and heat treatment furnaces

General measures, e.g. regarding furnace design or
operation & maintenance, as described in chapter A.4.1.3.1.

Avoiding excess air and heat loss during charging by
operational measures (minimum door opening necessary
for charging) or structural means (installation of multi-
segmented doors for tighter closure).

Careful choice of fuel and implementation of furnace
automation/control to optimise the firing conditions.
- for natural gas
- for all other gases and gas mixtures
- for fuel 0il (<1 % S)

SO, levels:

<100 mg/Nm’
<400 mg/Nm®

up to 1700 mg/Nm?

Split view:

limitation of sulphur content in fuel to <1 % is BAT
lower S limit or additional SO, reduction measures is BAT

Recovery of heat in the waste gas by feedstock pre-heating
Recovery of heat in the waste gas by regenerative or
recuperative burner systems

Recovery of heat in the waste gas by waste heat boiler or
evaporative skid cooling (where there is a need for steam)

Energy savings 25 - 50 % and
NOx reductions potentials of up
to 50 % (depending on system).

Second generation low-NOx burners

NOx 250 - 400 mg/Nm? (3% O,)
without air pre-heating reported
NOx reduction potential of about
65 % compared to conventional.

Limiting the air pre-heating temperature.
Trade-off energy saving vs. NOx emission:
Advantages of reduced energy consumption and reductions
in SO,, CO, and CO have to be weighed against the
disadvantage of potentially increased emissions of NOx

Split view:

SCR and SNCR are BAT

Not enough information to decide whether or not
SCR/SNCR are BAT

achieved levels ':

SCR: NOx < 320 mg/Nm’

SNCR: NOx <205 mg/Nm?,
ammonia slip 5 mg/Nm’

Reduction of heat loss in intermediate products; by
minimizing the storage time and by insulating the
slabs/blooms (heat conservation box or thermal covers)
depending on production layout.

Change of logistic and intermediate storage to allow for a
maximum rate of hot charging, direct charging or direct
rolling (the maximum rate depends on production schemes
and product quality).

For new plants, near-net-shape casting and thin slab
casting, as far as the product to be rolled can be produced
by this technique.

" These are emission levels reported for the one existing SCR plant (walking beam furnace) and the one existing SNCR

plant (walking beam furnace).

Table 1 continued: Key findings regarding BAT and associated emission/consumption levels for

hot rolling
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Best Available Techniques / Split views on BAT

BAT-associated emission and
consumption levels /
Split views on associated levels

Descaling

e Material tracking to reduce water and

consumption.

energy

Transport of rolled stock

¢ Reduce unwanted energy loss by coil boxes or coil
recovery furnaces and heat shields for transfer bars

Finishing train

e Water sprays followed by waste water treatment in which
the solids (iron oxides) are separated and collected for
reuse of iron content.

¢ Exhaust systems with treatment of extracted air by fabric
filters and recycling of collected dust.

split view on dust level:
<5 mg/Nm?
<20 mg/Nm?

Levelling and welding

¢ Suction hoods and subsequent abatement by fabric filters

split view on dust level:
<5 mg/Nm?
<20 mg/Nm?

Cooling (machines etc.)

* Separate cooling water systems operating in closed loops

Waste water treatment/ scale- and oil-containing process water

*  Operating closed loops with recirculating rates of > 95 %

¢ Reduction of emissions by using a suitable combination of

treatment techniques (described in detail in Chapters
A.4.1.12.2 and D.10.1).

SS: <20 mg/l
oil: <5 mgn®"
Fe: <10 mg/l
Cr: <0.2 mg/l @
Ni: <02 mgl®
Zn: <2 mgl

e Recirculation of mill scale collected in water treatment to
the metallurgical process

¢ Oily waste/sludge collected should be de-watered to allow
for thermal utilisation or safe disposal.

Prevention of hydrocarbon contamination

* Preventive periodic checks and preventive maintenance of

seals, gaskets, pumps and pipelines.

¢ Use of bearings and bearing seals of modern design for
work- and back-up rolls, installation of leakage indicators
in the lubricant lines (e.g. at hydrostatic bearings).

¢ Collection and treatment of contaminated drainage water
at the various consumers (hydraulic aggregates), separation
and use of oil fraction, e.g. thermal utilisation by blast
furnace injection. Further processing of the separated water
either in the water treatment plant or in dressing plants with
ultra filtration or vacuum evaporator.

Reduction in o0il consumption by
50-70 %.

" oil based on random measurements
2 0.5 mg/l for plants using stainless steel

Table 1 continued: Key findings regarding BAT and associated emission/consumption levels for

hot rolling
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Best Available Techniques / Split views on BAT BAT-associated emission and
consumption levels /
Split views on associated levels

Roll shops

e Use of water-based degreasing as far as technically
acceptable for the degree of cleanliness required.

e If organic solvents have to be used, preference is to be
given to non-chlorinated solvents.

¢ Collection of grease removed from roll trunnions and
proper disposal, such as by incineration.

e Treatment of grinding sludge by magnetic separation for
recovery of metal particles and recirculation into the
steelmaking process.

e Disposal of oil- and grease-containing residues from
grinding wheels, e.g. by incineration.

* Deposition of mineral residues from grinding wheels and of
worn grinding wheels in landfills.

e Treatment of cooling liquids and cutting emulsions for
oil/water separation. Proper disposal of oily residues, e.g.
by incineration.

e Treatment of waste water effluents from cooling and
degreasing as well as from emulsion separation in the hot
rolling mill water treatment plant.

* Recycling of steel and iron turnings into the steelmaking
process.

Table 1 continued: Key findings regarding BAT and associated emission/consumption levels for
hot rolling

Cold Rolling

In cold rolling, the properties of hot rolled strip products, e.g. thickness, mechanical and
technological characteristics, are changed by compression between rollers without previous
heating of the input. The input is obtained in the form of coils from hot rolling mills. The
processing steps and the sequence of processing in a cold rolling mill depend on the quality of
the steel treated. The following process steps are used for low alloy and alloy steel (carbon
steel): pickling; rolling for reduction in thickness; annealing or heat treatment to regenerate the
crystalline structure; temper rolling or skin pass rolling of annealed strip to give desired
mechanical properties, shape and surface roughness, and finishing.

The process route for high alloy steel (stainless steel) involves additional steps to that for
carbon steels. The main stages are: hot band annealing and pickling; cold rolling; final
annealing and pickling (or bright annealing); skin pass rolling and finishing.

Cold rolled products are mainly strips and sheets (thickness typically 0.16 - 3 mm) with high
quality surface finish and precise metallurgical properties for use in high specification products.

Cold rolled wide strip production (sheets and plates) was about 39.6 million tonnes in 1996.
[EUROFER CR]. The main producing countries were Germany with about 10.6 million tonnes,
France with 6.3 million tonnes, Italy with 4.3, UK with 4.0 million tonnes and Belgium with 3.8
million tonnes.
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Cold rolled narrow strip, obtained from cold rolling narrow hot strip or from slitting and cold
rolling hot rolled sheet, amounted to about 8.3 millions tonnes in 1994 (2.7 million tonnes of
cold rolled and 5.5 million tonnes of slit strip)

The cold rolled strip industry in the EU is both concentrated and fragmented. The largest 10
companies account for 50 % of the production while another 140 companies account for the
remaining 50 %. The structure of the sector is marked by national differences in company size
and industry concentration. Most of the largest companies are situated in Germany, which
dominate the market with about 57 % of EU production (1.57 million tonnes in 1994). The
majority of companies, however, can be classified as small or medium-sized enterprises.
[Bed95]

In 1994, Germany produced about 35 % of the slit strip, with 1.9 million tonnes, followed by
Italy and France each with a production of 0.9 million tonnes.

The main environmental issues of cold rolling are: acidic wastes and waste water; degreaser
fume, acidic and oil mist emissions to air; oil-containing wastes and waste water; dust, e.g. from
descaling and decoiling; NOx from mixed acid pickling and combustion gases from furnace
firing.

As for acid emissions to air from cold rolling, these may arise from pickling and acid
regeneration processes. Emissions differ, depending on the pickling process used — basically the
acid used. For hydrochloric acid pickling, HCI emissions of 1 — 145 mg/Nm? maximum (up to
16 g/t) were reported; with the range reported by industry being 10 — < 30 mg/Nm? (~ 0.26 g/t).
For sulphuric acid pickling, H,SO4 emissions of 1 —2 mg/Nm?* and 0.05 — 0.1 g/t were reported.

For mixed acid pickling of stainless steel, HF emissions were reported in the range of 0.2 — 17
mg/m’ (0.2 — 3.4 g/t). Additionally to acidic air emissions, NOx is generated. The scattering
rang was reported to be 3 - ~ 1000 mg/Nm® (3 — 4000 g/t specific emission) with doubts being
raised on the lower end levels.

Only little data was available for dust emissions from steel handling and descaling operations.
Reported ranges for mechanical descaling are 10 — 20 g/t for specific emissions and
concentration ranging from < 1 — 25 mg/m’.

For more details and for emission and consumption data for other process steps of cold rolling,
refer to Chapter A.3 where the available data are presented with qualifying information.

The key findings regarding BAT for individual process steps and different environmental issues
of cold rolling are summarized in Table 2. All emission figures are expressed as daily mean
values. Emissions to air are based on standard conditions of 273 K, 101.3 kPa and dry gas.
Discharges to water are indicated as daily mean value of a flow-rate-related 24-hour composite
sample or a flow-rate-related composite sample over the actual operating time (for plants not
operated in three shifts).

There was consensus in the TWG on the best available techniques and associated
emission/consumption levels presented in the table, except where a ‘split view’ is explicitly
recorded.
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Best Available Techniques / Split views on BAT

BAT-associated emission and
consumption levels /
Split views on associated levels

Decoiling

Water curtains followed by waste water treatment in which
the solids are separated and collected for reuse of iron
content.

Exhaust systems with treatment of extracted air by fabric
filters and recycling of collected dust.

split view on dust level:
<5 mg/Nm?3
<20 mg/Nm?

Pickling

General measures to reduce acid consumption and waste acid
generation as described in Chapter A.4.2.2.1. should be
applied as far as possible, especially the following techniques:

Prevention of steel corrosion by appropriate storage and
handling, cooling etc.

Reduction of load on pickling step by mechanical pre-
descaling in a closed unit, with an extraction system and
fabric filters.

Use of electrolytic pre-pickling.

Use of modern, optimised pickling facilities (spray or
turbulence pickling instead of dip pickling).
Mechanical filtration and recirculation for
extension of pickling baths.

Side-stream ion-exchange or electro-dialysis (for mixed
acid) or other method for free acid reclamation (described
in Chapter D.6.9) for bath regeneration.

lifetime

HCI pickling

Reuse of spent HCL.

or Regeneration of the acid by spray roasting or fluidised
bed (or equivalent process) with recirculation of the
regenerate; air scrubbing system as described in Chapter 4
for the regeneration plant; reuse of Fe,O; by-product.

20 -50
2-30
50-100

Dust
HCI
SO,
CcO
CO,
NO,

mg/Nm?
mg/Nm?
mg/Nm?
150 mg/Nm?

180000  mg/Nm?
300-370 mg/Nm?

Totally enclosed equipment or equipment fitted with
hoods and scrubbing of extracted air.

Dust
HCl

10-20 mg/Nm?
2-30 mg/Nm?

H,SO, Pickling

Recovery of the free acid by crystallisation; air scrubbing

H,SO, 5-10 mg/Nm?

devices for recovery plant. SO, 8-20 mg/Nm?
e Totally enclosed equipment or equipment fitted with | H,SO4 1-2  mg/Nm?
hoods and scrubbing of extracted air. SO, 8-20 mg/Nm?

Table 2: Key findings regarding BAT and associated emission/consumption levels for cold rolling
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Best Available Techniques / Split views on BAT

BAT-associated emission and
consumption levels /
Split views on associated levels

Mixed acid pickling

Free acid reclamation (by side-stream ion exchange or
dialysis)
or acid regeneration - by spray roasting:

- or by evaporation process:

Dust <10 mg/Nm?
HF < 2 mg/Nm?
NO, <200 mg/Nm?

HF <2 mg/Nm?
NO, <100 mg/Nm?3

Enclosed equipment/hoods and scrubbing, and
additionally:

Scrubbing with H,O,, urea etc.

or NOx suppression by adding H,O, or urea to the pickling
bath

or SCR.

for all:
INOx 200 - 650 mg/Nm?
HF 2-7 mg/Nm?

Alternative: use of nitric acid-free pickling plus enclosed
equipment or equipment fitted with hoods and scrubbing.

Heating of acids

Indirect heating by heat exchangers or, if steam for heat
exchangers has to be produced first, by submerged
combustion.

Not using direct injection of steam.

Minimization of waste water

Cascade rinsing systems with internal re-use of overflow
(e.g. in pickling baths or scrubbing).

Careful tuning and managing of the ‘pickling-acid
regeneration-rinsing’ system.

Waste water treatment

Treatment by neutralisation, flocculation, etc., where
acidic water blow-down from the system cannot be
avoided.

SS: <20 mg/l
Oil: <5 mgl'
Fe: <10 mg/l

Crio: < 0.2 mg/l?
Ni: <02 mg/l°
Zn: <2 mg/l

Emulsion systems

Prevention of contamination by regular checking of seals,
pipework etc. and leakage control.

Continuous monitoring of emulsion quality.

Operation of emulsion circuits with cleaning and reuse of
emulsion to extend lifetime.

Treatment of spent emulsion to reduce oil content, e.g. by

ultrafiltration or electrolytic splitting.

Rolling and tempering

Exhaust system with treatment of extracted air by mist
eliminators (droplet separator).

Hydrocarbons:

5—15 mg/Nm?.

L oil based on random measurements
% for stainless steel < 0.5 mg/l

Table 2 continued: Key findings regarding BAT and associated emission/consumption levels for

cold rolling
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Best Available Techniques / Split views on BAT

BAT-associated emission and
consumption levels /
Split views on associated levels

Degreasing

¢ Degreasing circuit with cleaning and reuse of the degreaser
solution. Appropriate measures for cleaning are mechanical
methods and membrane filtration as described in chapter

AA4.

¢ Treatment of spent degreasing solution by electrolytic
emulsion splitting or ultrafiltration to reduce the oil
content; reuse of separated oil fraction; treatment
(neutralisation etc.) of separated water fraction prior to

discharge.
» Extraction system for degreasing fume and scrubbing.

Annealing furnaces

e For continuous furnaces, low NOx burners.

NOx 250400 mg/Nm?* without
air pre-heating, 3 % O,.
Reduction rates of 60 % for
NOx (and 87 % for CO)

e Combustion air pre-heating by regenerative
recuperative burners or
e Pre-heating of stock by waste gas.

or

Finishing/Qiling

e Extraction hoods followed by mist eliminators and/or

electrostatic precipitators or
¢ Electrostatic oiling.

Levelling and welding

¢ Extraction hoods with dust abatement by fabric filters.

split view on dust level:
<5 mg/Nm?
<20 mg/Nm?

Cooling (machines etc.),

Separate cooling water systems operating in closed loops.

Roll shops

Refer to BATs listed for roll shops in hot rolling.

Metallic by-products

¢ Collection of scrap from cutting, heads and tails and

recirculation into the metallurgical process.

Table 2 continued: Key findings regarding BAT and associated emission/consumption levels for

cold rolling
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Wire Drawing

Wire drawing is a process in which wire rods/wires are reduced in size by drawing them
through cone-shaped openings of a smaller cross section, called dies. The input is usually wire
rod of diameters raging from 5.5 to 16 mm obtained from hot rolling mills in the form of coils.
A typical wire drawing plant comprises the following process lines:

e  Pre-treatment of the wire rod (mechanical descaling, pickling)

* Dry or wet drawing (usually several drafts with decreasing die sizes)

e Heat treatment (continuous-/discontinuous annealing, patenting, oil hardening)
Finishing

The European Union has the world largest wire drawing industry, followed by Japan and North
America. It produces about 6 million tonnes of wire per year. Including the various wire
products, such as barbed wire, grill, fencing, netting, nails etc, the production of the sector
reaches more than 7 million tonnes per year. The European wire drawing industry is
characterised by a large number of medium sized, specialised companies. The industry’s output,
however, is dominated by a few large producers. It is estimated that about 5 % of the companies
account for 70 % of the industry’s output (25 % of the companies for 90 %).

Over the past 10 years, independent wire drawing companies have become increasingly
vertically integrated. Approximately 6 % of the wire drawers in Europe are integrated producers
representing about 75 % of the total production of steel wire [C.E.T].

The largest producer of steel wire is Germany with 32 % (about 1.09 million tonnes) of EU wire
production, followed by Italy (approx. 22 %, 1.2 million tonnes), UK, Benelux (mainly
Belgium), France and Spain.

The main environmental aspects of wire drawing are: air emissions from pickling, acidic wastes
and waste water; fugitive soap dust (dry drawing), spent lubricant and effluents (wet drawing),
combustion gas from furnaces and emissions and lead-containing wastes from lead baths.

For air emissions from pickling, HCl concentrations of 0 - 30 mg/Nm*® were reported. In
continuous annealing and patenting lead baths are used. Generating lead containing wastes,
1 - 15 kg/t for continuous annealing and 1 —10 kg/t for patenting. Reported Pb air emissions for
patenting are < 0.02 — 1 mg/Nm? and Pb concentrations in quench water overflow 2 — 20 mg/I.

For more details and for emission and consumption data for other process steps of wire
drawing, refer to Chapter A.3 where the available data are presented with qualifying
information.

The key findings regarding BAT for individual process steps and different environmental issues
of wire drawing are summarized in Table 3. All emission figures are expressed as daily mean
values. Emissions to air are based on standard conditions of 273 K, 101.3 kPa and dry gas.
Discharges to water are indicated as daily mean value of a flow-rate-related 24-hour composite
sample or a flow-rate-related composite sample over the actual operating time (for plants not
operated in three shifts).

There was consensus in the TWG on the best available techniques and associated
emission/consumption levels presented in the table.
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Best Available Techniques

BAT-associated emission
and consumption levels

Batch pickling

Close monitoring of bath parameters: temperature and
concentration.

Operating within the limits given in Part D/Chapter D.6.1 ‘Open
Pickling Bath Operation’.

For of pickling baths with high vapour emission, e.g. heated or
concentrated HCl-bath: installation of lateral extraction and
possibly treating of the extraction air for both new and existing
installations.

HCI12 - 30 mg/Nm?3.

Pickling

Cascade Pickling (capacity >15 000 tonne wire rod per year) or
Reclamation of free acid fraction and reuse in pickling plant.
External regeneration of spent acid.

Recycling of spent acid as secondary raw material.

Non-acid descaling, e.g shot blasting, if quality requirements
allow it.

Counter current cascade rinsing.

Dry drawing

Enclosing the drawing machine (and connecting to a filter or
similar device when necessary), for all new machines with
drawing speed = 4 m/s.

Wet drawing

Cleaning and reuse of drawing lubricant.

Treatment of spent lubricant to reduce oil content in the
discharge and/or to reduce waste volume, e.g. by chemical
breaking, electrolytic emulsion splitting or ultrafiltration.
Treatment of discharge water fraction.

Dry and wet drawing

Closed cooling-water loops.
Not using once-through cooling water systems.

Batch annealing furnaces, continuous annealing furnaces for stainless steel and furnaces

used in oil hardening and tempering

Burning of the protective gas purge.

Continuous annealing of low carbon wire and patenting,

Good housekeeping measures, as described in chapter A.4.3.7
for the lead bath.

Separate storage of Pb-containing wastes, protected from rain
and wind.

Recycling of Pb-containing wastes in non-ferrous metals
industry

Closed loop operation of quench bath.

Pb <5 mg/Nm?,
CO <100 mg/Nm?
TOC < 50 mg/Nm?,

Qil-hardening lines

Evacuation of the oil mist from quench baths and removal of
the oil mists, when appropriate.

Table 3: Key findings regarding BAT and associated emission/consumption levels for wire drawing

xii
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Part B: Continuous Hot Dip Coating

In the hot dip coating process, steel sheet or wire is continuously passed through molten metal.
An alloying reaction between the two metals takes place, leading to a good bond between
coating and substrate.

Metals suitable for the use in hot dip coating are those which have a melting point low enough
to avoid any thermal changes in the steel product; for example, aluminium, lead, tin and zinc.

The production of continuous hot dip coating lines in the EU was about 15 Mt in1997. The vast
majority of coatings applied in continuous hot dip coating is zinc. Aluminium coatings and,
especially, terne coatings played only a minor role.

Galvanized steel 81 %
Galvannealed steel 4 %

Galfan 4%
Aluminized steel 5%
Aluzinc 5%
Ternex 1%

In general, continuous coating lines for sheet comprise the following steps:
e Surface cleaning by means of chemical and/or thermal treatment

* Heat treatment

e Immersion in a bath of molten metal

*  Finishing treatment

Continuous wire galvanizing plants involve the following steps:
*  Pickling

* Fluxing

* Galvanizing

*  Finishing

Main environmental issues concerning this sub-sector are acidic air emissions, wastes and waste
water; air emissions and energy consumption of furnaces, Zinc-containing residues, oil- and
chrome-containing waste waters.

For detailed emission and consumption data, refer to Chapter B.3 where the available data are
presented with qualifying information.

The key findings regarding BAT for individual process steps and different environmental issues
of continuous hot dip galvanizing are summarized in Table 4. All emission figures are
expressed as daily mean values. Emissions to air are based on standard conditions of 273 K,
101.3 kPa and dry gas. Discharges to water are indicated as daily mean value of a flow-rate-
related 24-hour composite sample or a flow-rate-related composite sample over the actual
operating time (for plants not operated in three shifts).

There was consensus in the TWG on the best available techniques and associated
emission/consumption levels presented in the table.
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Best Available Techniques BAT-associated emission
and consumption levels
Pickling
¢ Refer to the BAT chapter of Part A/Cold rolling Mills.
Degreasing

¢ Cascade degreasing.

* Cleaning and recirculation of degreasing solution; appropriate
measures for cleaning are mechanical methods and membrane
filtration as described in chapter A.4.

e Treatment of spent degreasing solution by electrolytic
emulsion splitting or ultrafiltration to reduce the oil content;
reutilisation of separated oil fraction, e.g. thermally; treatment
(neutralisation etc.) of the separated water fraction.

* Covered tanks with extraction and cleaning of extracted air by
scrubber or demister.

* Use of squeeze rolls to minimize drag-out.

Heat treatment furnaces

e Low-NOx burners. NOx 250 - 400 mg/Nm?
(3% O,) without air pre-
heating

 Air pre-heating by regenerative or recuperative burners. CO 100 - 200 mg/Nm®

¢ Pre-heating of strip.
¢ Steam production to recover heat from waste gas.

Hot dipping

e Separate collection and recycling in the non-ferrous metals
industry for zinc-containing residues, dross or hard zinc.

Galvannealing

¢ Low-NOx burners. INOx 250-400 mg/Nm? (3% O,)
without air pre-heating

* Regenerative or recuperative burner systems.

QOiling

¢ Covering the strip oiling machine or
¢ Electrostatic oiling.

Phosphating and passivation/chromating

¢ Covered process baths.

¢ Cleaning and reuse of phosphating solution.

¢ Cleaning and reuse of passivation solution.

¢ Use of squeeze rolls.

¢ Collection of skinpass/temper solution and treatment in waste
water treatment plant.

Cooling (machines etc.)

* Separate cooling water systems operating in closed loops. ‘

Waste water

e Waste water treatment by a combination of sedimentation, | SS: <20 mg/l
filtration ~ and/or  flotation/  precipitation/flocculation. | Fe: <10 mg/l
Techniques described in Chapter 4 or equally efficient | Zn: <2mg/l
combinations of individual treatment measures (also described | Ni: < 0.2 mg/l
in part D). Cro:  <0.2mg/l

e For existing continuous water treatment plants which only Pb: <0.5mg/l
achieve Zn < 4 mg/l, switch to batch treatment. Sn: <2 mg/l

Table 4: Key findings regarding BAT and associated emission/consumption levels for continuous
hot dip galvanizing
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Aluminizing of Sheet

Most BAT are the same as for hot dip galvanising. However, there is no need for a waste water
treatment plant as only cooling water is discharged.

BAT for heating:
Gas firing. Combustion control system

Lead-Tin Coating of Sheet

Best Available Techniques BAT-associated emission
and consumption levels

Pickling

Enclosed tanks and venting to a wet scrubber, treatment of waste | HCI < 30 mg/Nm?
water from the scrubber and pickling tank.

Nickel plating
» Enclosed process, ventilated to a wet scrubber. ‘
Hot dipping
* Air knives to control coating thickness. |
Passivation
* A no-rinse system and hence no rinse waters. |
QOiling

* Electrostatic oiling machine. |

Waste water

e Waste water treatment by neutralising with sodium hydroxide
solution, flocculation/precipitation.
»  Filter cake de-watering and disposed to landfill.

" daily mean values, standard conditions of 273 K, 101.3 Pa and dry gas

Table 5: Key findings regarding BAT and associated emission/consumption levels for continuous
lead-tin coating of sheet

Ferrous Metals Processing Industry XV




Executive Summary

Coating of Wire

The key findings regarding BAT for individual process steps and different environmental issues
of wire coating are summarized in Table 6. All emission figures are expressed as daily mean
values. Emissions to air are based on standard conditions of 273 K, 101.3 kPa and dry gas.
Discharges to water are indicated as daily mean value of a flow-rate-related 24-hour composite
sample or a flow-rate-related composite sample over the actual operating time (for plants not
operated in three shifts).

There was consensus in the TWG on the best available techniques and associated
emission/consumption levels presented in the table.

Best Available Techniques BAT-associated emission
and consumption levels

Pickling

Enclosed equipment or equipment fitted with hoods and | HCI 2 - 30 mg/Nm’.
scrubbing of extracted air.
* Cascade pickling for new installations above a capacity of
15 000 tonne/year per line.
¢ Recovery of free acid fraction.
¢ External regeneration of spent acid for all installations.
Reuse of spent acid as secondary raw material.

Water consumption

Cascaded rinsing, possibly in combination with other methods
to minimize water consumption, for all new and all large
installations (> 15 000 tonne/year).

Waste water

e Waste water treatment by physico-chemical treatment | SS: <20 mg/l
(neutralisation, flocculation, etc.). Fe: <10 mg/l
Zn: <2 mg/l

Ni: <0.2 mg/l
Cr: <0.2 mg/l
Pb: < 0.5 mg/l
Sn: <2 mg/l

Fluxing

* Good housekeeping with special focus on reducing iron
carry-over and bath maintenance.

* Regeneration of flux baths on site (side-stream iron
removal).

¢  External reutilisation of spent flux solution.

Hot dipping

*  Good housekeeping measures as described in Chapter B.4 | Dust <10 mg/Nm’
Zinc <5 mg/Nm?

Zn-containing wastes

e Separate storage and protection form rain and wind, and
reuse in the non-ferrous metals industry.

Cooling water (after the zinc bath)

Closed loop or reuse of this relatively pure water as make-
up water for other applications.

Table 6: Key findings regarding BAT and associated emission/consumption levels for wire coating
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Part C: Batch Galvanizing

Hot dip galvanizing is a corrosion protection process in which iron and steel fabrications are
protected from corrosion by coating them with zinc. Prevalent in batch hot dip galvanizing is
job galvanizing - also referred to as general galvanizing - in which a great variety of input
materials are treated for different customers. The size, amount and nature of the inputs can
differ significantly. Galvanizing of pipes or tubes which is carried out in semi- or fully-
automatic special galvanizing plants is usually not covered by the term job galvanizing.

The items to be coated in batch galvanizing plants are steel fabrications, such as nails, screws
and other very small items; lattice grates, construction parts, structural components, light poles
and many more. In some cases tubes are also galvanized in conventional batch coating plants.
Galvanized steel is used in construction, transport, agriculture, power transmission and
everywhere that good corrosion protection and long life are essential.

The sector operates with short lead times and short order books to give enhanced service to
customers. Distribution issues are important, and so plants are located close to market
concentrations. Consequently, the industry consists of a relatively large number of plants (about
600 all over Europe), servicing regional markets in order to minimize distribution costs and
increase economic efficiency. Only a few ‘niche’ operators are prepared to transport certain
classes of fabrication for longer distances in order to exploit their special expertise or plant
capability. Opportunities for these specialist operators are limited.

In 1997 the tonnage of galvanized steel was about 5 million. The largest share was produced by
Germany with 1.4 million tonnes and 185 galvanizing plants (in 1997). Second largest producer
was Italy with 0.8 million tonnes (74 plants), followed by UK and Ireland with 0.7 million
tonnes (88 plants) and France 0.7 million tonnes (69 plants).

Batch galvanizing usually comprises the following process steps:

* Degreasing

* Pickling

* Fluxing

* Galvanizing (melt metal coating)
*  Finishing

A galvanizing plant, essentially, consists of a series of treatment or process baths. The steel is
moved between tanks and dipped into the baths by overhead cranes.

The main environmental issues for batch galvanizing are emissions to air (HCI from pickling,
and dust and gaseous compounds from the kettle); spent process solutions (degreasing solutions,
pickling baths and flux baths), oily wastes (e.g. from cleaning of degreasing baths) and zinc-
containing residues (filter dust, zinc ash, hard zinc).

For detailed emission and consumption data, refer to Chapter .3 where the available data are
presented with qualifying information.

The key findings regarding BAT for individual process steps and different environmental issues
of batch galvanising are summarized in Table 7. All emission figures are expressed as daily
mean values. Emissions to air are based on standard conditions of 273 K, 101.3 kPa and dry
gas. Discharges to water are indicated as daily mean value of a flow-rate-related 24-hour
composite sample or a flow-rate-related composite sample over the actual operating time (for
plants not operated in three shifts).

There was consensus in the TWG on the best available techniques and associated
emission/consumption levels presented in the table.
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Best Available Techniques BAT-associated emission
and consumption
Degreasing
¢ Installation of a degreasing step, unless items are totally grease
free.
e Optimum bath operation to enhance efficiency, e.g. by
agitation.

e Cleaning degreasing solutions to extend lifespan (by
skimming, centrifuge, etc.) and recirculation, reutilization of
oily sludge or

* 'Biological degreasing' with in situ cleaning (grease and oil
removal from degreaser solution) by bacteria.

Pickling + stripping:

* Separate pickling and stripping unless a downstream process
for the recovery of values from “mixed” liquors is installed on
site or is available through a specialist external contractor.

* Reuse of spent stripping liquor (external or internal e.g. to
recover fluxing agent).

In case of combined pickling and stripping:

¢ Recovery of values from “mixed” liquors, e.g. use for flux
production, recovery of acid for re-use in the galvanizing
industry or for other inorganic chemicals

HCI pickling

¢ Close monitoring of baths parameters: temperature and
concentration.

e Operating within the limits given in Part D/Chapter D.6.1
‘Open Pickling Bath Operation’.

e If heated or higher concentrated HCl-baths are used:
installation of extraction unit and treatment of extracted air | HC1 2 —30 mg/Nm?
(e.g. by scrubbing).

¢ Special attention to actual pickling effect of bath and use of
pickling inhibitors to avoid over-pickling.

* Recovery of free acid fraction from spent pickle liquor or
external regeneration of pickling liquor.

e Znremoval from acid.

» Use of spent pickle liquor for flux production.

* Not using spent pickle liquor for neutralisation

* Not using spent pickling liquor for emulsion splitting

Rinsing

¢ Good drainage between pre-treatment tanks.

¢ Implementation of rinsing after degreasing and after pickling.

» Static rinsing or rinsing cascades.

¢ Reuse of rinse water to replenish preceding process baths.
Waste water-free operation (in exceptional cases where waste
water is generated, waste water treatment is required).

Table 7: Key findings regarding BAT and associated emission/consumption levels for batch
galvanizing
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Best Available Techniques BAT-associated emission
and consumption

Fluxing

¢ Control of bath parameters and the optimised amount of flux
used are also important to reduce emission further down the
process line.

* For flux baths: internal and external flux bath regeneration.

Hot dipping

» Capture of emissions from dipping by enclosure of the pot or | Dust <5 mg/Nm®
by lip extraction and dust abatement by fabric filters or wet
scrubbers.

¢ Internal or external reuse of dust, e.g. for flux production. The
recovery system should ensure that dioxins, which may
occasionally be present at low concentration due to upset
conditions in the plant, do not build up as the dusts are
recycled.

Zn-containing wastes

* Separate storage and protection form rain and wind, and reuse
of contained values in the non-ferrous or other sectors.

Table 7 continued: Key findings regarding BAT and associated emission/consumption levels for
batch galvanizing
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PREFACE

1. Status of this document

Unless otherwise stated, references to “the Directive” in this document means the Council
Directive 96/61/EC on integrated pollution prevention and control.

This document forms part of a series presenting the results of an exchange of information
between EU Member States and industries concerned on best available techniques (BAT),
associated monitoring, and developments in them. It is published by the European Commission
pursuant to Article 16(2) of the Directive, and must therefore be taken into account in
accordance with Annex IV of the Directive when determining “best available techniques”.

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

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

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

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

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

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

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

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

Competent authorities responsible for issuing permits are required to take account of the general
principles set out in Article 3 when determining the conditions of the permit. These conditions
must include emission limit values, supplemented or replaced where appropriate by equivalent
parameters or technical measures. According to Article 9(4) of the Directive, these emission
limit values, equivalent parameters and technical measures must, without prejudice to
compliance with environmental quality standards, be based on the best available techniques,
without prescribing the use of any technique or specific technology, but taking into account the
technical characteristics of the installation concerned, its geographical location and the local
environmental conditions. In all circumstances, the conditions of the permit must include
provisions on the minimization of long-distance or transboundary pollution and must ensure a
high level of protection for the environment as a whole.

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

3. Objective of this Document

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

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

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

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

4. Information Sources

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

5. How to understand and use this document

The information provided in this document is intended to be used as an input to the
determination of BAT in specific cases. When determining BAT and setting BAT-based permit
conditions, account should always be taken of the overall goal to achieve a high level of
protection for the environment as a whole.
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The rest of this section describes the type of information that is provided in each section of the
document.

In each of the sections A, B and C, Sub-chapters 1 and 2 provide general information on the
industrial sector concerned and on the industrial processes used within the sector.

Sub-chapters 3 provides data and information concerning current emission and consumption
levels reflecting the situation in existing installations at the time of writing.

Sub-chapters 4 describe in more detail the emission reduction and other techniques that are
considered to be most relevant for determining BAT and BAT-based permit conditions. This
information includes the consumption and emission levels considered achievable by using the
technique, some idea of the costs and the cross-media issues associated with the technique, and
the extent to which the technique is applicable to the range of installations requiring IPPC
permits, for example new, existing, large or small installations. Techniques that are generally
seen as obsolete are not included.

Sub-chapters 5 present the techniques and the emission and consumption levels that are
considered to be compatible with BAT in a general sense. The purpose is thus to provide
general indications regarding the emission and consumption levels that can be considered as an
appropriate reference point to assist in the determination of BAT-based permit conditions or for
the establishment of general binding rules under Article 9(8). It should be stressed, however,
that this document does not propose emission limit values. The determination of appropriate
permit conditions will involve taking account of local, site-specific factors such as the technical
characteristics of the installation concerned, its geographical location and the local
environmental conditions. In the case of existing installations, the economical and technical
viability of upgrading them also needs to be taken into account. Even the single objective of
ensuring a high level of protection for the environment as a whole will often involve making
trade-off judgements between different types of environmental impact, and these judgements
will often be influenced by local considerations.

Although an attempt is made to address some of these issues, it is not possible for them to be
considered fully in this document. The techniques and levels presented in sub-chapters 5 will
therefore not necessarily be appropriate for all installations. On the other hand, the obligation to
ensure a high level of environmental protection including the minimization of long-distance or
transboundary pollution implies that permit conditions cannot be set on the basis of purely local
considerations. It is therefore of the utmost importance that the information contained in this
document is fully taken into account by permitting authorities.

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

Edificio Expo-WTC, C/Inca Garcilaso, s/n, E-41092 Seville — Spain
Telephone: +34 95 4488 284 Fax: +34 95 4488 426
e-mail eippcb@)jrc.es

Internet: http://eippcb.jrc.es
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Scope

The scope of this work on Ferrous Metal Processing is closely linked to the scope of the earlier
work on Primary and Secondary Iron and Steel which covered the iron and steel production to
the casting process. Starting with the semi-finished products ingots, slabs, blooms and billets
obtained from ingot casting or continuous casting the further manufacturing steps, like hot
rolling, cold rolling and drawing, hot dip metal coating and the related pre- and after treatment
of the shaped steel products, will be covered.

Section 2.3 a of Annex I to Directive 96/61/EC only explicitly names hot rolling mills
(> 20 t/h), but cold rolling mills and associated processes, like pickling and degreasing, will also
be covered.

Section 2.3 c of the Annex refers to protective smelt metal coats (>2 t/h). No distinction is made
between continuous hot dip coating of steel and the hot dip coating of fabricated steel products.
Therefore batch hot dip coating of steel fabricates, known as general galvanizing, is part of the
work.

Smitheries and ferrous metal foundries (Section 2.3 b and 2.4 of Annex I) are not included in
this work and neither are electroplating nor organic coating of steel.

Main operational steps regarding continuous processing that will be covered are:

* Reheating and heat treatment of input materials, like slabs, blooms, billets and ingots.
*  Surface rectification and preparation processes:
scarfing, grinding, descaling, degreasing, pickling
* Shaping of steel: rough milling, hot rolling, cold rolling, drawing.
*  Processes yielding in special material or product qualities:
annealing, temper rolling/skin pass rolling

* Hot dip metal coating and finishing.

Regarding batch hot dip coating of fabricated steel products the following operational steps
will be addressed:

*  Surface preparation of fabricated steel: degreasing, rinsing, pickling, fluxing, drying.
*  Coating with molten metal.

e After treatment/finishing: cooling, greasing.

This BREF document consists of 4 Parts (A — D). Parts A to C cover the different industrial
sub-sectors of the Ferrous Metals Processing sector: A, Hot and Cold Forming; B, Continuous
Coating; C, Batch Galvanizing. This structure was chosen because of the differences in nature
and scale of the activities covered by the term FMP.

Part D does not cover an industrial sub-sector. It comprises the technical descriptions of a
number of environmental measures which are techniques to be considered in the determination
of BAT in more than one sub-sector. This was done to avoid repetition of technical descriptions
in the three Chapters 4. These descriptions have to be viewed always in connection with the
more specific information, referring to the application in individual sub-sectors, which is given
in the relevant Chapter 4.
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A1 GENERAL INFORMATION ON HOT AND COLD
FORMING

The hot and cold forming part of the ferrous metal processing sector comprises different
manufacturing methods, like hot rolling, cold rolling and drawing of steel. A great variety of
semi-finished and finished products with different lines of production is manufactured.

Literature dealing with the ferrous metals sector uses different ways of splitting and structuring
the sector and for delivering data. Some reports distinguish with regard to the forming process:
hot - cold; or with regard to the shape of the final product: flat - long.

Others (e.g. NACE ') separate in groups: iron and steel production (including most of the hot
and cold rolled products as well as continuous coated strip), manufacture of steel tubes and
'other first processing of steel' (cold drawing, cold rolling of narrow strip, wire drawing etc.).

To put together general information on the sector, statistical data (productivity, number/ size of
plants, distribution etc.) and economic information is difficult as most of the available sources
for data use different basis and different splitting of the sector, thus making it impossible to
compare the given data.

To present the general information on the hot and cold forming sector in this BREF, an outline
in accordance with the manufactured products; as is shown in Figure A.1-1, was chosen.

Hot and Cold Forming
of Ferrous Metals

Figure A.1-1: Hot and Cold Formed Products covered by this BREF

! General industrial classification of economic activities within the European Community
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A1.1

Hot Rolled Flat Products

The total production of hot rolled (HR) products in the EU decreased from 131.7 million tonnes
in 1994 [EGKS95] to 127.8 million tonnes in 1996 [Stat97]. Roughly, 62 % of these HR
products fall into the category: flats with an annual production of 79.2 million tonnes. Table
A.1-1 presents production data for individual flat products for each Member State in 1996.

HR Wide Flats HR Narrow HR Wide HR Plate Total HR Flat
Strip Strip Products
[1000 t] [1000 t] [1000 t] [1000 t] [1000 t]
Austria 0 0 2621 340 2961
Belgium 0 0 9350 566 9916
Denmark 0 0 0 388 388
Finland 0 0 1670 576 2246
France 1 0 9871 845 10717
Germany 103 623 19138 2748 22612
Greece 0 9 346 4 359
Ireland 0 0 0 0 0
Italy 185 48 8061 1385 9679
Luxembourg 0 0 0 0 0
Netherlands 0 0 4136 15 4151
Portugal 0 0 0 0 0
Sweden 46 32 2832 569 3479
Spain 0 190 3385 575 4150
UK 88 145 7396 958 8587
Total 423 1047 68806 8969 79245

Reference year 1996

Table A.1-1: Production of Flat Products in EU 15 in 1996

[Stat97]

Regarding the total production of HR flats, Germany is the largest manufacturer with more than
double the production of the follow-up producers (France, Belgium, Italy and UK). The vast
majority of HR flat products is wide strip.

Beginning of 1993 74 production units for flats were in operation in EU 12. Number and size of
these plants are given in Table A.1-2.

Total number Total average hourly | Number of plants with
of plants technical capacity an average hourly
[t/h] technical capacity
over 20t/h
Narrow Strip Mills 17 45 15
Wide Strip Mills 25 474 25
Heavy and Medium 32 109 23
Plate Mills
Sheet Mills 7 12
Universal Flat Mill 2 31
Re-rolling Mills for 8 677
Hot Wide Strip

Table A.1-2: Size distribution of Flat Product manufacturing facilities

[EUROSTAT]
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A1.2

Hot Rolled Long Products

The remaining 38 % of HR products are categorized as long products. Production figures for all
Members States are given in Table A.1-3.

Track Heavy sections/ | Reinforcing | Merchant | Wirerod | HR Long
Material profiles Steel Bars Bars Products
[1000 t] [1000 t] [1000 t] [1000 t] [1000 t] [1000 t]

Austria 238 0 159 90 389 876
Belgium 0 61 8 174 805 1048
Denmark 0 0 58 158 0 216
Finland 1 0 91 210 294 596
France 255 303 923 1215 1766 4462
Germany 243 1914 1566 1287 5268 10278
Greece 0 0 635 56 197 888
Ireland 0 311 0 0 0 311
Italy 106 927 3725 3538 3270 11566
Luxembourg 55 1255 282 260 463 2315
Netherlands 0 0 453 0 152 605
Portugal 0 0 523 0 138 661
Sweden 48 17 128 587 107 887
Spain 64 1180 2315 1381 1883 6823
UK 211 1951 650 2071 2147 7030
Total 1221 7919 11516 11027 16879 48562

Table A.1-3: Production of Long Products in EU 15 in 1996

[Stat97]

The two major manufacturing countries are Italy and Germany followed by UK and Spain. The
largest part of the long products sector in tonnage terms is the production of wire rod which
stands for roughly a third of the total production followed by reinforcing bars and merchant bars
with an approximate share of one quarter of the production each.

Table A.1-4 compiles the size distribution for the long product manufacturing facilities. In 1993

a total of 306 units were in operation.

Hourly technical <20 |20-39|40-59(60-79|80-99|100-119|120—-139 | >=140 | Total
capacity (HTC) [t/h]

Long Products” 89 56 53 44 28 14 10 12 306
Heavy Sections only 3 2 5 4 3 6 1 3 27
Wire Rod only 4 7 7 8 5 3 2 3 39
Wire rod + reinforcing 0 3 3 2 4 0 4 3 19
bars in coils

HTC [t/h] <30 |30-49|50-69|70-89| >=90 Total
Heavy Sections + 3 2 4 3 1 13
Merchant Bars

HTC [t/h] <20 |20-39|40-59|60-79]80-89| >=90 Total
Merchant Bars only 55 12 12 7 2 1 89
HTC [t/h] <20 | 20-39 |40-59|60-79|80-99]100 - 149 Total
Merchant Bars + 3 5 4 2 7 2 23
Reinforcing Bars in

length

“except extrusion presses, forging machinery and sheet piling profiling lines.

Table A.1-4: Size distribution of Long Product manufacturing facilities

[EUROSTAT]
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A1.3 Tubes

With a production accounting for 20.9 % of the world's total production, the EU is the largest
manufacturer of steel tubes followed by Japan and the U.S. The European steel tube industry
has a highly concentrated structure. Five countries - Germany, Italy, France, United Kingdom
and Spain - account for roughly 90 % of the total EU production. In some countries, a single
company can account for 50 % or more of the national output. In addition to the major
integrated steel tube manufacturers (mainly producing welded tubes), there are a relatively large
number of small and medium-sized firms that are independent. Some manufacturers, often small
in tonnage terms, operating in high value added markets, concentrate on the manufacture of
special dimensions and grades of tubes according to particular customer specifications. At the
end of 1994, there were 280 production units in the EU belonging to an estimated 245
enterprises. Of these, 67 were specialised in cold drawing of seamless or welded tubes. [Pan97]

Statistical information from the European Steel Tube Association -for 1994 and the EU 12 -
refer to 252 production sites belonging to estimated 193 companies. [CEAM]

Steel tubes cover three product categories, which differ considerably in manufacturing process,

raw materials, and investment requirements. These categories are classified as:

e Seamless tubes.

¢ Welded steel tubes of circular cross-section over 406.4 mm in outside diameter.

¢ Welded steel tubes of circular cross -section up to and including 406.4 mm in outside
diameter together with welded steel tubes of non-circular cross-section of any perimeter.

It should be noted that sometimes tubes of different categories (e.g. seamless and welded tubes)
and of different grade (e.g. commercial grade, high quality) are manufactured in the same mill.

About 26.4 % of the tubes produced are seamless tubes, of the remaining 73.6 % welded tubes
about 18.9 % are of large diameter. The major part of the total steel tube sector is small
diameter tubes with a share of 54.7 %. [CEAM]

Table A.1-5 shows the steel tube production and number of sites and number of employees for
individual Member States.

Seamless Welded Steel Total Steel Number of | Number of
Steel Tubes Tubes Tubes Production | Employees
[1000 t]' [1000 t]' [1000 t]’ sites’ 2

Austria 234 255 489 N/A N/A
Belgium --- 118 118 3 554
Denmark --- 60 60 4 1100
Finland --- 330 330 N/A N/A
France 566 834 1400 32 8785
Germany 1295 1991 3286 65 22774
Greece N/A N/A N/A 26 840
Ireland N/A N/A N/A 1 45
Italy 711 2508 3219 49 9050
Luxembourg --- 95 95 N/A N/A
Netherlands --- 393 393 5 775
Portugal --- --- — 2 380
Sweden 131 90 221 N/A N/A
Spain 242 662 904 29 4200
UK 73 1215 1288 36 6325
Total 3252 8551 11803 252 54828

" reference year 1996
? reference year 1994

Table A.1-5: Steel Tube production, number of plants and employees

[CEAM]
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As can be seen in Table A.1-6, welded steel tube producing plants are predominantly small and
medium sized plants with only 22 out of 161 plants having more than 500 employees. With
seamless tube producing plants this effect is not as obvious, as 13 out of 32 plants can be
characterized as large plants.

Number of Companies
Small Plants Medium Large Total
(<100 °7) (100 - 499" (500 - 999%) | (>1000%)

Seamless tubes 5 14 6 7 32
Welded Steel 78 61 14 8 161
Tubes:
Welded Tubes
OD> 406.6mm 6 17 2 2 27
Welded Tubes
OD< 406.4mm 72 44 12 6 134

Total 83 75 20 15 193

"Number of Employees

Table A.1-6: Number and size of tube plants in 1994
[CEAM]

A14 Cold Rolled Flat Products

The total production of cold rolled products in 1994 was 39.7 million tonnes in EU 15.
Production of stainless and electrical sheet stood at 2.3 and 1.14 million tonnes respectively,
representing 6.4 % and 3.2 % of the total. [EGKS95]

Cold rolled wide strip

Cold rolled sheets and plates production was 39.6 millions tonnes in 1996. [EUROFER CR]
Table A.1-7 gives the production of cold rolled sheet and strip for individual Member States.
The number and production capacity for different cold rolling mills in the EU is shown in.

Table A.1-8.

Production of Cold Rolled Sheet and Strip
[1000 t]

Austria 1289
Belgium 3852
Denmark 0
Finland 890
France 6296
Germany 10615
Greece 380
Ireland 0
Italy 4271
Luxembourg 336
Netherlands 2088
Portugal 202
Sweden 1174
Spain 3093
UK 4026
Total 38512

Table A.1-7: CR Sheet and Strip production in 1996

[Stat97]
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Number of Average Hourly Scheduled for
Mills Technical capacity | Close-down after
[t/h] 1993

Wide Strip Tandem Mills 44 138 2

Wide Strip Reversing 36 31 --
Quatro High Mills

Wide Strip Multiple- 43 16 --
Cylinder Cold Mills

Skin Pass Mills 91 63 4

Table A.1-8: Number and nominal capacity of CR Mills
[EUROSTAT]

Cold rolled (narrow) strip

The number of companies declined from 166 in 1989 to 141 in 1995 with 61 plants in Germany,
22 in Italy, 16 in UK, 15 in Belgium/Luxembourg, 13 in France, 10 in Spain, 2 in Greece, 1 in
Portugal and 1 in Netherlands. Production in the EU was 2.98 million t in 1994. [Pan97]

Cold rolled strip production can be divided into different production sectors: cold rolling narrow
hot strip with a width of less than 500 mm (further referred to as CR strip) and cold rolling wide
hot rolled sheet and subsequent slitting (further referred to as slit strip). Around two thirds of
the total narrow strip requirement in the EU is produced by slitting wide sheet. [Bed95]

The cold rolled strip industry in the EU (15) is both concentrated and fragmented. The largest
10 companies account for 50 % of the production while another 140 companies account for the
remaining 50 %. The structure of the sector is marked by national differences in company size
and industry concentration. For example in France, small companies are producing specialist
high value strip products whilst in Spain a significant number of larger companies is producing
lower value strip. Most of the largest companies are situated in Germany, which is dominating
the market with about 57 % of the EU (15) production (1.57 million tonnes in 1994). The

majority of companies, however, can be classified as small or medium-sized enterprises.
[Bed95]

The distribution and average size of companies in the EU is given in Table A.1-9.

Number of CR | Average Production per | Average Number of
Strip Producers Company [1000 t] Employees
Germany 60 26 167
Italy 22 18 58
UK 16 13 73
Spain 10 18 80
France 13 7 80
Rest of the EU 30 11 70
Total EU (15) 151 18 109

Reference year 1994

Table A.1-9: Distribution and average company size of Cold Rolling Strip plants
[Bed95]

The production of cold rolled strip in EU (15) for 1994 was estimated to be 2.77 million tonnes
with
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. 2.09 million tonne of non-alloy steel strips (C-content < 0.25 %)
. 0.46 million tonne of non-alloy steel strips (C-content > 0.25 %)
. 0.12 million tonnes of coated steel strip.

. 0.10 million tonnes of HSS and other alloy strips.

A breakdown of the total strip production (CR rolled strip and slit strip) by countries is given in
Table A.1-10, Figure A.1-2 and Figure A.1-3.

CR Strip Production | Slit Strip Production | Total Strip production
[1000 t] [1000 t] [1000 t]
Germany 1570 1950 3520
Italy 390 900 1290
UK 210 500 710
Spain 180 330 510
France 90 900 990
Rest of EU: 320 970 1290
Sweden 140
Benelux 100
Greece 30
Portugal 30
Finland 10
Austria 10
Total 2760 5550 8310
Reference year 1994
Table A.1-10: Production of CR strip and slit strip
[Bed95]
CR Strip Production [million tonnes]
Rest of EU:
12%
France
3%
Spain O Germany
7% Ml ltaly
United Kingdom O United Kingdom
8% Germany OSpain
56% B France
Italy ORest of EU:
14%

Figure A.1-2: CR Strip production in 1994
[Bed95]
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Slit Strip Production [million tonnes]

Rest of EU:
17%

Germany O Germany
36% M Italy
France O United Kingdom
16% OSpain
Spain B France
6% ORest of EU:

United Kingdom Italy

9% 16%

Figure A.1-3: Slit strip production
[Bed95]

A1.5 Cold Drawn Long Products/ Bright Steel Bars

The production of bright steel bars in the EU was about 2.4 million tonnes in 1994. The number
of companies declined from 154 in 1988 to 130 in 1995 with a number of 46 companies in
Germany, 26 in Spain, 25 in Italy, 15 in United Kingdom, 14 in France, 2 in Portugal, 1 in
Denmark and 1 in Belgium. Bright steel bars are used by industries such as the manufacture of
motor vehicles, machinery, electrical goods and other industries, where high quality basic
material is compulsory. [Pan97]

A.1.6 Wire

The European Union has the world largest wire drawing industry, followed by Japan and North
America. It produces about 6 million tonnes of wire per year. Including the various wire
products, like barbed wire, grill, fencing, netting, nails etc, the production of the sector reaches
more than 7 million tonnes per year. The European wire drawing industry is characterised by a
large number of medium sized, specialised companies with an average of 121 employees and an
annual turnover of ECU 13.7 million per company. The industry’s output, however, is
dominated by a few large producers. It is estimated that about 5 % of the companies account for
70 % of the industry’s output (25 % of the companies for 90 %).

Over the past 10 years, independent wire drawing companies have become increasingly
vertically integrated. Downstream wire drawing and producing finished wire products have
shown a high degree of integration, but also upstream there has been some integration between
steel making and wire rod producing industries and wire drawing. Approximately 6 % of the
wire drawers in Europe are integrated producers representing about 75 % of the total production
of steel wire [C.E.T].

The largest producer of steel wire is Germany with 32 % of the wire production followed by
Italy (approx. 22 %), UK, Benelux (mainly Belgium), France and Spain. Other Member States
which have a small wire drawing industry are Sweden, Austria, Greece and Portugal. The
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distribution of wire drawing installations in EU, size and number of plants for individual
Member States is given in Table A.1-11.

Wire Production | Wire Products | Number of | Average number of

[1000 t]' [1000 ] plants’ employees per plant’
Austria 120 115 2 N/A.
Benelux 619 246 20 325
Denmark N/A. N/A. N/A. N/A.
Finland N/A. N/A. N/A. N/A.
France 406 102 36 136
Germany 1908 89 85 125
Greece 140 60 2 N/A.
Ireland N/A. N/A. N/A. N/A.
Italy 1250 300 74 58
Portugal 82 30 2 N/A.
Sweden 135 63 11 85
Spain 463 138 26 N/A.
UK 735 105 25 110
Total 5858 1248 283 121

" reference year 1996
2 reference year 1994

Table A.1-11: Wire drawing industry in the EU
[C.E.T.] [Euro-Strategy]
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A.2 APPLIED PROCESSES AND TECHNIQUES IN HOT AND
COLD FORMING

Hot and cold forming activities covered in this BREF are hot rolling, cold rolling and drawing
of steel.

A.2.1 Hot Rolling Mills
A.21.1 Process Overview

In hot rolling the size, shape and metallurgical properties of the steel slabs, blooms, billets or
ingots are changed by repeatedly compressing the hot metal (temperature ranging from 1050 to
1300 C°) between electrically powered rollers. The steel input for hot rolling differs in form
and shape, depending on the process route and on the product to be manufactured:

Cast ingots, predominantly with square cross section, are used for the manufacture of slabs and
blooms on slabbing-/ blooming mills. Slabs and blooms are further processed to plates or strips
on other rolling mills. Nowadays, the use of cast ingots and slabbing/blooming is decreasing as
continuous casting has made this step obsolete. Approximately 93.7 percent (1995) of the crude
steel produced in Europe is cast continuously into semi-finished products such as slabs, blooms
or billets. Only a minor part is cast into discrete moulds to produce ingots for some special
products (e.g. heavy plates).

Slabs (400 up to 2500 mm wide and 40 to 500 mm thick) are semi-finished, continuous cast
products for the rolling of flat products.

Billets (of square or rectangular shape with cross sections of 2500 mm® to 14400 mm? (50 x 50
mm to 120 x 120 mm)) and blooms (of square or rectangular shape with cross sections of 14000
mm? up to approx. 100000 mm? (120 x 120 mm up to 250 x 400 mm)) are semi-finished
continuous cast products used for the rolling of long products.

Beam blanks (with dimensions of 170 x 240 mm up to 500 x 1120 mm) are continuously cast
to near net shape. Beam blanks are used for rolling of long products. [EUROFER HR]

Hot rolling mills usually comprise the following process steps:

¢ Conditioning of the input (scarfing, grinding).

¢ Heating to rolling temperature.

¢ Descaling.

* Rolling (roughing including width reduction, rolling to final dimension and properties).
*  Finishing (trimming, slitting, cutting).

Products obtained from hot rolling are usually classified in two basic types according to their
shape: flat and long products. Tubes, are also covered by the term 'long product' in this
document.

Figure A.2-1 shows an overview of products manufactured for various purposes and
applications.
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T e

Figure A.2-1: Overview of Hot Rolled Products
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Hot rolling mills are classified by the type of product that they produce and by their design
features. The following chapters give an inside on the different mill layouts and manufacturing
sequences. More detailed information on the individual processing steps, which are often
similar in different mills, is given thereafter.

A21.1.1 Blooming/Slabbing Mills

Blooming and slabbing mills are used to roll cast ingots into semi-finished products, like
blooms and slabs, for further processing on other mills. The raw material is heated in soaking
pits to ca. 1300 ° C and subsequent formed on heavy two-high reversing stands in 15 - 30 rolling
passes.

The material to be rolled is moved along roller tables, positioned with the aid of manipulators,
and fed into the roll gap. The material is rotated repeatedly by 90 ° about its long axis during the
series of passes.

The main difference between blooming and slabbing stands is the greater height of the stands
used for rolling slabs. This is associated with the product characteristics, as slabbing mills are
mainly used to roll flat semi-finished products they require a bigger lift height of the upper rolls.

Another rolling system is the universal slabbing stand. Working pairs of rolls are arranged
horizontally and vertically in succession. The vertical rolls form the narrow sides.

The rolled semi-finished products are cropped with shears at both ends, and divided into
ordered lengths. Surface defects of the product maybe removed by flame deseaming (scarfing).
[Ullmann’s]

With the growth of continuously cast products, the number and importance of slabbing and
blooming mills has decreased. From 1988 the number dropped by 18 to a total of 67 in 1993
(see Table A.2-1)

Number of Plants Average capacity [t/h]
Blooming Mills 13 85
Blooming and billeting 8 84
Blooming and slabbing 13 187
Blooming, slabbing, billeting 6 109
Slabbing (only) mills 5 284
Billeting (only) mills 20 83
Billeting and slabbing mills 2 122
Total 67 122

Table A.2-1: Semi-finished product mills
[EUROSTAT]

A.2.1.1.2 Hot Strip Mills

For the production of hot strip, the heated slab - after descaling - passes the roughing mill,
where it is reduced from a thickness of approx. 120 - 300 (500) mm to approx. 20 - 50 mm
(transfer bar). Roughing can also include a reduction in width.

This roughing is done either in several passages through an individual rolling stand by repeated
reversing, or in a continuous passage through several roughing stands. The designations of strip
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mills (semi-continuous hot strip mill, 3/4 continuous hot strip mill and continuous hot strip mill,
see Figure A.2-2) originate from this plant configuration.

=
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Furnaces E1 R FO F1 F2 F3 F4 F5 F6

Typical configuration of semi-continuous hot strip mill

= =, & £ @ p A
S
Furnaces E1 R1 R2 R3 FO F1 F2 F3 F4 F5 F6

Typical configuration of 3/4 continuous hot strip mill

-

— = e 2 D L OO0
Sy

Furnaces E1 R1 R2 R3 R4 FO F1 F2 F3 F4 F5 F6

Typical configuration of fully continuous hot strip mill

E= Edger R=Roughing stand  F= Finishing stand

Figure A.2-2: Typical designs for Hot Strip Mills
[EUROFER HR]

The material reduced to a transfer bar is directed to the finishing train via an intermediate roller
table, which in some cases is combined with a so-called coil box. Before entering a train of
rolling stands for thickness reduction to the final size (between 1.2 and approx. 20 mm) the
transfer bar is cropped. Temperature controlled rolling in the finishing train, involving
controlled strip cooling installed at the delivery roller table, provides the requested
technological parameters (strength, toughness, etc.) of the hot strip. At the end of the rolling
mill the finished product is wound up in a coil.

Hot strip, which is not foreseen for further processing in the cold mills is partly sold with rolled
strip edges, but depending on the planned external use the strip has to be conditioned. This coil
finishing includes side trimming, cutting to small bands on slitting lines and cutting into sheets.
[EUROFER HR]
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Steckel Mill

A special method of hot strip production is rolling in so-called STECKEL mills.

Here the

prematerial is usually processed into strip by reversing through a roughing stand and a finishing
stand, in some cases even by reversing through one stand only.

=

Furnaces
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o

N

R

/; QO
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F1
Steckel Mill

0

E= Edger

R= Roughing stand

F= Finishing stand

Figure A.2-3: Typical STECKEL Mill configuration

[EUROFER HR]

To keep the heat losses during the rather long forming process within reasonable limits and to
handle the relatively long strip more easily, heated coiling devices referred to as STECKEL
coilers are attached on both sides of the rolling stand (finishing stand), where the rolled stock is

temporarily stored.
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Figure A.2-4: STECKEL Mill with coiling furnaces
[EUROFER HR]
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Sendzimir Planetary mill

Mills of this type are characterised by the use of rotating backup rolls which drive the work rolls
so that the surface of the latter move in a direction opposite to that of the workpiece. The work
rolls are held in cages, which rotate around the backup rolls in a synchronised manner. To
facilitate the use of thicker ingoing material (slabs) planetary mills may be assisted by attached
eccentric presses.

Special kinds of planetary mills are the single planetary mill - only the bottom roll set is
designed as planetary type and either a rotating top roll or fixed die is arranged above passline -
and the ‘Krupp-Platzer’ planetary mill where intermediate rolls are arranged between the work
rolls and backup roll. [EUROFER HR]

Material
+—— travel

Normal flow
of material

x == 3

Planetary  Planishing

Descaler mill mill Upcoiler
—) , O
= 2 = njﬁ oo af /‘,{/
il 1 Runout
rolls table

Gas fired furnace Tension
roll

Figure A.2-5: Planetary Mill (SENDZIMIR)
[EUROFER HR]

A2113 Plate Mills

Production of heavy plates (thickness between 5.0 and 380 mm, width up to 5.2 m) is done by
reversing operation at one mill stand or in tandem operation.

After rolling, the plates are placed on a cooling bed (cross transfer) and cooled to room
temperature and/or temperatures down to max. 500°C for further processing. [EUROFER HR]
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Figure A.2-6: Typical Plate Mill configuration
[EUROFER HR]

In special cases the rolled product is heat treated by water cooling systems (e.g. water curtains)
immediately after hot rolling. Hot and/or cold levellers are arranged in front or behind the
cooling bed to straighten the plates.

After the cooling process on the cooling bed, secondary treatment of the sheets is performed in
the finishing shops (shearing, side trimming cutting to length). A part of the production is
subjected to a subsequent heat treatment prior to shipment. Such treatments include annealing,
spherodise annealing, stress relieving, normalising, quenching and tempering.

Clads

Special products such as multi-layer plates (clads) require a separate preparation and rolling
technique (mainly a two-heat rolling operation). In such products, a corrosion-resistant surface
material is permanently bonded to lower-cost, possibly stronger, carbon steel.

The first step involves the fabrication of ‘sandwiches’ which consist of plates of the cladding
and the backing materials with thickness in the exact proportion to produce the required plate
size with the percentage of metals ordered. The assembly is then rolled to the desired gauge,
width and length, with the two materials becoming permanently bonded because of the high
rolling pressure.

In the rolling operation, drafts are usually limited and the finishing temperatures are carefully
controlled. In some cases the sandwiches are rolled in a first stage into slabs, cut to required
sizes and in a second heat, final rolled either on hot strip mills or on the plate mill. Sometimes
heat treatments are required to produce the desired corrosion resistance and physical properties,
the resultant scale being removed by sand- or shot blasting. [EUROFER HR]

A21.1.4 Bar and Rod Mills

Bars and rods (wire rods) constitute hot rolled products of relatively small cross sections
produced in coiled or straight form. For the rolling operation profiled rolls are in use to give the
steel its desired final shape.

Wire rods

Wire rods generally have circular cross sections with a diameter of 5 to 14 mm. Larger cross
sections and different section shapes such as oval, square, hexagonal, octagonal etc. Can also be
rolled on wire rod mills with adequately shaped rollers. Hot rolled wire rod is mainly used for
further processing by cold drawing or cold rolling.
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Figure A.2-7: Typical layout of a Wire Rod Mill
[EUROFER HR]

The billets fed into rod mills are heated to hot rolling temperature in pusher or walking beam
furnaces. A descaling system is installed between the furnace exit and the first rolling stand.

Rod mills are continuous mills with roughing, intermediate and finishing sections. The rolling
stands are 2-high and their number is generally in excess of 25, depending on the cross section
of the billets feeding the mill (80 to 155 mm). Roughing and intermediate sections may be
multi-strand (up to 4 strands), while finishing sections are always single stranded.

Crop shears are installed between the different sections of the mill and are used to provide a
clean cut for improved introduction into the following roll stand. Crop shears are also used to
cut the bar engaged into the rolling process in case of an incident downstream in the mill.

In-line heat treatment of the wire rod is performed with water cooling ramps located between
the final rolling stands and the coilers, followed by air cooling of the coils laid on conveyor
belts. Controlled air-flow gives the wire rod the desired micro-structure for further processing
(STELMOR" cooling). [EUROFER HR]

Bars

Hot rolled bars include basically two types of steel products, merchant steels or engineering
steels with round, square, rectangular, hexagonal, octagonal, L-shaped, [-shaped, I-shaped
cross sections smaller than 1600 mm” and concrete reinforcing bars (re-bars) with round cross
sections, 6 to 40 mm diameter, mostly with ribs on their surface.

Bar rolling mills are similar to the first sections of wire rod rolling mills. They have generally
single strand 2-high mills with roughing, intermediate and finishing groups followed by shears
that cut the hot rolled product to long bars, which are then conveyed to a cooling bed. High
capacity mills are all continuous with alternating horizontal and vertical stands, while the front
groups of lower capacity mills are of the ‘open’ type.

After cooling the bars are cut to commercial lengths and may be straightened at a cold
straightening machine.

Re-bars are often heat-treated in-line by intensive water-cooling to obtain high tensile strength
(TEMPCORE" process). A different way for increasing the tensile strength of re-bars is a
mechanical treatment after cooling: The bars are deformed by torsion beyond their yield
strength until the desired tensile strength is obtained. [EUROFER HR]
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Cold Drawing of Steel Bars

Cold drawing concerns the manufacture of steel bars or sections by cold drawing, grinding or
peeling of hot rolled steel bars into so called 'bright steel bars', having form and characteristics
required by the users. Cold finishing during cold drawing operations hardens and increases the
tensile strength of the steel, while at the same time reducing the ductility, which may require an
annealing treatment of the product after drawing. Bright steel bars are mainly of circular,
square, rectangular or hexagonal cross-section, but all kinds of cross-sections can be produced
according to demand. Products are non-alloy steel bars, alloy steel bars of different grades
including high-speed steel and other tool steel and shapes and sections of different steel grades.
[Pan97]

Bright steel bars are used by industries such as the manufacture of motor vehicles, machinery,
electrical goods and other industries, where high quality basic material is compulsory.

A.21.15 Structural/Section Mills

As most other types of mills, section rolling mills are divided into roughing, intermediate and
finishing stands, preceded by a descaling machine installed between the reheating furnace and
the roughing mill.

Roughing stands are generally reversing, 2-high stands. The rolls have several sets of profiles,
which are used in sequence. The upper roll can be moved vertically in order to progressively
reduce the gap between the rolls and thus to reduce the passing section.

Cropping shears or hot saws are generally installed between the different sections of the mills
and are used to provide a clean cut bar end to facilitate the introduction into the following
rolling stand.

On leaving the finishing stand or train, the bars are divided to cooling bed length or to
commercial length by saws. After cooling on the cooling bed, the bars are straightened on
mechanical or hydraulic straightening machines and cut to length by saws as required.
[EUROFER HR]

To yield the different profile shapes required for sections/structurals, either duo-stands with 2
grooved rolls or ‘universal’ stands with 2 horizontal and 2 vertical rolls are used as shown in
Figure A.2-8 and Figure A.2-9.

~T—T

Intermediate rolling steps Finished section

Figure A.2-8: Profiled rolls for sheet piling sections
[EUROFER HR]
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Vertical roll

- Horizontal roll

Arrangement of working rolls in a
"Universal” rolling stand

Figure A.2-9: Universal stands for parallel flanged products
[EUROFER HR]

Geometry control is of utmost importance in section rolling since rather tight tolerances are
common for hot rolled sections. Measuring devices applying sophisticated techniques including
laser beam technology and radioactive sources are of common use.

The designs of section mills vary greatly according to the manufacturing programme.
Figure A.2-10 shows the layout of a heavy section mill with universal stands, specialised in
parallel flange H and I beams. It includes in-line heat treatment (QST - Quenching and Self-
Tempering) to obtain an optimal micro-structure for high strength and high ductility
applications.

Walking beam
furnace

Hot saws

Heavy section rolling mill (Grey mill) with one 2-high reversing roughing stand, two
reversing universal intermediate stands and one universal finishing stand.

Figure A.2-10: Plant layout of a Heavy Section Mill
[EUROFER HR]
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Figure A.2-11 shows the layout of a heavy/medium section mill specialised in the rolling of
sheet piling sections. The intermediate stands are of the ‘open’ type with one common drive.
The 2-high finishing stand can be exchanged by a universal stand for the production of parallel
flanged products.

Roughing stand (blooming mill)
A

) ) FINISHING SHOP
3 intermediate stands

~. 4

Hot circular saws

Heavy/medium section mill with one reversing 2-high roughing stand, three reversing
2-high intermediate stands with a common drive and one reversing finishing stand

Figure A.2-11: Plant layout of a Heavy/Medium Section Mill for sheet piling
[EUROFER HR]

Section mills increasingly use near-net-shape, continuously cast semis called beam blanks (see
Figure A.2-12) to increase productivity and decrease energy input.

Beam blanks for different beam sections

Figure A.2-12: Examples of beam blanks cross sections
[EUROFER HR]

If the production rhythm and the manufacturing programme allow, hot charging of continuously
cast semis - from the casting machine run-out area to the reheating furnace of the rolling mill -
is more and more applied. Considerable savings in energy consumption may be achieved, but
this depends on the proximity of the rolling mill to the continuous casting plant.
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A21.1.6 Tube Mill

Seamless tube

Seamless tube production consists basically of the following manufacturing steps:
*  Heating of the input.

¢ Piercing (press-piercing or oblique rolling).

¢ Elongation/Stretching.

* Final Rolling.

e Heat Treatment.

The most important types of plants used today are mandrel mills, plug mills, push bench mills
and pilger mills. Figure A.2-13 and Figure A.2-14 show some typical tube mill designs.

Raw material for the production of unalloyed and medium-alloy steel tubes are continuously
cast round billets or blooms, although sometimes billets with square cross sections are used.
The raw material for high-chrome steel tubes are mainly round bars, rolled from cast billets.
The input is heated to rolling temperature in rotary hearth furnaces fired with natural gas or oil.
Then a hollow billet (ingot) is produced by piercing. The most important hole-piercing process
uses inclined rollers. The hole is produced by two inclined rolls rotating in the same direction,
so that the ingot is rolled with a screw motion over a piercer plug to form a hollow bloom. The
piercer plug is fixed to a freely rotating rod supported by a thrust bearing on the exit side.
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1 Rotary hearth furnace 5 Re-heating furnace
2 Cross-rolling piercer 6 Stretch-reducing mill (off-set 60 °)
3 Mandrel mill (offset 45°) 7 To cooling bed and finishing lines

4 Stripper

Figure A.2-13: Mandrel mill
[Tech Metal]
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1 Rotary hearth furnace 5 Reeler

2 Cross rolling piercer 6 Sizing mill

3 Cross-rolling elongator 7 Cooling bed

4 Plug mill 8 To finishing shop

Figure A.2-14: Plug mill
[Tech Metal]

Longitudinal rolling, transverse rolling, or presses are used for the elongating stage. The most
important one is the continuous tube rolling process, as it is one of the most efficient and
productive processes.

Several rolling stands are used simultaneously, usually 6 -8 two-high stands per group, at an
angle of 90 ° to each other. The reduction of the wall thickness takes place between the rolls and
a cylindrical lubricated mandrel.

Rolling to the finished size is carried out without an inner mandrel in sizing mills or stretch-
reducing mills. Sizing mills have 2 - 10 stands, and can have two or three rolls per stand. As the
circumference is reduced, the wall thickness is increased. In stretch reducing mills, which
normally have three rolls per stand, and up to 30 stands, an increase of wall thickness is
avoided, as tensile forces are applied between the stands during the process.

Tubes for undemanding applications can be shipped immediately after rolling. For more
exacting quality requirements, especially good toughness properties, separate heat treatment is
usually carried out after rolling. This can include normalising and tempering.
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Welded tubes

Welded tubes are produced from cold rolled or hot rolled steel strip; hot rolled wide strip; or
thick plate. In principal the production sequence comprises bending of the strip or plate to an
open tube and closing the gap by welding. Figure A.1-1 shows a schematic of continuous tube
production (Fretz-Moon process).

SIZNG
AR BLOWER FORMINGROLLS  poreciine poiig WELDING

“""““’““]“T | H%\_ B

el D OC
Y

(C O

CROSS SECTION OF STRIP AT
VARIOUS STAGES OF FORMING PROCESS

Figure A.2-15: Flow sheet for continuous tube production
[HMIP]

In the Fretz-Moon process (pressure welding) coils of hot-rolled strip are heated to a high
temperature in a tunnel furnace. The edges of the strip are heated to welding temperature by
additional burners. The strip is formed into a tube with a longitudinal gap. A two-roll
compression device at 90 ° then reduces the gap and presses the edges together so they become
welded.

The semi-finished tube passes without further heating through a stretching mill, where the
dimensions are reduced as required. A flying saw cuts the continuous tube into lengths, which
are then cooled on a cooling bed.

Alternative welding processes are resistance pressure welding, in which the required welding
heat is generated by high-frequency alternating current, conduction or induction. The properties
of the welded seams can be improved, either by continuous heat treatment or by separate heat
treatment of the individual tube. Fusion Welding is mainly used to produce steel pipes with
large diameters (> 457.2 mm). Figure A.2-16 shows the main tube welding processes.
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Welded tube

Welded tube
b) c)

Pressure rolls

Weld-i.ng contacts

Split tube

a Fretz-Moon welding process
b High-frequency conductive welding
¢ High-frequency inductive welding

Figure A.2-16: Tube welding processes
[EUROFER HR]

A.21.2 Surface Rectification and Conditioning of Input

Slabs, blooms and billets can have surface defects, like cracks, folds or seams. Surface
preparation of rolling stock is necessary to ensure flawless surfaces of the rolled product.
Surface defects of semi-finished products, can also be removed by the following processes.

Scarfing

Scarfing removes surface defects of carbon steel grades by an oxy-fuel flame. The flame is used
to rapidly melt and oxidise the steel surface while a separate supply of high pressure oxygen to
the cutter propels the slag product from the surface. Scarfing is either done by hand (for small
lot sizes) or by machine.

The scale from machine scarfing is washed from the steel surface by high pressure water and
led to a water pit where the scale is removed by crane. The water is treated and recirculated.
From manual scarfing operation scrap collection is carried out by means of magnets.

Dust emissions from scarfing operation are collected and, usually, abated by electrostatic
precipitators (wet or dry).

Grinding
For stainless steels and special steel grades, thermal removal of the surface defects is not
possible. Therefore defects have to be eliminated by grinding. The grinding process is either
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carried out manually or by machines. Manual grinding is performed by use of hand held power
tools, in some cases booths equipped with fume extraction to bag filter units. Grinding
machines are equipped with a roller table on which the work piece is supported and on which it
can be moved. The grinding wheel is mounted on a carriage that permits it to be moved back
and forth over the work piece. The unit is positioned in an enclosure, which collects the dust
generated during grinding and ducts it to a bag filter before discharge to atmosphere.

Cutting to-size slabs

In some cases the slabs have to be cut to the appropriate size. Wedge-type slabs, which result
from adjustment of the width in the continuous casting plant (mould adjustment) and from
change of the lot size, have to be conditioned by torch cutting to obtain the desired geometrical
shape.

A.21.3 Reheating- and Heat Treatment Furnaces

For hot rolling the steel input has to be heated to appropriate rolling temperature between 1050
and 1300 °C and a uniform temperature distribution has to be ensured.

Depending on the charge material and the hot rolling process, reheating is done in different
types of furnaces such as pit furnaces, pusher type furnaces, walking beam furnaces, rotary
hearth furnaces or others. These furnaces are fired directly, usually by oil, natural gas or plant
gases such as COG and BFG. Depending on the heating media, different waste gas emissions
will occur (mainly SO, and NOx).

A.2.1.3.1 Batch Furnaces

Batch type furnaces are often used for speciality steels and forgings. A typical example of the
batch type furnace is the soaking pit, used to reheat ingots, slabs and other feedstock. It consists
of refractory lined chambers in which the input is placed vertically (ingots) or horizontally
(slabs). A moveable cover allows the input to be charged and removed for rolling. Cast ingots
can be charged immediately after stripping to conserve energy. The typical soaking pit capacity
is 50 to 170 tonnes with a thermal input of 9.5 MW (Th) and a heating rate of 10.7 t/h.

Soaking pits are no longer in widespread use as more and more steel is continuously cast, a
process, which often bypasses the soaking pits. An example of the soaking pit furnace is shown
in Figure A.2-17. [EUROFER HR]
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Figure A.2-17: Pit furnace
[ETSU-NP-54]

Another type of the batch furnace is the bogie hearth furnace. The stock is carried into the
furnace chamber on a bogie. The furnace chamber is closed by means of a door and the stock is
heated. When the targeted temperature is reached, the door is opened, the bogie with the stock is
removed and the slab or casting is taken away for further use. [EUROFER HR]

A.2.1.3.2 Continuous Furnaces

Larger furnaces are usually fed continuously. The stock is pushed through the furnace by the
following stock (pusher type furnace) or is moved through by walking beams (walking beam
furnaces), a walking hearth or on/between rollers.

Examples of the larger size (> 20 MWTh) furnaces - the pusher and walking beam furnaces —
are shown in Figure A.2-18 and Figure A.2-19. The largest currently in operation are walking
beam furnaces of approx. 125 MW (Th) and pusher furnaces of 200 MW (Th). [EUROFER HR]
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Figure A.2-19: Walking beam furnace
[ETSU-G77]

In a rotary hearth furnace (see Figure A.2-20) the charge material is placed onto a rotary
hearth. During the furnace campaign (hearth is rotating) the material is heated and, after
completion of a rotation, discharged.
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Hearth rotation

Figure A.2-20: Typical design of rotary hearth furnace
[EUROFER HR]

A.21.4 Descaling

Prior to rolling adherent scale, which forms during reheating must be removed, in order to avoid
a contamination of the stock surface by scale impressed by the rolls (so-called 'rolled in matter").

Mechanical descaling, where the adherent scale is mechanically broken in a light pass (mostly
in two-high stands) and then sprayed off or mechanically removed (brushing), is rarely applied
any more. Today, a common method of descaling is breaking and spraying off the scale by
means of high-pressure water. Power water with pressures of 120 to 250 bar (exeptionally 600
bar) is applied via flat jet nozzles onto the material surface. For the cleaning effect, the impact
pressure (i.e. the pressure determined by the distance of the descaling nozzles to the rolling
stock) is more important than the system pressure. The following techniques are applied
throughout the whole rolling process:

* Primary descaling in so-called high pressure descalers installed before the entry into the
roughing train and equipped with 1 or 2 pairs, some times adjustable, descaling headers.

* Mill stand descaling by means of descaling headers arranged above and below the plate
passage on both sides of reversing stand and on the entry side in case of continuous stands.

¢ Descaler at entry of the finishing train for removing secondary scale, i.e. the scale formed
on the rough strip at the conveying roller table of the roughing train and finishing train.

e Pairs of mill stand descaling sprays at the entry of the first stand of the finishing train.
[EUROFER HR].

In case of production lines for long products the descaling headers are either designed as spray
rings or as combination of vertical and horizontal headers, sometimes adjustable to material
cross section, for proper descaling of all material surfaces. [EUROFER HR]
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A.21.5 Edging

Edging is usually applied in the manufacture of strip and plate. The slabs produced in the
continuous casting plant are supplied in certain defined, stepped dimensions of widths. The
width has to be reduced to the specified dimension of the rolled strip, with a trimming
allowance as narrow as possible (scrap minimization and yield improvement). In most cases,
this width reduction is performed on so-called edgers (vertical rolling stands) - recently even in
slab presses - which are installed in front of the roughing unit. The accuracy of the width
reduction and optimum adherence to the rectangular shape effect the amount of scrap arising
from cropping (head and tail end) in the rolling mill and in the finishing shops (trimming).

A.21.6 Roughing

Roughing depicts the first bulk reduction done on the incoming hot roll stock for the production
of strip, rod and sections. Generally, the roughing train consists of one or more horizontal
stands for thickness reduction, including edgers (vertical stands) situated in front of the stand
for width adjustment. Reversing roughing mills are sometimes equipped with edgers on both
ends of the mill stand [EUROFER HR]

A.21.7 Strip Rolling/Finishing Train

In general, the finishing mill consists of a number of rolling stands positioned after one another.
The stands have staggered roll gaps so that the thickness reduction to the requested final
thickness is done in one pass of the transfer bar. The number of stands depends on the grade and
material thickness of the input (slabs) as well as on the thickness range of the finished strip.

Crop shears arranged in front of the finishing stands serve to cut the ends of the rough strip,
which may have the form of a tongue or fishtail. This ensures safe entry into the finishing train
and avoids damage to the rolls as well as generation of scrap.

In most cases, an additional descaling device (descaling sprays) as described above is installed
between crop shears and finishing train. Sometimes there is also an additional vertical stand,
which is mainly used for strip guidance, but occasionally for minor width adjustments as well.

Coilers

Hot strips with length up to 2 km and even more are wound up on so named down (sometimes
up-) coilers at the end of the rolling mill by speeds up to 20 m/s and more. The hot band is
guided around an expandable mandrel by special arranged wrapper rollers. After approx. 3 - 4
windings the wrapper rollers are lifted and the band is coiled onto the expanded mandrel. After
the coiling operation is finished, the mandrel is collapsed and the hot coil is transported to a
strapping station by means of a coil car. [EUROFER HR]

A.21.8 Rod Rolling/Finishing Train

The finishing train of rod mills usually consists of rolling blocks with up to 10 sets of
alternating horizontal and vertical roller pairs as shown in Figure A.2-21.

Rolling speeds of more than 100 m/s are achieved at the final stages. The material used for the
roughing and intermediate rolls is generally hardened steel or cast iron while the finishing rolls
are made of carbide, a particularly wear resistant material. The typical calibration used for wire
rod mills is a sequence of alternating round and oval calibres.
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6 stand finishing block with 3 vertical and 3 horizontal
pairs of rolls

Figure A.2-21: Roller arrangement of wire rod finishing section
[EUROFER HR]

A.2.1.9 Plate Rolling

Plate rolling by reversing operation is similar to roughing in strip production. The slabs are
formed into plates in the so-called multi-stage rolling operations, where the slabs are stretched,
turned by 90° by means of conical rollers on a special roller table, spread, turned again and
rolled to the requested thickness.

A.21.10 Transport of Roll Stock between Rolling Stands

Usually, roller tables arranged along the entire strip rolling train are used as a means of
transport for the rolling stock. These roller tables consist of individual metallic hollow and/or
solid rollers with single drive or group drive by means of an electromotor and gear, if necessary.

In special cases, for example later modernisation of a rolling mill including increase of the
weight of single products or installation of additional equipment, the distance between roughing
stand and finishing stand is no longer sufficient to de-couple the two processes. So-called coil
boxes - developed by STELCO, Steel Company of Canada Ltd. - are then inserted as
intermediate storing devices. [EUROFER HR]

A.21.11 Cooling Lines

In connection with an appropriate temperature control within the finishing trains, the cooling
line provides the desired mechano-technological parameters to the material. The steel is rapidly
cooled using either water sprays, water walls or laminar flows (see Figure A.2-22).
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Figure A.2-22: Different types of water cooling
[Tech Metal]

Widest spread nowadays is the use of laminar flow cooling on run out tables. Usually, the spray
headers (arranged on top and bottom of the passline) are grouped into sections, sometimes of
different water flow volume. Each section and/or each header is individually controllable so that
desired cooling temperature may be realised. Cooling lines and the individual sprays are
computer controlled, whereas the spray headers are switched on and off in accordance to
complex mathematical-empirical models, supported by peripheral temperature measurements.
[EUROFER HR]

A.2.1.12 Sheet and Plate Production

For sheet production the hot produced coils are decoiled by means of uncoiling reels and
supplied to a shearing line which is equipped with levellers to straighten the strip. The rolled
sheets with desired length are piled and stored in the storage yard. [EUROFER HR]

Plate production is carried out on shearing lines following the rolling process. The plates are
trimmed on both sides, cropped and cut to desired length. Cutting to size for special blanks is
done by CNC-cutting equipment (torch-, plasma- or laser beam-cutting units). The internal
quality of plates may be determined by ultrasonic techniques. Automatically working devices
may be installed on the shearing line run out table.

Finishing operations are computer controlled in the most installations. Consideration is also
being given to the in-line quenching and heat-treatment of plates following the last rolling pass
as a means of conserving energy. [EUROFER HR]

A.2.1.13 Plate Heat Treatment

Finished plates are partly subject to heat treatment. In annealing steel is heated to a subcritical
temperature to relieve stresses. For normalising steel is heated above its critical temperature
and air-cooled. The purpose is to refine grain sizes and to obtain a carbide distribution, which
will dissolve more readily, austenite. Quenching, tempering and other methods may also be
applied.

Several different types of furnaces are used for these purposes, such as walking beam type,
roller hearth or car bottom furnaces. The heating and combustion system of such furnaces are
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comparable with the systems related to stock re-heating. All usually available heating media
may be used for firing the treatment furnaces. [EUROFER HR]

A.2.1.14 Roll Shop

The workrolls as well as the back-up rolls for both finishing and roughing mills are conditioned
according to well-defined specifications, depending on the product to be rolled. Conditioning of
the rolls is performed at the roll shop where typical machine shop techniques are applied, such
as machining and grinding. [EUROFER HR]

A roll shop generally includes the following:

¢ Cooling area where work rolls are cooled either in open air or by water sprinkling.

¢ Preparation area where the shocks are dismantled and set-up (In some cases the roll shop
machines allow reconditioning of rolls without prior dismantling).

¢ Cleaning area where the rolls to be reconditioned are cleaned from deposits and lubricants,
(The cleaning techniques include steam cleaning, application of alkali degreasing solutions,
application of organic solvents).

e Typical machine shop equipment including lathes and grinding machines which have
individual cooling system where the cooling liquid is continuously processed in order to
separate turnings and grinding sludge [EUROFER HR].

A.2.1.15 Water Circuits / Water Management in Hot Rolling Mills

Throughout the hot rolling process and linked process steps water is used for cooling and for
technological reasons. Electric motors, re-heating furnaces, control rooms and power systems,
instruments and process control are usually cooled indirectly. The steel, rolls, saws, cropped
ends, coilers and hot run out tables are cooled directly. Water is also used for scale breaking,
flushing scale and for scale transport. Wherever the water is in contact with the rolled material
(process water) and rolling equipment it will be contaminated with scale and oil.

The simplest water feeding system applied is an open system (once-through system) as shown
in Figure A.2-23. The water is taken from natural resources (river, lake or ground water), flows
through the various consumers of the hot mill and is released again to the watercourse.

water inlet N

gravel
N filter thickener
Scale Ol Disposal to
Various consumers | ? ? \ I E 3 I waste storage
throughout hot or recycling
rolling mill D by steel pro-

Sludge duction

outlet to sewer
and / or watercourse

Figure A.2-23: Example of a once through water system
[EUROFER HR]

The polluted cooling and process waters are collected and treated prior to discharge. First
treatment stage is a sedimentation basin in which solids, mainly iron oxides, are allowed to
settle at the bottom of the basin.
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The sedimented solids are discharged via appropriate devices (scraper, screw, etc.) and, in the
case of integrated steel plants, returned to the production process via the hot metal route. The oil
pollutants floating on the surface are removed by means of suitable skimming devices and are
discharged to the respective collecting basins.

The pre-cleaned overflow is supplied via pipes to the filter batteries whose number, size and
capacity are designed in conformity with the water volume. In most cases these filters are gravel
filters, i.e. the overflowing water is cleaned by passing through gravel beds.

The pollutants in the gravel filters must be removed by back-washing in order to maintain the
function and separation efficiency of the filters. The purified waste water from the filters is
discharged into the sewage system and/or lakes and rivers.

The sludge-bearing waters (mostly containing iron oxide) from the filter batteries are separated
in a thickener. The overflow is recirculated to the cleaning circuit system. The high-quality feed
material contained in the sludge is further dewatered and disposed off or returned to the steel
production process, provided the appropriate technical equipment is available.

In order to reduce or avoid waste water discharge from hot rolling operations semi-closed - and
closed circuits are implemented.

In semi-closed circuits, as shown in Figure A.2-24, the water is treated and partly reused
depending on the temperature. The water treatment devices are the same as for open systems,
but the filtered waste water is not directly disposed off. Instead it is conveyed into a filter water
basin and mixed with cold fresh water, if necessary. Depending on the temperature of the mixed
water, the filtered water is returned to the different consumers in the hot rolling mill and only
the overflow is discharged. Accordingly, the volume of the circulating water depends on the
seasons and the geographical situation.

water inlet N gravel
~ filter thickener
SC?G ?“ 4,@ Disposal to
Various consumers | waste storage
throughout hot or recycling
rolling mill D, by steel pro-
Sludge duction
ground water filter water
water outlet to sewer / watercourse - tank

Figure A.2-24: Example of semi-closed water circuit
[EUROFER HR]

With application of closed water circuits (see Figure A.2-25) the purified water is not
discharged, but re-cooled in cooling towers or heat exchangers to required temperature and is
reused in the rolling process. For plants using cooling towers, water consumption is restricted to
additional water (approx. 3 - 5 %) needed to make up for evaporation and for blow down losses.
When heat exchangers are used, large re-circulating volumes of re-cooling water are required.
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Figure A.2-25: Example of closed circuit water system
[EUROFER HR]

Water feeding- and treatment systems in hot rolling mills are usually very complex, with
several, partly interconnected water loops and multiple-stage use of water. In some cases the hot
rolling mill water circuit is coupled with water feeding systems of other iron and steel
production units, as for example continuous casting. Reasons for this connection are the
similarity of the waste water contents and the proximity of the installations.
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Notes: 1) Figures given represent water flow in m’/h
2) Mill capacity: 270000 t per month

Figure A.2-26: Water loops for hot strip rolling mill
[StuE-96-7]
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Figure A.2-26 shows the water circuit of a hot wide strip mill where 3 water loops are
established. Loop 1, with 8030 m*/h, comprises the cogging stand, finishing train and re-heating
furnace; loop 2 (8000 m’/h) delivery roller table and loop 3 (2200 m’/h) mainly the electrical
equipment. The Loops are connected in a way that water input for loop 2 and 3 is supplied by
the clean waterside of loop 1. Process water of loop 2 and 3 is sent to the treatment facilities of
loop 1 and also blow-down water can be discharged to loop 1.

Figure A.2-27 shows another example of a water management system for hot wide strip mill.
The loops established in this case are for furnace- and engine cooling, for roller stands and for
laminar strip- and roller table cooling.
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Figure A.2-27: Use of water loops in a hot rolling mill
[DFIU98]

The prevention of effluents by using water in loops or in multiple stages is a well-known and
wide spread practice within the steel industry. Hot rolling mills offer a high potential for
reduction in water consumption and waste water discharge, because of the large quantities of
water needed.

A.2.1.16 Waste and By-product Management in Hot Rolling Mills

Apart from waste water, hot rolling operations generate different kinds of solid and liquid by-
products and waste.

¢ Metallic waste and by-products.

¢ Scarfing scale/swarf.

e Dusts from scarfing and rolling.

e Mill scale (oil free and oily).

¢ Water treatment and mill scale sludge.
¢ Grinding sludge (roll shop).

¢ Oil and greases.
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Metallic by-products/waste, like scrap, downgrades, crop ends, etc. arising from hot rolling, is
usually rather clean and is easily recycled into metallurgical processes (e.g. BOF).

Oilfree scale and low oil-content (< 1 %) scale, is fed back directly to the metallurgical process,
usually via the sinter plant. Oily, ferrous sludges with up to 80 % FeO, content, like oily mill
scale and grinding sludges, obtained from water treatment plants have to be conditioned before
internal recycling.

Scale is also sold for external use (e.g. to cement manufacturers) or it is supplied to an external
company for treatment (usually thermal treatment to burn the oil content). Thermal treatment
plants can yield a product with an iron-content of about 60 - 70 %. If the thermal treatment plant
is fed with oily mill-scale of about 4.5 % no additional energy supply is required.

Oxide dusts from air cleaning devices, for example from bag filters for oxide removal at the
mill stands, are recyclable to the steel production (e.g. sinter plant) without risks.

Oil and grease, separated and collected at various stages, are energy sources and can be utilized
as secondary fuels, for example by injection into the blast furnace or in the coke making
process. Dewatering might be a precondition. Alternatively, these materials can be used at the
coke ovens to increase coal bulk density prior to carbonisation. [EUROFER HR], [Com2 HR]

Spent emulsion from the roll shop or other consumers can be split into components: oil and
water. The separated oil can be thermally utilized or recycled externally. [Com2 HR]
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A.2.2 Cold Rolling Mills
A.2.21 Process Overview

In cold rolling the properties of hot rolled strip products, e.g. thickness, mechanical and
technological characteristics, are changed by compression between rollers without previous
heating of the input. The input is obtained in form of coils from hot rolling mills.

The processing steps and the sequence of processing in a cold rolling mill depends on the
quality of the steel treated. Low alloy and alloy steel (carbon steels) processing usually
follows the order: pickling, rolling, annealing, temper rolling/skin pass rolling and finishing.

The process route for high alloy steel (stainless steel) requires an initial annealing step prior to
pickling due to the hardness of the steel quality and, further more, several additional annealing
and/or pickling steps during rolling may be necessary.

Cold rolled products are mainly strips and sheets (thickness typically 0.16 - 3 mm) with high
quality surface finish and precise metallurgical properties for use in high specification products.

Cold Rolling Mills (CR Strip Mills)

Typical layouts for cold rolling mills are shown in (Figure A.2-28), the plants usually comprise:

¢ Continuous pickling line, where the oxide layer formed during the hot rolling is removed
by pickling with sulphuric, hydrochloric or a mixture of nitric and hydrofluoric acid. A
stretcher leveller or an in-line skin-pass may be used to improve the shape of the strip and
provide mechanical breaking of the oxide layer.

¢ Cold rolling mill generally consisting of a 4-stand or a 5-stand four-high tandem mill or of
a four-high reversing mill. Cold rolling reduces the initial thickness of the hot rolled strip by
typically 50 to 80 %.

* Annealing facilities to restore the ductility of the steel strip that is lost as the result of work
hardening during the cold rolling.

¢ Temper mills to give the annealed material the required mechanical properties (prevents
the formation of Liiders lines during drawing). The material is subject to a slight skin pass
rolling typically on a four-high skin pass mill. The roughness of the work rolls of the mill is
transferred to the strip by the roll pressure.

* Inspection and finishing lines, here coils with different length may be welded together to
meet the required weight or may be slit to required width. Also coils are cut into sheets with
required length and width. At the same time defective sections of strip can be discarded.

* Packaging lines for coils or sheets according to the destination and/or the means of
transport.

* Roll shop, where the work rolls and the backup rolls for the cold rolling mill and the temper
mill are prepared.
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Figure A.2-28: Typical configurations of cold rolled strip mills
[EUROFER CR]
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For electrical steel sheet production the mill design is quite similar to those described above.
The rolling mill usually comprises a four-high reversing mill stand, which is enlarged to rolling
and alternative skin pass rolling operation (rough pass up to 7 % deformation). For higher
Si-contents, flash butt welding of head and tail of the coils to an endless strip has to be replaced
by ‘agraphing’ the ends of the coils.

Technical trends and developments in cold rolled strip production, driven by increasing market
demands and competition from alternative materials, aim at increasing the efficiency and the
output of plants by minimizing the processing time and the consumption of materials and
energy. Simultaneously the environmental impacts of the facilities are reduced. Figure A.2-29
shows as an example a modified plant concept which shortens the process time for annealing
and the following operations from 3- 7 days (2 —3 days when hydrogen is used) to
approximately 10 minutes. [EUROFER CR], [Com VDMA]

Pickling  Cold Rolling Annealing skin Pass Rolling Finishing Storage

theoretical time of passing through: 7 days
o 2 6 m b _ Y45
> (TB] o Py e

theoretical time of passing through: 10 min

13

63

Figure A.2-29: Cold rolling process line with continuous annealing
[EUROFER CR]

A.2.2.2 Pickling of Low Alloy and Alloy HR Steel

The entire surface of the hot rolled coil is covered with a thin layer of scale containing oxides,
which must be removed prior to cold rolling. This is done by pickling with hydrochloric acid or
sulphuric acid, at temperatures typically ranging from 75 °C to 95 °C.

Once the strip or sheet is pickled, it must be thoroughly rinsed with de-mineralised (or equal
quality) water and subsequently dried. Oiling is done either with rolling oil or anticorrosive oil.
[EUROFER CR]

Pickling lines

Pickling can be done as a batch (usually for bars, rods or tubes), semi-batch or as a continuous
process and can also involve a number of stages using several acid baths. The following process
description refers to continuous pickling lines on which steel is pickled in coiled shape. Each of

the pickling steps described below can also be performed as an individual batch process.

A typical pickling plant may incorporate:
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* Anticoil break equipment on the decoiler to avoid the occurrence of flow lines (Liiders’
lines) on the entering hot rolled coil.

¢ Welding of the hot rolled coils to continuous strip to ensure defined constant pickling times.

e Straightening equipment prior to the entry of the hot rolled strip into the pickling tanks. The
flatness of the hot rolled strip is increased by straightening, and the capacity for pickling is
improved by the scale breaking effect of straightening.

¢ Chemical pickling zone; deep tank or shallow tank (turbulent) pickling equipment.

* Rinsing zones to remove remaining acid on the strip surface.

*  Trimming of the strip to obtain cut edges and exact widths.

* Inspection of the strip for dimensional tolerances, surface defects and residues.

* Oiling of the strip (Note this may not be required in a combined pickling and rolling line).

The pickling is carried out in totally enclosed equipment or tanks fitted with hoods. In both
cases the units are under continuous extraction to remove any fumes generated.

Modern pickling plant design comprises pickling tanks equipped with external pumps. Instead
of simply passing the steel strip continuously through an acid bath, the acid is pumped via a
circulation system through nozzles mounted in the bath itself. The turbulence resulting from this
promotes the pickling reactions. [EUROFER CR]

Large continuous pickling lines can have capacities of up to 2.4 million t/a. Figure A.2-30
shows the operational steps in continuous pickling lines. [DFIU98]

1. Uncoiler 5. Strip storage 9. Pickling station 13. Scrap removal
2. Crop shear 6. Looping car 10. Strip tension 14. Slitting

3. Welding machine 7. Tension rolls 11. Strip storage 15. Coiler

4. Strip tension and guiding 8. Dancer roll 12. Trimming

Figure A.2-30: Schematic of a continuous pickling line
[DFIU98]

A.2.2.3 Annealing () and Pickling () of High Alloy HR Steel

The coils of stainless steel strip produced by hot rolling are known as ‘hot band’ coils. Due to
the presence of an oxide scale and chromium depleted layer formed during the hot rolling the
steel must also be descaled / pickled prior to cold rolling. In addition, the greater hardness of the
steel compared with carbon steels necessitates an initial annealing (I). The annealing process
has three components, heating to annealing temperature, temperature equalisation and cooling.
Both continuous and batch annealing processes may be used. [EUROFER CR]
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Annealing

Ferritic grades are generally annealed as tightly wound coils in a batch heat treatment
facility. Such installations may be used for the full heating, temperature equalisation and
cooling cycles. One or more coils are placed on the furnace base and covered to form a closed
furnace chamber. Heating may be achieved via gas firing or electrical heating. An inert
protective atmosphere (nitrogen/hydrogen) is required for metallurgical reasons. Ferritic steels
are generally annealed at steel temperatures of up to 800°C. [EUROFER CR]

For continuous annealing of austenitic steels the steel coil is unwound and passed through one
or more heat treatment furnaces. These furnaces typically consist of a refractory (or other form
of insulation) lined steel structure and are usually directly fired by gaseous fuels. An oxidizing
atmosphere is needed to form a scale, which is rich in oxygen to allow a better pickling. The
waste gases are exhausted via flues under natural or forced draft. Strip temperatures typically up
to 1100°C are necessary for annealing austenitic steels. The steel strip then passes through the
cooling section and may be cooled using gas jets, air, water sprays or water quenching.
Continuous annealing is generally combined with a descaling/pickling plant as described above
to form a continuous annealing and pickling line. [EUROFER CR]

Descaling and Pickling

After annealing the steel is descaled to produce a steel surface suitable for cold rolling.
Mechanical descaling such as shot blasting or scale breaking may be used prior to chemical
pickling to remove the heavy scale burden. However, careful control of such mechanical
processes is necessary to minimize damage to the strip surface, which could affect the final
product quality.

Final scale removal including the removal of the chromium depleted layer beneath the scale is
generally done by pickling in a mixture of nitric and hydrofluoric acids at temperatures of up to
70°C. The acid concentrations employed depend on the material being processed but are
normally in the range 10 - 18 % nitric acid and 1 - 5 % hydrofluoric acid.

The chemical reactions that take place during the pickling of stainless steels are complex and
involve the removal of the adherent scale layer by the combined action of the acids used. The
dominating chemical reaction during pickling is the dissolution of metals by the nitric acid. As a
by-product of these reactions both nitrogen monoxide and nitrogen dioxide are formed. The
reactions shown below are for the dominant metal iron but similar reactions also occur for the
alloy elements present in the stainless steel such as nickel and chromium.

Fe + 4H" + NOy = Fe’" + NO + 2H,0

Fe + 6H" + 3NO;y = Fe" + 3NO, + 3H,0
The NOx generated is partially soluble in the acid but once the limit of solubility is reached the
NOx fumes transfer to the gaseous phase and are released from the pickling tanks. The rate of

formation of NOx increases with increasing temperature.

The metal ions formed in the dissolution reactions then react with the hydrofluoric acid leading
to the formation of metal complexes.

2HF +Fe** = FeF," + 2H'
3HF +Fe* = FeF; + 3H'

The combination of these two sets of reactions results in the consumption of both nitric and
hydrofluoric acids. To maintain the optimum conditions for descaling regular additions of fresh
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acid are made as required. The iron fluoride complexes produced in the dissolution reactions
have a limited solubility and if the concentration of iron is allowed to reach 5 % (40 g/l) then
precipitation of iron fluoride will commence. This precipitation causes the formation of large
quantities of a hard crystalline sludge.

Pickling line design is usually the same as for pickling of low alloy steels. Except, that on exit
from the last pickling tank the steel strip is rinsed with water to remove traces of acid, dried, but
no application of oil is necessary because of the corrosion resistance of the steel.
[EUROFER CR]

A.2.2.4 Cold Rolling of the Pickled Hot Rolled Strip
A.2.241 Low Alloy and Alloy Steel

In cold rolling the pickled hot rolled bars, sheets or strips are passed through sets of rolls on
reversing mills or on continuous in-line mills. Low carbon steels which are less hard, are
generally rolled in multi-stand tandem mills due to a higher capacity of these mills. They
consist of a series of four or six-high stands. The strip enters the first stand and undergoes an
initial thickness reduction, further reductions are achieved in each subsequent stand until the
final gauge is attained.

For low carbon strip generally an emulsion of 0.5 to 4 % (10 — 20 % for direct application) of
oil in water is necessary for

e Lubrication.
¢ Cooling of the strip, work and back-up rolls.
* Removal of Fe-particles.

In the rolling process the wide strip is mainly deformed in a longitudinal direction, with
transverse deformation being practically negligible. The thickness reduction of the material is
obtained by the influence of the rolling forces and the strip tensions (forward and back) applied.
The cold forming process leads to a corresponding hardening of the material. Exact mass flow
control (control of rolling force and/or position), assisted by laser control of the strip speed and
tension, may be used. Additional automatic control loops for flatness (roll bending, zone
cooling, etc.) are used to obtain the required flatness of the strip. The roughness texture of the
strip surface is applied in the last stand of the tandem mill.

For optimum strip surface cleanliness it is important to avoid contamination of the tandem
emulsion by the hydraulic oil, by the Morgoil oil, by grease or by the cooling water (used to
cool the emulsion). Precautions taken to avoid any contamination may include:

*  Continuous monitoring of oil levels.

*  Monitoring of the oil concentration.

* Regular control of hydraulic equipment and bearings.

*  Monitoring of emulsion parameters such as temperature, pH value, saponification index,
acid value, conductivity.

e Filtering of the tandem emulsion (using techniques such as magnetic filters, paper filters,
precoat filters).

To clean the strip and remove any remaining soap or oil, it may be subjected to chemical and/or
electrochemical degreasing. For this purpose, cleaning zones are installed on the entry side of
the downstream processing plants such as hot dip galvanising plants or continuous annealing
plants. [EUROFER CR]
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Conventional discontinuous rolling

The pickled hot rolled strip is fed into the cold rolling mill coil by coil. This results in a
variation in the strip thickness corresponding to the geometrical conditions of the line at the
strip ends during threading and at the exit of the coil end.

To produce ‘mill clean sheet’, often a thin emulsion with a maximum concentration of 1 % can
be used on the last stands of the tandem mill. The emulsion is usually applied via spray nozzles
onto the rolls and the strip. Sometimes higher concentrations are used in direct application
systems.

Discontinuous rolling offers a high degree of process flexibility to account for variations in
product mix. The technique is preferable for certain steel qualities. [EUROFER CR]

Continuous Rolling

To achieve the narrowest possible thickness tolerances, maximum output and optimum
productivity figures, a shallow tank turbulence pickling plant can be coupled with a tandem
mill, which is enlarged by one stand. Usually an accumulator and a welding machine before a
tandem has the same good results and a bigger increased capacity. The use of a welding
machine and the accumulator allows coils to be joint and the strip to be fed to the mill
continuously.

On a tandem line, the entering pickled hot rolled strip is reduced to the desired final thickness
on a single pass through the line. Owing to the installation of several separate emulsion systems,
a special emulsion can be applied in the last stand to increase the cleaning effect. For this
purpose, either a detergent or a thin emulsion (1 % oil content) can be used.

Continuous rolling can allow good control of the strip thickness for coil ends and of surface
quality. This can have a beneficial effect on material yield. In addition it allows oil consumption
to be optimised. [EUROFER CR]

A.2.24.2 High Alloy Steel

After the initial annealing and pickling the steel is generally rolled to the required thickness on
reversing cluster mills for a number of passes until the desired dimensions are achieved or until
work hardening necessitates further annealing.

The process of cold reduction generates heat, part of which is transferred to the rolling oil which
is sprayed onto the steel and rolls for cooling as well as lubrication. This heat is subsequently
dissipated through heat exchangers to cooling water systems.

Mineral oils are generally used as rolling oil and close control of the oil cleanliness is necessary
for optimum performance. This may be achieved using oil filtration circuits, which incorporate
media element filters or powder pre-coat filter systems. Although the use of mineral oils
predominates, emulsion cooling systems similar to those used for carbon steels may be
employed. In such cases additional precautions must be taken to control oil cleanliness in order
to avoid strip marking.

Collection hoods are fitted to the mill and operate under continuous extraction to remove oil
mist that is generated. [EUROFER CR]
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A.2.2.5 Annealing of Low Alloy and Alloy Steel

The basic stages of the annealing process comprise:

* Heating to annealing temperature (above 650 °C).
* Holding at annealing temperature.
¢ Cooling.

This annealing process may be carried out in batch furnaces or continuous furnaces. The
annealing cycle has a significant influence on the mechanical properties and, consequently, on
the formability of the steel strip. The main parameter controlling the annealing cycle is the
temperature profile. It varies, depending on whether the annealing is carried out in a continuous
or batch furnace, and depending on the required strength or hardness of the product. The
annealing cycle depends on a number of parameters including the actual material analysis, the
reduction realised during cold rolling, the required mechanical properties and the required
surface cleanliness, the type of protective gas, etc.

Continuous annealing and batch annealing are considered to be complementary processes and
not fully interchangeable. Production related issues are integral to the selection of the annealing
technique.

A.2.2.51 Batch Annealing

Degreasing /Cleaning by means of alkali

Prior to the annealing process the strip may be cleaned (degreased) to produce a cleaner surface.
The cleaning serves to remove oil residues from the steel surface. The process is similar to that
used for acid pickling except for the chemicals that are used. The most frequently used cleaning
agents are phosphates, alkaline silicates, caustic soda and soda ash. Electrolytic cleaning and
brushes are also used in some cases to remove iron fines from the strip surface.

The steel sheet is unwound from the coil and passed through cleaning tanks, which may be
stirred to improve the cleaning effect. Subsequently, the steel is rinsed with water and recoiled.
The degreasing solution can be regenerated and recycled.

Annealing

The cold rolled coiled strip is stacked in a hood furnace for annealing (see Figure A.2-31). The
combustion chamber (space between heating and protecting hood) is heated by oil or gas
burners. Heat passes through the protective hood into where the steel coils are stacked. A
circulating fan provides as uniform temperature distribution as possible. The atmosphere in
conventional plants is usually HNX gas (a nitrogen-hydrogen mixture with a hydrogen content
close to the flammability limit). The atmosphere can also be 100 % H, as in parts of the
working cycle of high convection furnaces.
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Figure A.2-31: Schematic of a hood-type annealing furnace
[DFIU98]

The heat passes into the coils through their outer edges, so that these areas are always hotter
than the inner windings, especially during heating up. The heat treatment causes the organic
residues of the emulsion to partly burn off; partly a distillation process takes place. Products of
the reactions taking place are CO/CO,, H,, FeOx and CH,. The strip is heated to re-
crystallisation temperature, and annealed at about 700 ° C resulting in complete re-
crystallisation of the cold rolled steel. For cooling the coils, the heating hood is removed. The
cooling effect can be enhanced by spraying water on the protecting hood; by covering it with a
cooling bell and blowing air on it or by using a cooling by-pass system which cools the
protective atmosphere under the protective hood. The time necessary for annealing depends on
the annealing temperature and the weight of the charge and can take 2 to 7 days.

Annealing in this type of furnace is very slow and also the cooling rate is not suitable for certain
steel grades. Therefore an annealing process in a 100 % hydrogen atmosphere was developed
yielding in shorter annealing times and more rapid cooling.

A.2.25.2 Continuous Annealing

For continuous annealing the coils are welded together on the entry side of the plant and
subjected to the following process steps:

¢ Alkaline/electrolytic cleaning of the strips.

* Heating and holding at the required annealing temperature.

¢ Cooling (slow jet cooling, high gas jet cooling (using cooling rates up to 150 °C/s, hot water
quench (HOWAQ), overaging, roll cooling, final cooling, misting jet cooling).

The continuous annealing is carried out by passing the steel strip through a multi-zone heating
furnace with heating chamber, annealing chamber, cooling zone, tempering zone and a second
cooling zone. The steel is heated to a range between 650 °C and 830 °C and then cooled by gas
jets, gas-water sprays, contact rolls or water quenching, depending on the desired metallurgical
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properties. These furnaces are usually fired by gas (direct or indirect) or electrically heated. The
steel can be protected by an inert gas atmosphere or a reducing gas atmosphere in parts of the
furnace. The principle operational steps for continuous annealing are shown in Figure A.2-32.
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1. Uncoiler 6. Entry looping car 11. Upper top roll
2. Crop shears 7. Entry section 12. Strip exit

3. Welding machine 8. Dancer roll 13. Exit looping car
4. Strip cleaning 9. Furnace 14. Crop shears

5. Looping tower 10.Cooling section 15. Coiler

Figure A.2-32: Example of a continuous annealing furnace
[DFIU98]

Continuous annealing gives a shorter processing time (about 10 minutes), less intermediate
storage, uniform mechanical properties and a superior surface cleanliness. Continuous annealing
is more appropriate for the production of higher strength steels. The layout of the furnace
facilitates energy recovery from the exhaust gas.

A.2.2.6 Annealing (ll) and Pickling (ll) of High Alloy Steel

Degreasing

Prior to the final annealing process, degreasing of the strip may be required to remove any
contaminants from the steel surface. This can be achieved using an alkali based cleaning
systems, which may be incorporated in the entry section of continuous annealing lines.

The steel coil is unwound and passed through a series of tanks containing the cleaning
solutions. Agitation of the solution is usually incorporated to enhance the cleaning. Afterwards
the strip is rinsed with water. De-mineralised water can be used for the final rinsing step.
[EUROFER CR]

Annealing

The process route for final annealing and pickling is dictated by the surface finish required.
Examples of this are EN standard finish ‘2R’ which requires a bright annealing treatment and
surface finish ‘2B’ which requires annealing and pickling.

Bright annealing is generally conducted in an electrically heated or gas fired furnace with a
protective inert atmosphere of nitrogen and/or hydrogen. Both batch annealing and continuous
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annealing may be used. Degreasing of the steel surface is required to prevent surface
discolouration.

Material with a ‘2B’ surface finish is generally processed on continuous annealing and pickling
lines. The furnace design and operation is generally similar to that for the annealing of hot band
material described above. The steel is unwound and passed through one or more furnaces,
which are usually gas fired. Annealing takes place in an oxygen rich atmosphere. This is
necessary to ensure that the scale generated in the furnace is of a composition that is readily
removable by the downstream chemical pickling processes.

Pickling

Unlike the descaling of hot band material described above, mechanical descaling techniques
cannot be employed to assist in the removal of this scale due to the surface damage which
would result for the final cold rolled strip. Therefore only chemical pickling is applied. This is
done in the same manner as described above for hot band pickling.

Scale of high alloy steel, due to the presence of oxides of alloying elements, cannot always be
removed in just a single acid descaling step. Additional treatment or pre-treatment processes
may be necessary. These may include scale removal by an initial electrolytic descaling process
(using e.g. sodium sulfate) installed prior to the mixed acid section. Generally these facilities
operate with neutral salts or acids as the electrolyte. It is appropriate to consider the electrolytic
process as a pre-pickling system as satisfactory descaling cannot be achieved with this section
alone. However the length of mixed acid section required (and hence the acid consumption and
environmental impacts) is considerably reduced. Furthermore the combination of electrolytic
and mixed acid can provide an improved surface finish. [EUROFER CR], [Com2 CR]

A.2.2.7 Tempering of Cold Rolled Strip
A.2.2.71 Low Alloy and Alloy Steel

After annealing the surface finish and mechanical properties of the steel are modified in line
with the customer requirements. This is done by temper rolling which consists of subjecting the
strip to a light rolling pass with a thickness reduction between 0.3 and 2 %. Before tempering
the strip temperature must be less than 50 °C.

Temper rolling is carried out in the temper mill which comprises typically one or two four-high
stands, although two-high or six-high stands are also possible. For tin plate production two four
high stands is common. The rolls for these stands have an extremely precise surface finish in
order to control the final roughness of the strip in line with the end use of the finished product.
Tempering also improves strip flatness.

To avoid residues from the rolling process remaining on the strip cleaning agents, (a wet temper
rolling agent), can be used during tempering. The rolls may also be brushed with mechanical
polishing equipment and an associated extraction system. [EUROFER CR]

A.2.2.7.2 High Alloy Steel

Similar to the process route for carbon steels temper rolling or skin pass rolling is completed in
order to attain the desired surface finish on the steel. This cold rolling treatment, comprising a
minimal reduction in gauge (up to 2 %) is generally performed dry without application of oil for
cooling. The temper mill usually comprises a single two or four high stand with precision
ground rolls.
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A.2.2.8 Finishing

Finishing comprises slitting into coils of different width strip and transversal shearing to obtain
sheet. Additional steps such as straightening, sampling, oiling and marking are also completed.
In general the techniques used are similar for both low alloy and high alloy steels, however
oiling is not required for stainless steels.

The finishing process comprises the following operations:

¢ Dimensional control (width, thickness and length).

¢ Inspection for surface defects and their removal.

e Sampling to determine the mechanical and technological properties, the strip roughness
structure and the content of residue of particles from roll wear and carbon on the strip
surface (statistical sampling).

e Trimming the coils to exact width.

e Straightening the strips to optimum flatness.

* Oiling the strips with electrostatic oiling machines or with oiling machines equipped with
sprays or rolls oiling machines (anticorrosive oils or prelubes).

*  Marking the finished products with coil number, production date, etc.

*  Welding of different smaller coils to bigger coils.

In the finishing shops the coil weights used for maximising productivity are cut into the coil
weights ordered by the customers. Defective coil parts are eliminated or if necessary, the
material is subjected to additional treatment for removal of the defects. This can include
additional annealing, temper rolling or straightening. [EUROFER CR]

Strip grinding

Grinding of the steel surface may be used to generate a uniform surface quality as well as
rectifying defects. The strip is usually decoiled on dedicated process lines, sprayed with oil and
ground with belts of varying surface roughness. Mineral oil is generally used for this process
and filtration circuits employed to separate the swarf generated during grinding.
[EUROFER CR]

Packing

The material, now in its final form, is usually packed ready for despatch to the customer. The
packaging is designed to ensure that no damage occurs either during storage or transport to the
end user. Control measures also have to be taken to prevent damage from mechanical and
climatic sources. In addition the lifting and transport equipment in the production plant should
also be designed and operated to minimize damage to the steel. After finishing, packing of the
individual items ordered by the customers is done. The packing materials used includes: steel
bands, paper, plastic, wood, seaworthy packing, special packing. [EUROFER CR]

A.2.2.9 Roll Shop

The activities generally consist of the dismantling of the chocks, the grinding of the rolls, the
texturing of the work rolls and the reassembling of the rolls.

To satisfy the required strip tolerances and surface standards the rolls must be regularly
reground. During this grinding operation the rolls are usually cooled and lubricated with a
grinding emulsion. The spent emulsion can be recirculated and filtered, but partial replacement
is required periodically. In addition, used oil and grinding sludge are produced which require
disposal.
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The principal roll texturing systems used include:

¢ SBT (Shot Blast Texturing): This is a mechanical a