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PREFACE 
 

1 Status of this document  

 

Unless otherwise stated, references to óthe Directiveô in this document refer to Directive 

2010/75/EU of the European Parliament and the Council on industrial emissions (integrated 

pollution prevention and control) (Recast). 

 

This document is a working draft of the European IPPC Bureau (of the Commission's Joint 

Research Centre). It is not an official publication of the European Union and does not 

necessarily reflect the position of the European Commission. 

 

2 Participants in the information exchange 

 

As required in Article 13(3) of the Directive, the Commission has established a forum to 

promote the exchange of information, which is composed of representatives from Member 

States, the industries concerned and non-governmental organisations promoting environmental 

protection (Commission Decision of 16 May 2011 establishing a forum for the exchange of 

information pursuant to Article 13 of the Directive 2010/75/EU on industrial emissions (2011/C 

146/03), OJ C 146, 17.05.2011, p. 3). 

 

Forum members have nominated technical experts constituting the technical working group 

(TWG) that was the main source of information for drafting this document. The work of the 

TWG was led by the European IPPC Bureau (of the Commission's Joint Research Centre). 

 

3 Structure and contents of this document 

 

Chapter 1 provides general information on the ferrous metal processing industry (FMP) and on 

the industrial processes and techniques used within this sector. 

 

Chapters 2 to 6 provide the information given below on specific FMP sectors (i.e. hot rolling, 

cold rolling, wire drawing, continuous hot dip coating and batch galvanising). For each FMP 

sector, the chapter is structured as follows (X is the chapter number): 

 

¶ Section X.1 provides general information on the FMP sector. 

¶ Section X.2 provides information on applied processes and techniques. 

¶ Section X.3 provides data and information concerning the environmental performance of 

installations within the sector, and in operation at the time of writing, in terms of current 

emissions, consumption and nature of raw materials, and use of energy.  

¶ Section X.4 describes in more detail the techniques to prevent or, where this is not 

practicable, to reduce the environmental impact of operating installations in this sector 

that were considered in determining the BAT. This information includes, where relevant, 

the environmental performance levels (e.g. emission and consumption levels) which can 

be achieved by using the techniques, the associated monitoring, the costs and the cross-

media issues associated with the techniques.  

¶ Section X.5 presents information on emerging techniques as defined in Article 3(14) of 

the Directive. 

 

Chapter 7 provides information on the emissions for processes common to more than one sector, 

i.e. emissions to air from acid recovery and emissions to water from treatment plants processing 

waste waters that originate from more than one FMP sector. Other streams from non-FMP 

sectors may be treated together, but the main pollutant load originates from the FMP processes. 

Data on emissions to water from plants treating waste waters from only one FMP sector can be 

found in the respective sector-specific chapters 2 to 6 . 
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Chapter 8 provides information on the common industrial processes, abatement systems and 

general techniques that are used across more than one sector in the FMP industry. It describes in 

more detail the techniques to prevent or, where this is not practicable, to reduce the 

environmental impact of installations in this sector that were considered in determining the 

BAT. This information includes, where relevant, the environmental performance levels (e.g. 

emission and consumption levels) which can be achieved by using the techniques, the 

associated monitoring and the costs and the cross-media issues associated with the techniques. 

Sector-specific techniques to consider in the determination of BAT (i.e. those techniques to 

consider that are applied specifically in one sector) are described in chapters 2 to 6  

Chapter 9 presents the BAT conclusions as defined in Article 3(12) of the Directive, both 

general and sector-specific. 

 

4 Information sources and the derivation of BAT 

 

This document is based on information collected from a number of sources, in particular 

through the TWG that was established specifically for the exchange of information under 

Article 13 of the Directive. The information has been collated and assessed by the European 

IPPC Bureau (of the Commission's Joint Research Centre) who led the work on determining 

BAT, guided by the principles of technical expertise, transparency and neutrality. The work of 

the TWG and all other contributors is gratefully acknowledged. 

 

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

following steps: 

 

¶ identification of the key environmental issues for the feroous metal processing industry 

sectors; 

¶ examination of the techniques most relevant to address these key issues; 

¶ identification of the best environmental performance levels, on the basis of the available 

data in the European Union and worldwide; 

¶ examination of the conditions under which these environmental performance levels were 

achieved, such as costs, cross-media effects, and the main driving forces involved in the 

implementation of the techniques; 

¶ selection of the best available techniques (BAT), their associated emission levels (and 

other environmental performance levels) and the associated monitoring for this sector 

according to Article 3(10) of, and Annex III to, the Directive. 

 

Expert judgement by the European IPPC Bureau and the TWG has played a key role in each of 

these steps and the way in which the information is presented here. 

 

Where available, economic data have been given together with the descriptions of the 

techniques presented in sections of Techniques to consider in the determination of BAT. These 

data give a rough indication of the magnitude of the costs and benefits. However, the actual 

costs and benefits of applying a technique may depend strongly on the specific situation of the 

installation concerned, which cannot be evaluated fully in this document. In the absence of data 

concerning costs, conclusions on the economic viability of techniques are drawn from 

observations on existing installations. 

 

5 Review of BAT reference documents (BREFs) 

 

BAT is a dynamic concept and so the review of BREFs is a continuing process. For example, 

new measures and techniques may emerge, science and technologies are continuously 

developing and new or emerging processes are being successfully introduced into the industries. 

In order to reflect such changes and their consequences for BAT, this document will be 

periodically reviewed and, if necessary, updated accordingly. 
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6 Contact information 

 

All comments and suggestions should be made to the European IPPC Bureau at the Joint 

Research Centre (JRC) at the following address: 

 

European Commission 

JRC Directorate B - Growth and Innovation 

European IPPC Bureau 

Edificio Expo 

c/ Inca Garcilaso, 3 

E-41092 Seville, Spain 

Telephone: +34 95 4488 284 

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

Internet: http://eippcb.jrc.ec.europa.eu 

 

 

mailto:JRC-B5-EIPPCB@ec.europa.eu
http://eippcb.jrc.ec.europa.eu/
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SCOPE 
 

This document concerns the following activities specified in Annex I to Directive 2010/75/EU: 

 

2.3 Processing of ferrous metals: 

(a) operation of hot rolling mills with a capacity exceeding 20 tonnes of crude steel per 

hour; 

(c) application of protective fused metal coats with an input exceeding 2 tonnes of crude 

steel per hour. 

2.6 Surface treatment of metals using electrolytic or chemical processes where the volume of 

the treatment vats exceeds 30 m
3
 provided that cold rolling, wire drawing or batch 

galvanising are directly associated to the surface treatment. 

6.11 Independently operated treatment of waste water not covered by Directive 91/271/EEC, 

provided that the main pollutant load originates from the activities covered by this 

document. 

 

This document also covers: 

 

¶ cold rolling and wire drawing if directly associated with hot rolling and/or hot dip 

coating activities specified in Section 2.3 (a) or (c) of Annex I to Directive 2010/75/EU; 

¶ the combined treatment of waste water from different origins, provided that the waste 

water treatment is not covered by Directive 91/271/EEC and that the main pollutant 

load originates from the activities covered by this document. 

 

This document does not address the following: 

 

¶ production of welded tubes; 

¶ production of seamless tubes by extrusion; 

¶ metal coating by thermal spraying; 

¶ electroplating and electroless plating. This may be covered by the document for Surface 

Treatment of Metals and Plastics (STM). 

 

Other BAT conclusions and reference documents which could be relevant for the activities 

covered by this document include the following: 

 

¶ Iron and Steel Production (IS); 

¶ Large Combustion Plants (LCP); 

¶ Surface Treatment of Metals and Plastics (STM); 

¶ Surface Treatment using Organic Solvents (STS); 

¶ Waste Treatment (WT); 

¶ Monitoring of Emissions to Air and Water from IED Installations (ROM); 

¶ Economics and Cross-Media Effects (ECM); 

¶ Emissions from Storage (EFS); 

¶ Energy Efficiency (ENE); 

¶ Industrial Cooling Systems (ICS).  
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1 GENERAL INFORMATION ON THE FERROUS METAL 
PROCESSING 

 

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 are 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. NACE1) separate the sector into 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 óother first processing of steelô (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 a different basis and split the sector differently, 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 shown in Figure 1.1, was chosen.  

 

 

 
 

Figure 1.1: Hot and cold formed products covered by this BREF 

 

 

                                                      
1 General industrial classification of economic activities within the European Community. 
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2 HOT ROLLING 
 

2.1 General information on hot rolling 
 

2.1.1 Hot rolled flat products 
 

For the entire Section 2.1 'General Information on hot rolling', Please provide updated 

information for Tables 2.1 to Table 2.6 (Reference date; 1996 ï OLD DATA) 
 

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 2.1 

presents production data for individual flat products for each Member State in 1996.  
 

 

Table 2.1: Production of flat products in the EU-15 in 1996 

 HR wide flats 

 

[thousand t] 

HR narrow 

strip  

[thousand t] 

HR wide 

strip  

[thousand t] 

HR plate 

 

[thousand 

t]  

Total HR flat 

products 

[thousand t] 

Austri a 0 0 2 621 340 2 961 

Belgium 0 0 9 350 566 9 916 

Denmark 0 0 0 388 388 

Finland 0 0 1 670 576 2 246 

France 1 0 9 871 845 10 717 

Germany 103 623 19 138 2 748 22 612 

Greece 0 9 346 4 359 

Ireland 0 0 0 0 0 

Italy  185 48 8 061 1 385 9 679 

Luxembourg 0 0 0 0 0 

Netherlands 0 0 4 136 15 4 151 

Portugal 0 0 0 0 0 

Sweden 46 32 2 832 569 3 479 

Spain 0 190 3 385 575 4 150 

UK 88 145 7 396 958 8 587 

Total 423 1 047 68 806 8 969 79 245 
NB: Reference year 1996. 

Source: [Stat97] 

 

 

Regarding the total production of HR flats, Germany is the largest manufacturer with more than 

double the production of the next highest producers (France, Belgium, Italy and the UK). The 

vast majority of HR flat products is wide strip. 
 

At the beginning of 1993, there were 74 production units for flats in operation in the EU-12. 

The number and size of these plants are given in Table 2.2. 
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Table 2.2: Size distribution of flat product manufacturi ng facilities 

 

 Total number of 

plants 

Total average 

hourly technical 

capacity 

[t/h]  

Number of plants with 

an average hourly 

technical capacity over 

20 t/h 

Narrow strip mills 17 45 15 

Wide strip mills 25 474 25 

Heavy and medium 

plate mills 
32 109 23 

Sheet mills 7 12 NI 

Universal flat mills 2 31 NI 

Re-rolling mills for 

hot wide strip 
8 677 NI 

NB: NI = No information provided. 

Source: [EUROSTAT] 

 

 

2.1.2 Hot rolled long products 
 

The remaining 38 % of HR products are categorised as long products. Production figures for all 

Members States are given in Table 2.3. 
 

 

Table 2.3: Production of long products in the EU-15 in 1996 

 Track 

material 

[thousand 

t]  

Heavy sections/ 

profiles 

[thousand t] 

Reinforcing 

steel bars 

[thousand 

t]  

Merchant 

bars 

[thousand 

t]  

Wire rod  

 

[thousan

d t] 

HR long 

products 

[thousand 

t]  

Austria  238 0 159 90 389 876 

Belgium 0 61 8 174 805 1 048 

Denmark 0 0 58 158 0 216 

Finland 1 0 91 210 294 596 

France 255 303 923 1 215 1 766 4 462 

Germany 243 1 914 1 566 1 287 5 268 10 278 

Greece 0 0 635 56 197 888 

Ireland 0 311 0 0 0 311 

Italy  106 927 3 725 3 538 3 270 11 566 

Luxembourg 55 1 255 282 260 463 2 315 

Netherlands 0 0 453 0 152 605 

Portugal 0 0 523 0 138 661 

Sweden 48 17 128 587 107 887 

Spain 64 1 180 2 315 1 381 1 883 6 823 

UK 211 1 951 650 2 071 2 147 7 030 

Total 1 221 7 919 11 516 11 027 16 879 48 562 
Source: [Stat97] 

 

 

The two major manufacturing countries are Italy and Germany, followed by the UK and Spain. 

The largest part of the long products sector in tonnage terms is the production of wire rod which 

accounts 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 2.4 compiles the size distribution for the long product manufacturing facilities. In 1993, a 

total of 306 units were in operation. 
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Table 2.4: Size distribution of long product manufacturing facilities 

Hourly technical 

capacity (HTC) [t/h] 

< 20 

 

20ï39 

 

40ï59 

 

60ï79 

 

80ï99 

 

100ï119 

 

120ï139 

 

>= 140 

 

Total 

 

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 

bars in coils 
0 3 3 2 4 0 4 3 19 

HTC [t/h] < 30 30ï49 50ï69 70ï89 >= 90 NI NI NI Total 

Heavy sections + 

merchant bars 
3 2 4 3 1 NI NI NI 13 

HTC [t/h] < 20 20ï39 40ï59 60ï79 80ï89 >= 90 NI NI Total 

Merchant bars only 55 12 12 7 2 1 NI NI 89 

HTC [t/h] < 20 20ï39 40ï59 60ï79 80ï99 100ï149 NI NI Total 

Merchant bars + 

reinforcing bars in 

length 

3 5 4 2 7 2 NI NI 23 

* Except extrusion presses, forging machinery and sheet piling profiling lines.  

NB: NI = No information provided. 

Source: [EUROSTAT] 

 

 

2.1.3 Hot rolled tubes 
 

With a production accounting for 20.9 % of the worldôs total production, the EU is the largest 

manufacturer of steel tubes, followed by Japan and the US. The European steel tube industry 

has a highly concentrated structure. Five countries - Germany, Italy, France, the UK 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 an estimated 193 companies. [CEAM] 

 

Steel tubes cover three product categories, which differ considerably in terms of the 

manufacturing process, raw materials, and investment requirements. These categories are 

classified as: 

 

¶ seamless tubes; 

¶ welded steel tubes with a circular cross section of over 406.4 mm in outside diameter; 

¶ welded steel tubes with a circular cross section up to and including 406.4 mm in outside 

diameter together with welded steel tubes with a non-circular cross section of any diameter.  

 

It should be noted that sometimes tubes of different categories (e.g. seamless and welded tubes) 

and of different grades (e.g. commercial grade, high quality) are manufactured in the same mill. 

 

About 26.4 % of the tubes produced are seamless tubes, and of the remaining 73.6 % welded 

tubes about 18.9 % have a large diameter. The majority of the total steel tube sector is small-

diameter tubes with a share of 54.7 %. [CEAM] 
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Table 2.5 shows the steel tube production and number of sites and number of employees for 

individual Member States. 

 

 
Table 2.5: Steel tube production, number of plants and employees 

 Seamless 

steel tubes 

[thousand t] 

(
1
)
 

Welded steel 

tubes 

[thousand t] (
1
)
 

Total steel 

tubes 

[thousand t] (
1
)
 

Number of 

production 

sites (
2
)
 

Number of 

employees (
2
)
 

Austria  234 255 489 N/A N/A 

Belgium NI 118 118 3 554 

Denmark NI 60 60 4 1 100 

Finland NI 330 330 N/A N/A 

France 566 834 1 400 32 8 785 

Germany 1295 1 991 3 286 65 22 774 

Greece N/A N/A N/A 26 840 

Ireland N/A N/A N/A 1 45 

Italy  711 2 508 3 219 49 9 050 

Luxembourg NI 95 95 N/A N/A 

Netherlands NI 393 393 5 775 

Portugal NI NI NI 2 380 

Sweden 131 90 221 N/A N/A 

Spain 242 662 904 29 4 200 

UK 73 1 215 1 288 36 6 325 

Total 3 252 8 551 11 803 252 54 828 
(1) Reference year 1996. 

(2) Reference year 1994. 

NB: NI = No information provided. 

Source: [CEAM] 

 

 

As can be seen in Table 2.6, plants producing welded steel tubes are predominantly small and 

medium-sized plants, with only 22 out of 161 plants having more than 500 employees. With 

plants producing seamless tubes this is less the case, as 13 out of 32 plants can be characterised 

as large plants. 

 

 
Table 2.6: Number and size of tube plants in 1994 

 Number of companies 

Small plants 

(< 100
*
) 

Medium 

(100ï499
*
) 

   Large Total 

(500ï999*) (> 1 000*)  

Seamless tubes 5 14 6 7 32 

Welded steel tubes: 78 61 14 8 161 

Welded tubes  

OD > 406.6 mm 

 

6 

 

17 

 

2 

 

2 

 

27 

Welded tubes 

OD Ò 406.4 mm 

 

72 

 

44 

 

12 

 

6 

 

134 

Total 83 75 20 15 193 
* Number of employees. 

Source: [CEAM]  
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2.2 Applied processes and techniques in hot rolling 
 

Not all information received from the TWG has yet been revised and incorporated in this 

section. This will be done after draft 1. 

 

2.2.1 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 1 050 °C 

to 1 300 °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 a square cross section, are used for the manufacture of slabs 

and blooms in slabbing/blooming mills. Slabs and blooms are further processed to plates or 

strips in 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 % (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 (400ï2 500 mm wide and 40ï500 mm thick) are semi-finished, continuous cast products 

for the rolling of flat products. 

 

Billets (of a square or rectangular shape with cross sections of 2 500 mm
2
 to 14 400 mm

2
 

(50 mm x 50 mm to 120 mm x 120 mm)) and blooms (of a square or rectangular shape with 

cross sections of 14 000 mm
2
 up to approximately 100 000 mm

2
 (120 mm x 120 mm up to 

250 mm x 400 mm)) are semi-finished continuous cast products used for the rolling of long 

products. 

 

Beam blanks (with dimensions of 170 mm x 240 mm up to 500 m 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:  

 

¶ Surface rectification 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 ólong productô in this 

document.  

 

Figure 2.1 shows an overview of products manufactured for various purposes and applications. 
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Figure 2.1: Overview of hot rolled products 

 

 

Hot rolling mills are classified by the type of product that they produce and by their design 

features. The following chapters give an insight into the different mill layouts and 
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manufacturing sequences. More detailed information on the individual processing steps, which 

are often similar in different mills, is given thereafter. 

 

 

2.2.1.1 Blooming/Slabbing mills 
 

Blooming and slabbing mills are used to roll cast ingots into semi-finished products, like 

blooms and slabs, for further processing in other mills. The raw material is heated in soaking 

pits to around 1 300 °C and subsequently formed on heavy two-high reversing stands in 15ï30 

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 repeatedly rotated 90 ° on 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 may be removed by flame deseaming (scarfing). 

[Ullmannôs] 

 

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 2.7). 

 

Please provide updated information for Table 2.7  

(Reference date; 1993 ï OLD DATA) 

 

 
Table 2.7: Semi-finished product mills 

 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 

Source: [EUROSTAT] 

 

 

2.2.1.2 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 approximately 120ï300 (500) mm to approximately 20ï

50 mm (transfer bar). Roughing can also include a reduction in width. 

 

This roughing is done either in several passes through an individual rolling stand by repeated 

reversing, or in a continuous pass through several roughing stands. The designations of strip 

mills (semi-continuous hot strip mill, 3/4 continuous hot strip mill and continuous hot strip mill, 

see Figure 2.2) originate from this plant configuration. 
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NB: E = Edger; R = Roughing stand; F = Finishing stand. 

Source: [EUROFER HR] 

Figure 2.2: Typical designs for hot strip mills 

 

 

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 mm and approximately 

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] 

 

Steckel mill 
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A special method of hot strip production is rolling in so-called Steckel mills.  Here the raw 

material 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. 

 

 

 
NB: E = Edger; R = Roughing stand; F = Finishing stand. 

Source: [EUROFER HR] 

Figure 2.3: Typical Steckel mill configuration  

 

 

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. 

 

 

 
Source: [EUROFER HR] 

Figure 2.4: Steckel mill with coiling furnaces 

 

 

Sendzimir planetary mill 

Mill s of this type are characterised by the use of rotating back-up 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 back-up rolls in a synchronised manner. To 
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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 the planetary type and either a rotating top roll or fixed die is arranged above the 

passline - and the óKrupp-Platzerô planetary mill where intermediate rolls are arranged between 

the work rolls and back-up roll. [EUROFER HR] 

 

 

 
Source: [EUROFER HR] 

Figure 2.5: Planetary mill (Sendzimir) 

 

 

2.2.1.3 Plate mills 
 

Production of heavy plates (thickness between 5.0 mm 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 maximum 500 °C for further processing.  [EUROFER 

HR]  
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Source: [EUROFER HR] 

Figure 2.6: Typical plate mill configuration  

 

 

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 before or after 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 ósandwichesô 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 in hot strip mills or in 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] 

 

 

2.2.1.4 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. 
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Wire rods  
Wire rods generally have circular cross sections with a diameter of 5 mm to 14 mm. Larger 

cross sections and different section shapes such as oval, square, hexagonal, octagonal, etc. can 

also be rolled in wire rod mills with adequately shaped rollers. Hot rolled wire rod is mainly 

used for further processing by cold drawing or cold rolling. 

 

 

 
NB: Example of a 2-strand, 30-stand wire rod mill with Stelmor controlled cooling. 

Source: [EUROFER HR] 

Figure 2.7: Typical layout of a wire rod mill  

 

 

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 two high and their number is generally in excess of 25, depending on the cross 

section of the billets feeding the mill (80ï155 mm). Roughing and intermediate sections may be 

multi-strand (up to four 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 in 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 airflow gives the wire rod the desired microstructure 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 1 600 mm
2
 and concrete reinforcing bars (re-bars) with round cross 

sections, 6ï40 mm in diameter, mostly with ribs on their surface.  

 

Bar rolling mills are similar to the first sections of wire rod rolling mills. They generally have 

single-strand two-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 óopenô type.  

 

After cooling, the bars are cut to commercial lengths and may be straightened by a cold 

straightening machine. 

 

Re-bars are often heat-treated in-line by intensive water-cooling to obtain a 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] 

 



Chapter 2 

SM/EA/GK/JG/EIPPCB/FMP_Draft 1 March 2019 15 

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 óbright steel barsô, with the 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 mainly have a 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. 

 

 

2.2.1.5 Structural/Section mills 
 

Like 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, two-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 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 cut 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/structures, either duo-stands with two 

grooved rolls or óuniversalô stands with two horizontal and two vertical rolls are used as shown 

in Figure 2.8and Figure 2.9. 

 

 

 
Source: [EUROFER HR] 

Figure 2.8: Profiled rolls for sheet piling sections 
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Source: [EUROFER HR] 

Figure 2.9: Universal stands for parallel flanged products 

 

 

Geometry control is of the utmost importance in section rolling as relatively tight tolerances are 

common for hot rolled sections. Measuring devices applying sophisticated techniques including 

laser beam technology and radioactive sources are commonly used. 

 

The designs of section mills vary greatly according to the manufacturing programme. Figure 

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 microstructure for high-strength and high-ductility applications.  

 

 

 
Source: [EUROFER HR] 

Figure 2.10: Plant layout of a heavy section mill  
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Figure 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 óopenô type with one common drive. The two-

high finishing stand can be replaced by a universal stand for the production of parallel flanged 

products. 

 

 

 
Source: [EUROFER HR] 

Figure 2.11: Plant layout of a heavy/medium section mill for sheet piling 

 

 

Section mills increasingly use near-net-shape, continuously cast semis called beam blanks (see 

Figure 2.12) to increase productivity and decrease energy input. 

 

 

 
Source: [EUROFER HR] 

Figure 2.12: Examples of beam blanksô cross sections 

 

 

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 applied more and more. Considerable savings in energy consumption may be achieved, but 

this depends on the proximity of the rolling mill to the continuous casting plant.  

 

 

2.2.1.6 Tube mills 
 

Seamless tube 
 

Seamless tube production basically consists of the following manufacturing steps: 

 

¶ heating of the input; 

¶ piercing (press-piercing or oblique rolling); 

¶ elongation/stretching; 

¶ final rolling; 

¶ heat treatment. 
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The most important types of plants used today are mandrel mills, plug mills, push bench mills 

and pilger mills. Figure 2.13 and Figure 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. 

 

 

 
1 Rotary hearth furnace 5 Reheating furnace 

2 Cross-rolling piercer 6 Stretch-reducing mill (offset 60 °) 

3 Mandrel mill (offset 45 °) 7 To cooling bed and finishing lines 

4 Stripper 

Source: [Tech Metal] 

Figure 2.13: Mandrel mill  
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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 

Source: [Tech Metal] 

Figure 2.14: Plug mill  

 

 

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 6ï8 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 2ï10 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.  

 

 

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 1.1shows a schematic of continuous tube 

production (Fretz-Moon process). 
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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 
o
 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).  shows the main tube welding processes. 

 

 

 
a  Fretz-Moon welding process 

b  High-frequency conductive welding 

c  High-frequency inductive welding 

Figure A.2-16: Tube welding processes 

[EUROFER HR]  

 

 

2.2.2 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 the rolled product has flawless surfaces. 

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 

carried out manually or by machines. Manual grinding is performed by use of handheld power 

tools, in some cases in booths equipped with fume extraction to bag filter units. Grinding 

machines are equipped with a roller table on which the workpiece is supported and on which it 

can be moved. The grinding wheel is mounted on a carriage that permits it to be moved back 
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and forth over the workpiece. 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 slabs to size 

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.  

 

 

2.2.3 Reheating and heat treatment furnaces 
 

For hot rolling, the steel input has to be heated to appropriate rolling temperature between 

1 050 °C and 1 300 °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 SO2 and NOX). 

 

 

2.2.3.1 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 50ï170 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 steel is increasingly continuously cast, a 

process, which often bypasses the soaking pits. An example of the soaking pit furnace is shown 

in Figure 2.15. [EUROFER HR] 

 

 

 

 
 
Source: [ETSU-NP-54] 

Figure 2.15: Pit furnace 
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Another type of 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 target 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] 

 

 

2.2.3.2 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 

furnace), 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 2.16 and Figure 2.17 respectively. The largest currently in operation are 

walking beam furnaces of approximately 125 MW (Th) and pusher furnaces of 200 MW (Th). 

[EUROFER HR] 

 

 

 
Source: [DFIU98] 

Figure 2.16: Pusher-type furnace 

 

 

 
Source: [ETSU-G77] 

Figure 2.17: Walking beam furnace 

 

 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































