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It’s been more than 60 years since SMS Siemag AG
designed and constructed its first plants for treatment, processing, and quality control of carbon steel,
electric steel, stainless steel, and aluminum strip.
Today, our product range includes plants for pickling,
annealing, coating, leveling, trimming, cutting, and
inspecting your strip. Common to all of these solutions is high cost-effectiveness that results from
constant improvement, quality consciousness, and
a focus on saving resources. This goes hand in hand
with modular designs so you can put together the
solutions you want – either stand-alone machines,
complete lines, or plants integrated into existing lines.
Now, for almost ten years, our Strip Processing Lines
Division has been settled in a single location in Hilden
to the south of Düsseldorf, Germany. There are also
additional locations where partner companies and
further SMS Siemag outfits support the work of the
Division.
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Central to the design, construction, and commissioning of a strip processing line are the starting materials
and the final products the customer demands. Different materials require special strip treatment plants
geared to the production routes and the specific
properties of the materials. That’s why this brochure
deals separately with the various materials, devoting
individual chapters to carbon steel, electrical steel
strip, stainless steel, and aluminum. Each chapter
tells you about the main strip processing plants for
the material and gives you an overview of the most
recent reference projects, plus a specific example.
Finally, you can read about some of our latest developments designed to constantly increase the performance of our plants.
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Strip processing lines for carbon steel

HIGH-QUALITY STEEL STRIP –
for a variety of applications
Fit for the future with our strip
processing lines for carbon steel plate

Strip processing lines for
every application

Its great properties continue to make carbon steel
the go-to material for a whole range of applications.
You can see carbon steel plates being used, for
instance, by manufacturers of autos, electrical appliances, white goods, and in the construction and engineering industries. Even so, the material’s potential is
far from being exhausted – new steel grades are being
developed for specific applications all the time. So,
what do you need to produce modern steel plate with
outstanding properties and first-class surface quality?
The very best strip processing lines featuring cuttingedge technology.

SMS Siemag builds and modernizes strip processing
lines for quality steel strip with superior mechanical
properties and high surface quality for all applications:
Continuous pickling lines (CPL)
Pickling/tandem mills (PL/TCM)
Pickling line/tandem cold mills
Continuous annealing lines (CAL)
Hot-dip galvanizing lines (CGL)
Electrolytic coating lines (ETL, EGL)
Color coating lines (CCL)
Heavy shear lines (CCSL)
Acid regeneration plants (ARP)

Outstanding properties and
first-class surface quality
Take today’s high-strength steel strip for the automotive industry. It comes with very good shaping and
processing properties, making it ideal for components
that meet exacting crash standards despite low
thicknesses. These products must also conform to
extremely narrow tolerances in terms of mechanical
values and geometric dimensions, while also offering
good cold-forming properties, high surface quality,
good weldability, and extreme flatness.

Key to abbreviations for material qualities
CQ
Commercial Quality
DQ
Drawing Quality
DDQ
Deep-Drawing Quality
EDDQ
Extra Deep-Drawing Quality
SEDDQ
Super Extra Deep-Drawing Quality
HSS
High-Strength Steel
DQ-HSS
Drawing Quality High-Strength Steel
BH-HSS
Bake Hardening High-Strength Steel
IF
Interstitial-Free Steel
DP
Dual-Phase Steel
TRIP
Transformation Induced Plasticity
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High-quality steel strip in a strip
processing plant from SMS Siemag.

Due to its high corrosion-resistance, galvanized steel strip
is often used in the construction industry.

Increasingly important in the automotive industry are
high-strength, high-ductility grades.

White goods demand high
surface quality.
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Strip processing lines for carbon steel

Continuous PICKLING LINES
and PICKLING LINE/TANDEM
COLD MILLS
Optimal descaling without over-pickling
To produce higher quality, scale-free strip surfaces, you need acid cleaning – or pickling. Yet it’s clear that the
demands on pickling plants have steadily increased, in terms of both technology and eco-friendliness. Patented
SMS Siemag turbulence pickling for descaling steel strip with hydrochloric acid is practice-proven, and we continually upgrade the process to meet new requirements. Our plants clean effectively without over-pickling the steel
strip. But that’s not all. You also benefit from a process that ensures lower energy and acid consumption, low
maintenance and operating costs, and long service life.

The turbulence pickling
process

Regeneration
technology

Turbulence pickling is an advancement on flat-bath pickling. The operator can actively control the vital
parameters temperature, turbulence, and acid concentration to
achieve exactly the right conditions
for the current job. A process model
automatically controls the settings.
SMS Siemag supplies both continuous pickling plants and coupled
Pickling line/tandem cold mills. All
our plants are capable of process
speeds in the pickling section of
more than 300 m/min.

Also available to you is an ideal supplement to our pickling plants – the
acid regeneration plants specially
developed by SMS Process Technologies. They offer you low investment and operating costs, high
effectiveness, smooth automation,
and mature, reliable technologies.

Acid regeneration plant from
SMS Process Technologies.
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A bonus is that, at the end of the
various processes, resources
are re-used, because the acid is
regenerated and fed back into the
process, and even the removed
scale is recycled.

High-quality pickled
steel strip.

The patented immersion cover minimizes acid
evaporation and energy losses.

Nozzle beams spray the heated acid into the pickling channel,
generating high turbulence (here with open immersion cover).

A hydrodynamic sealing device separates the acid
cascades for precise gradation with a minimum of
mechanical components.
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Process sequence in a typical pickling line from SMS Siemag
Two payoff reels 1 feed individual strips into the entry section, where a welding machine 2 joins them into
endless strip. The process stage consists of the scale breaker and turbulence pickling section, and is separated
from the entry and exit areas by two or if necessary three loopers 3 that keep the strip speed in the process
section constant. The horizontal loopers are located underneath the process part. As a preparation for pickling,
a scale breaker 4 breaks up the scale on the strip surface. This simultaneously improves the strip flatness,
ensuring smooth passage through the turbulence pickling tanks 5 without any sagging. Here, nozzle beams
spray heated acid into the pickling channel, generating turbulence so that fresh acid constantly washes over the
strip surface.

4
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Latest references
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Year of contract

Customer

Plant

2011

Gazi Metal, Turkey

Semi-continuous pickling line

2011

JSW Steel, India

Pickling ling/tandem cold mill

2011

Bhushan Steel, India

Pickling ling/tandem cold mill

2008

Shougang Jingtang, China

Pickling ling/tandem cold mill

2007

Handan Iron & Steel, China

Pickling ling/tandem cold mill

2007

ThyssenKrupp Steel, USA

Pickling ling/tandem cold mill

2007

ThyssenKrupp Steel, USA

Continuous pickling line

2007

Ilva Cornigliano, Italy

Continuous pickling line

2007

MMK, Russia

Pickling ling/tandem cold mill

Acid penetrates into the cracks in the scale and heats the strip. Next in line is a cascade rinsing section 6
that removes the residual acid from the strip, then the strip is dried with hot air 7 . It travels on to the exit
area, where a side trimmer 8 straightens the edges and cuts the strip to width. In the inspection stand 9 ,
the surface quality is checked. A contact-free electrostatic oiling machine 10 coats the strip surface with oil.
Finally, the strip is cut and wound into coils on a coiler 11 or forwarded to a tandem cold mill.
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Strip dimensions [mm]
Width
Thickness

Speed [m/min]
Entry
Process

Exit

600 - 1,550

1.5 - 6.0

120

100

120

350,000

900 - 2,080

1.5 - 6.5

750

300

1,450

2,300,000

800 - 1,750

1.2 - 6.0

600

270

1,800

1,800,000

900 - 2,080

1.5 - 6.0

700

270

1,400

2,313,700

930 - 2,080

1.8 - 6.0

700

270

1,400

2,150,000

825 - 1,850

2.0 - 6.0

750

270

1,200

2,500,000

900 - 1,870

1.5 - 6.0

170

110

145

1,100,000

700 - 1,880

1.8 - 5.5

500

250

320

1,900,000

880 - 1,880

1.2 - 6.0

700

280

1,500

2,100,000

11

Capacity [t/a]
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Continuous PICKLING PLANT
with ACID REGENERATION at
Salzgitter steel production center
Top productivity and flexibility
Salzgitter Flachstahl is the largest subsidiary of Salzgitter AG. The company produces a huge range of
conventional and innovative flat products exactly geared to the industry’s requirements. This demands the
very best plant technology which meets the high performance that SZFG expects. In the new continuous
pickling plant built and erected by SMS Siemag the strip gets its flawless surface quality before further
processing.

Technological highlights
Salzgitter was very clear about what
it wanted from the technology and
performance of the plant. Among
the highlights are a capacity of
2.5 million t of strip per year. The
plant is capable of processing a
very wide product range, right up to
newly developed grades with high
yield strengths. Included here are
steels that are a challenge to weld,
yet the laser welding machine developed by SMS Siemag can deal with
this demanding product mix. The
plant produces steel grades such as
C60 and C67. To cope with the high
speed of 650 m/min at the entry,
the plant is equipped with looper
cars that can be moved at speeds
of up to 145 m/min.

ing, a horizontal exit looper, a side
trimmer, an inspection stand, an
oiler, and a pay-on coiler. It also features an array of measuring, control,
and surface inspection systems as
well as devices for marking and
packaging.
Acid regeneration
A pickling plant with this kind of
capacity generates vast quantities
of spent hydrochloric acid and rinsing
water. That’s why SMS Process
Technologies fitted the continuous

pickling line with Europe’s most powerful acid regeneration plant. It uses
the fluidized bed process, and
regenerates up to 12 cubic meters
of spent acid per hour, recovering
almost 100% of the acid.
Without the regeneration plant, many
tanker-loads of acid would have to
be added to the process every day.
But, besides the acid, the regeneration plant also recovers the iron
removed from the strip. What comes
out is iron oxide granulate, which can
be recycled in steel manufacturing.

Plant components
Essentially, the plant consists of two
payoff reels, an SMS Siemag welding machine, a horizontal entry
looper, a scale breaker, a turbulence
pickling section with four pickling
tanks, plus cascade rinsing and dryCoil preparation in
the entry section.
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Exit section.

Circulation tank.

Salzgitter CPL
Commissioned

2008

Material

CQ, DQ, DDQ, EDDQ,
SEDDQ, HSS-CQ, HSS-DQ,
BH-HSS, DP

Strip width
Strip thickness

800 to 1,900 mm
1.5 to 6.0 mm

Capacity

2,500,000 t/year

Speed:
Entry
Process
Exit

650 m/min
250 m/min
500 m/min

View of the plant from the entry side.
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Continuous
Continuous pickling/tandem
pickling/tandemcold
mill mill
for SEVERSTAL COLUMBUS
Complete cold strip mill from one source
Building on a greenfield site in the U.S. state of Mississippi, Severstal Columbus has erected a complete cold
strip mill with all the process stages required for automotive qualities. That puts the facility practically on the
doorstep of international auto manufacturers and many other new industries located in the booming southern
states, where it can directly supply them with high-quality steel strip. SMS Siemag attracted the order for all the
production plants, from the steelmaking works and a CSP plant to a pickling line/tandem cold mill, through to a
hot-dip galvanizing line.

Severstal Columbus
The idea behind this Severstal
Columbus project was to build a
complete cold strip works in the
southern USA to directly supply the
industry located there. Naturally,
this called for careful planning
before a contract was signed with
SMS Siemag in September 2005.
Then the project took off, with the
foundation stone laid on October
28, 2005. Severstal Columbus is
part of the Russian steel manufacturer OAO Severstal, one of the
world’s largest steel companies.

Horizontal strip loopers ensure
continuous operation of the plant.

Commissioning ahead
of schedule
On December 21, 2006 – some six
weeks before the projected deadline at the end of January 2007 –
the pickling plant successfully
produced its first coil. Since then,
Severstal has continued manufacturing pickled and oiled strip with
this equipment. Assembly of the
tandem mill was completed in
April 2007, followed by the link-up
to the pickling line.

12

The plant either produces coldrolled strip in coupled operation,
or pickles and oils hot strip in noncoupled mode. Each year, the pickling line handles 1,252,000 t of
steel strip, of which 907,200 t are
cold-rolled on the coupled tandem
mill. After this, the cold-rolled strip
either goes on to the hood annealing station and skin-passing mill,
or is galvanized in the hot-dip-galva-

nizing line also supplied by SMS
Siemag. This is how CSP material
can be transformed into products
such as auto body panels.

Entry of the strip still covered in scale
into the turbulence pickling tanks.

The side trimmer cuts the pickled strip to
the width specified by the customer.

Material from the CSP plant is descaled
and cold rolled in the pickling line/tandem cold mill.

The pickling line/tandem cold mill
features two coilers in the exit section.

Severstal Columbus
combined pickling line/tandem cold mill
Commissioned

2006

Material

CQ, DQ, DDQ, EDDQ, IF, HSS

Strip width

914 to 1,880 mm

Strip thickness (entry)

1.4 to 5.0 mm

Strip thickness (exit)

0.27 to 1.4 mm

Capacity

1,252,000 t/year

Speed:
Entry
Process
Exit pickling line
Exit tandem mill

450 m/min
150 m/min
230 m/min
1,250 m/min
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CONTINUOUS ANNEALING LINES
for CARBON STEELS
Modern annealing and cooling technologies for high-strength steels
To meet the demand for ever-better steel strip, a whole range of innovative grades has been developed. It’s
no surprise that the automotive industry increasingly uses multi-phase steels, because of their high strength yet
good ductility. Not only here, but also in other industrial applications, producers require steels that are strong,
weldable, have flawless surfaces, and are easily shaped – usually by deep-drawing. These steels can only be
processed in annealing lines equipped with modern annealing and cooling technologies.

Automatically controlled
and precisely defined
annealing and cooling
processes
This is where annealing lines from
SMS Siemag stand out from the
crowd. They restructure the grain
formed during cold rolling to
achieve the specified mechanical
properties. Following a special temperature curve, the strip is annealed
and cooled according to exactly
defined and automatically controlled
process sequences with different

temperatures, holding times, strip
speeds, and cooling rates for each
steel grade and strip geometry. Also
in demand for automotive production is non-galvanized strip from
annealing lines with state-of-the-art
annealing and cooling technologies,
as well as high-quality post-treatment.
Extensive know-how
SMS Siemag has always been a
driving force behind the development of continuous annealing lines,

Drever furnace in a continuous annealing line.
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and today supplies all the equipment and know-how required for
the construction and operation of
these plants. Backed by many
years of experience and constant
development work, our employees
draw on extensive expertise in
the production of all commercial
steel grades and qualities. We
cooperate with the market leader
in annealing furnaces for strip processing lines, Drever International,
to bring you the very latest furnace
technologies.

Continuous annealing line with worldrecord capacity of 1.2 million t at Hyundai
Hysco.

Strip looper in an annealing line from SMS Siemag.
Annealing curves of various steel grades.

Annealed and oiled coils ready to go.

Heating

Holding Cooling

Overageing

Final cooling

Strip travel through the furnace
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Process sequence in a continuous annealing line from SMS Siemag
First, the strips in the entry area of the annealing line are paid out alternately from two reels 1 and the ends
joined in a welding machine 2 to form an endless strip. Then the strip progresses through a multi-stage cleaning
section 3 that removes the last residues from cold rolling. Next in line is a looper 4 that disconnects the entry
area from the process area. In the downstream furnace 5 , the strip goes through an exactly defined, multi-stage
annealing process consisting of pre-heating, heating, holding, rapid and slow cooling, overageing, and final cooling. The process is automatically set to specific annealing curves for each steel grade and strip geometry. This
also applies to the transition area around the weld seam when the material or geometry changes.
4
5

3
1

2

Latest references
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Year of contract

Customer

Plant

2011

Shougang Jingtang, China

Continuous annealing line for tinplate

2011

Bhushan Steel, India

Continuous annealing line

2010

American customer

Continuous annealing line

2009

Yichang Three Gorges, China

Continuous annealing line for tinplate

2009

Yichang Three Gorges, China

Continuous annealing line for tinplate

2008

Shougang Jingtang, China

Continuous annealing line

2008

Handan Iron & Steel, China

Continuous annealing line

2007

ThyssenKrupp, USA

Combined hot-dip galvanizing and annealing line

2007

MMK, Russia

Combined hot-dip galvanizing and annealing line

2007

Shougang Jingtang, China

Continuous annealing line

2005

Hyundai Steel, Korea

Combined hot-dip galvanizing and annealing line

Next there is another looper 6 that compensates for standstill times in the exit area. Then the strip travels
through a skin-passing mill 7 that gives it a defined surface roughness and sets the required material properties. That is followed by another looper 8 , responsible for compensating the inspection and coil change
times. Downstream of this are a side trimmer 9 for cutting to the right strip width, an inspection station 10
to check the quality, and an oiling machine 11 for applying surface protection. Finally, a flying crank shear 12
cuts the strip into lengths, and two coilers 13 wind it into coils.

6

8
7

9

10

11

12 13

Strip dimensions [mm]
Width
Thickness

Speed [m/min]
Entry
Process

Exit

Capacity [t/a]

700 - 1,280

0.12 - 0.55

1,000

750

1.100

436,500

800 - 1,750

0.25 - 2.5

700

480

700

1,200,000

700 - 1,650

0.6 - 2.3

200

140

200

500,000

1,000 - 1,250

0.14 - 0.4

720

600

750

350,000

1,000 - 1,250

0.14 - 0.4

720

600

750

350,000

1,000 - 2,080

0.4 - 2.5

700

420

820

1,117,500

900 - 2,080

0.3 - 2.5

700

450

820

1,040,000

920 - 1,870

0.5 - 2.3

300

220

300

565,000

850 - 1,880

0.3 - 3.0

475

300

475

650,000

750 - 1,580

0.3 - 2.5

700

420

820

830,000

800 - 1,860

0.35 - 2.3

560

400

600

750,000
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Continuous annealing line for
SHOUGANG-COMPLEX in Bejing
Clean technology for high-quality cold strip
Home to 15 million people, Beijing represents a huge environmental challenge. Now, the China Shougang
Corporation is showing the way forward in the region with its new, clean plants from SMS Siemag. Shougang
has abandoned its old works complex to the west of Beijing and relocated east. Here, a consortium led by
SMS Siemag erected a continuous annealing line plus a state-of-the-art pickling line/tandem cold mill for topquality cold strip with excellent deep-drawing properties.

High-performance
furnaces from Drever
The high-performance annealing
furnace from Drever integrated in
the line is designed for a wide product range including modern multiphase and TRIP steels. Standout
features of Drever furnace technology are the vertical radiant-tube
furnaces and cooling technologies
already installed in many steelworks. Here’s a summary of the
process: Following a defined
annealing curve, the strip is efficiently annealed and cooled in an
eco-friendly way. A protective gas
atmosphere with a hydrogen content of 5% or less prevents oxidation on the strip surface in the
heating zones. A constant slight
overpressure in the furnace keeps
out the ambient air so that no oxygen can get in. Depending on the
type of steel, the heating zone
heats it to between 730 and 850 °C.
Finally, there is a choice of cooling
options for flexible setting of the
microstructure.
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Pre-cleaning, entry looper, and
Drever annealing furnace.
Surface inspection.

View of the entry section with welding
machine from the control desk.
Annealed coils in the warehouse.

SHOUGANG CAL

High-quality strip treatment
Upstream of the annealing section is a multi-phase cleaning zone that removes the last of the contaminants from
cold rolling. The efficient technologies applied here minimize the consumption of water and cleaning agents.
Included in the post-treatment equipment is a six-high
skin-passing mill. Rolling technologies from SMS Siemag
such as CVC intermediate roll shifting and work roll or
intermediate roll bending give the strip the desired material, surface, and flatness characteristics. This ensures
properties such as easy coating capability.

Commissioned

2008

Material

CQ, DQ, DDQ, EDDQ,
SEDDQ, CQHSS,
DQ-HSS, BH-HSS,
DP and TRIP

Strip width

800 to 1,870 mm

Strip thickness

0.3 to 2.5 mm

Capacity

950,000 t/year

Speed:
Entry
Process
Exit

700 m/min
420 m/min
820 m/min
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HOT-DIP GALVANIZING LINES
and electrolytic coating
Metallic coating lines from SMS Siemag
There are good reasons for galvanizing steel strip. This treatment provides an effective, durable, and low-cost
corrosion protection layer, while also increasing mechanical strength. As a bonus, the material is enhanced
with sleek good looks. SMS Siemag draws on the experience and know-how gained from more than 45 years
of installing hot-dip galvanizing lines for steelmakers around the globe. We also supply our customers with
electrolytic coating lines for galvanizing, tin or chrome coating.

Hot-dip galvanizing

Electrolytic coating

Hot-dip galvanizing lines from SMS
Siemag are the last word in quality,
efficiency, and capacity. Although
the basic principle of hot-dip galvanizing strip has not changed significantly in its very successful history,
there have been constant improvements, with new technological solutions integrated regularly.

Whatever coatings you want, our
electrolytic coating lines apply them
to both sides of the strip, either in
the same or different thicknesses.
These coating thicknesses are precisely monitored and controlled.

These developments have led to
continuous increases in the capacity
of our plants and the quality of the
steel strip produced. Equipped with
lines from SMS Siemag, you are
ready for the challenges of the
future.
Galvanized and oiled coils.
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Our plants are capable of various
coating processes, so you can use
them flexibly and can quickly react
to changing market demands.

Steel strip coated with
still-liquid zinc.

Entry section of a hotdip galvanizing line.

Electrolytic galvanizing
cells.
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Process sequence in a hot-dip galvanizing line from SMS Siemag
The strips are introduced alternately from two payoff reels 1 and are joined by a welding machine 2 . In the
multi-stage cleaning section 3 , iron residues, cold rolling oil, and other contaminants are removed from the
surface. A vertical looper 4 separates the entry section from the process part of the plant. The treatment starts
with the annealing process 5 , consisting of pre-heating, heating, holding, cooling, and equalizing. Then the
strip, at a temperature of approx. 460 °C, travels through the equally hot zinc bath 6 . Here, the surface picks
up a layer of liquid zinc. A downstream air knife system 7 blows air onto the strip and skims the zinc off to the
required coating thickness. To produce high-quality galvannealed steel strip, the strip coated with liquid zinc is
heated in an induction furnace 8 to approx. 550 °C, and held at that temperature for several seconds so that

9

5

4

8

3
1

2

7

6

Latest references
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Year of contract

Customer

Plant

2008

Ilva Cornigliano, Italy

Hot-dip galvanizing line

2007

Severstal Columbus, USA

Hot-dip galvanizing line with horizontal furnace

2007

ThyssenKrupp, USA

Hot-dip galvanizing line

2007

ThyssenKrupp, USA

Hot-dip galvanizing line

2007

ThyssenKrupp, USA

Hot-dip galvanizing line

2007

MMK, Russia

Hot-dip galvanizing line

2007

MMK, Russia

Combined annealing and hot-dip galvanizing line

2006

Nucor Steel, USA

Hot-dip galvanizing line

2006

Ilva Cornigliano, Italy

Hot-dip galvanizing line

2005

Severstal Columbus, USA

Hot-dip galvanizing line

the iron in the layer of zinc diffuses. Next, the strip is cooled with air 9 , then with water 10 . An intermediate
looper 11 takes up the slack during interruptions, e.g. when rolls are changed in the downstream skin-passing
mill 12 . There, the strip is rolled and given the required surface qualities. A tension leveler 13 smoothes out
any unevenness. A passivation layer is applied in the following roll-coater 14 . Then there’s another looper 15
that makes up for stoppages due to coil changing. The side trimmer 16 cuts the strip to the required width and
ensures the edges are straight. The strip then travels through an inspection stand 17 for horizontal and vertical
quality checking. Next, an oiling machine 18 applies a thin film of oil to the strip surface. Finally, a coiler 19
winds the strip into coils.
9
11

15

16
17
12

13

14

18
19
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Strip dimensions [mm]
Width
Thickness

Speed [m/min]
Entry
Process

Exit

Capacity [t/a]

800 - 1,650

0.25 - 1.6

230

180

250

470,000

900 - 1,850

0.53 - 2.52

220

152

220

544,000

920 - 1,870

0.5 - 2.3

260

180

260

475,000

800 - 1,670

0.5 - 2.5

260

180

260

515,000

800 - 1,670

0.3 - 2.0

260

180

260

545,000

850 - 1,880

0.3 - 3.0

250

200

250

450,000

850 - 1,880

0.3 - 3.0

475

200

475

250,000

900 - 1,830

0.38 - 2.0

270

200

270

550,000

800 - 1,650

0.25 - 1.6

230

180

250

470,000

900 - 1,850

0.28 - 1.4

220

150

220

362,000
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Three hot-dip galvanizing lines for
WUHAN IRON & STEEL
Together 1.24 million t of high-quality galvanized steel strip per year
SMS Siemag has installed three hot-dip galvanizing lines in China for Wuhan Iron & Steel Group Corporation
(WISCO). The annual capacity of the lines totals 1.24 million t, including premium qualities as well as all common
steel grades. Mostly, the galvanized strip is used in the automotive industry for outer and inner body parts. Other
application fields are in the white goods and construction industries. WISCO ordered the hot-dip galvanizing lines,
a pickling line/tandem cold mill and a continuous annealing line from SMS Siemag to extend its cold strip complex
that is downstream of a hot strip mill previously supplied by SMS Siemag.

April 2004
In September 2003, WISCO already
ordered a pickling line/tandem cold
mill from SMS Siemag to expand its
cold rolling mill. Then on April 1,
2004 SMS Siemag receives another
order as a result of plans to extend
the cold rolling complex in Wuhan
in central China with two hot-dip
galvanizing lines. Furthermore, SMS
Siemag attracts an order for a continuous annealing line with a production capacity of 1 million t/year.
May 2004
Following up the contracts for
hot-dip galvanizing lines 1 and 2,
WISCO on May 17, 2004 orders a
third hot-dip galvanizing line from
SMS Siemag. There are a few small
differences between the three
plants, but essentially they all consist of the same components.
Included in the scope of supply in
each case are coil lifting cars in the
entry and exit sections, welding
machine, loopers, cleaning section,
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Drever annealing furnace, change
car system for various qualities
with the SMS Siemag zinc pot lifting device for fast and reliable
product switchover, galvanizing
section with FOEN air knife system, skin-passing mill, leveler, rollcoater, side trimmer, DUMA oiling
machine, and flying shear as well
as coiling devices.
Loopers separate the process section from
the entry and exit sections.

August 2006 and
October 2006
On August 20 and 25, 2006, hotdip galvanizing lines 2 and 3 each
process their first coils. On line 2,
WISCO produces material coated
with pure zinc or a zinc/aluminum
alloy. Line 3 coats strip with zinc or
an aluminum/zinc alloy.
FOEN air knife system.

Entry section.

Entry strip looper, strip cleaning section,
and subsequent annealing furnace.

On October 1, 2006, line 1 successfully coats its first coil. This
line coats strip exclusively with
zinc. It is possible in a downstream
induction furnace to anneal the
material in such a way that part of
the iron diffuses into the zinc (galvannealing).

November 2007 and
September 2008
In September 2008, WISCO signs
the acceptance certificates for the
No. 1 and No. 3 continuous hot-dip
galvanizing lines supplied by SMS
Siemag. The acceptance certificate
for hot-dip galvanizing line No. 2 is
issued in November 2007.

WISCO
Hot-dip galvanizing line No. 1

Hot-dip galvanizing line No. 2

Hot-dip galvanizing line No. 3

Commissioned

2006

2006

2006

Coating

Zinc, galvannealed

Zinc, zinc-aluminum

Zinc, aluminum-zinc

Material

CQ, DQ, DDQ, EDDQ, SEDDQ, HSS-CQ, HSS-DQ, HSS-DDQ, BH, DP

Strip width

1,000 to 2,080 mm

800 to 1,650 mm

800 to 1,650 mm

Strip thickness

0.4 to 2.5 mm

0.2 to 1.6 mm

0.2 to 1.6 mm

Capacity

475,000 t/year

405,000 t/year

360,000 t/year

Speed:
Entry
Process
Exit

260 m/min
200 m/min
290 m/min

240 m/min
200 m/min
270 m/min

240 m/min
200 m/min
270 m/min
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ORGANIC
COLOR COATING LINES
Growing opportunities for organically coated steel strip
Organically coated plate is a firm fixture in today’s world. It is increasingly used wherever producers require
durable corrosion-resistance plus an attractive finish. The biggest buyers of coated strip are the construction industry as well as white goods and electronic appliance manufacturers. Relatively new is the growing demand for
coated plate in the automotive industry. Unlike piece coating, the continuous coating of steel strip – known as coil
coating – is more cost-effective. Manufacturers simply shape the plates into products and they’re ready to go –
without subsequent painting.

All the coatings you want
SMS Siemag has been building
color coating lines since 1966.
Rolls in machines called coaters
apply the coatings. Depending on
requirements in terms of corrosion
protection, formability, temperature
resistance, color, degree of gloss,
and surface hardness, different
layers are applied to cold rolled or
galvanized fine sheet. It takes very
different coater arrangements and
designs to meet all these options.

As a rule, color coating lines include
chemcoaters, prime coaters and
finish coaters. First, the chemcoater applies a preparatory conversion layer. Next, the prime coater
covers the sheet surface with an
adhesion promoter. Color coating
itself then takes place in the finish
coater. This machine applies a layer
of paint that subsequently hardens.
All SMS Siemag coaters are precisely controlled for an even
coating of the liquid media in the
desired thickness.

Chemcoater.

Primer coater.
Finish coater.
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Two COLOR COATING LINES
for Severstal
High capacity and process speed
In August 2007, JSC Severstal in the Russian town of Cherepovets awarded SMS Siemag a contract for a color
coating line complete with furnace and electrical equipment. The new plant will be of the same design as a line
Severstal ordered from us in 2003 and commissioned at the end of 2005. Both systems have an annual capacity
of 200,000 t of color coated strip destined for the construction and white goods industries. Operating at a high
speed of 150 m/min, they process hot-dip or electrolytically galvanized cold strip.

Four coaters
Each line features four coaters: a
chemcoater, a prime coater, and
two finish coaters. Furthermore,
they are equipped with an ultra-lowemission flotation furnace for hardening the coatings. The strip loopers in the entry and exit areas are
designed with our patented center
column solution for smooth strip
travel. As a final extra, the strip can
be covered in protective film as it
passes through the exit area.

The finish coater applies the paint
layer to one side of the strip.

Finish coater.
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3

8

1

5
2

4

Process sequence in a color coating line
The strips enter the line alternately from two payoff reels 1 and are joined by a stitcher 2 into endless strip
that then collects in a vertical looper 3 . The strip surface is cleaned in a spray and brush degreasing unit 4 .
Next, a chemcoater 5 applies a conversion layer, and this is followed by vertical drying.

Primer coater.
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Looper in the exit section.

10

9
11
12

7

6

The strip is primed in the prime coater, then goes through the first horizontal hardening furnace 7 . In finish
coater 1 or 2 8 , it is coated with a top coat that hardens in the second horizontal furnace 9 . The next station
is a vertical looper 10 . Downstream of this is an inspection stand 11 that checks the strip before it is cut and
wound into coils on a coiler 12 .

SEVERSTAL CCL
Material

Hot-dip and electrolytically galvanized cold strip

Strip width

600 to 1,650 mm

Strip thickness

0.3 to 1.0 mm

Capacity

200,000 t/year

Speed:
Entry
Process
Exit

200 m/min
150 m/min
200 m/min
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X-PRO®-SHEAR LINE for hot strip
with thicknesses of up to 25 mm
Cost-effective manufacturing of plates with low internal stress
There is a growing demand for plates with low internal stress and a homogeneous distribution of residual stress
across the cross-section, particularly in the thickness range of 15 to 25 mm. These plates are usually manufactured
on heavy plate lines, then leveled. The much smaller X-Pro shear line from SMS Siemag is an ideal alternative for
hot strip up to 25 mm thick.

Excellent properties
Ever more application fields are
emerging for the steel plates produced on the shear line, including
machine and plant construction,
tank, pipeline, and bridge construction, and safety containers. Plates
with these properties can be
processed on laser cutting systems
without residual stresses that cause
deformation of the workpieces.

The new shear line processes hot strip
coils into high-quality plates.
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Leveler in a shear line.

HOT STRIP SHEAR LINE
for LY STEEL

500,000 t of flat, low-internal-stress plate
The Lian Yuan Iron & Steel Group – LY Steel for short – ordered a heavy shear line from us for its factory in Hunan
Province, China. The new line will be used together with the CSP® plant we installed a few years ago. It will cut
and level high-rigidity hot strip to produce plates for flat, level final products. Commissioning took place early 2011.
Our scope of supply and services covers the entire mechanical equipment plus electrics and automation.

X-Pro®-leveler
The heart of the line is an integrated
leveler with hydraulic screwdowns,
individual roll adjustment, counterbending system, and a process
model for adjusting the leveling
rolls. First, the leveling machine

Leveler with wedge adjustment (green)
and leveling rolls (blue).

bends the plates thoroughly to correct unknown stress and deformation states and to achieve a defined
state. Then it straightens them
again. This controlled alternating
bending and unbending eliminates
shape and flatness faults. The
extremely precise dynamic adjust-

Typical adjustment of the rolls
in the leveler.

ment of the leveler also makes it
possible to minimize the residual
tension in the material. Equally
important, the hydraulic adjustment
and the counter-bending system of
the roll sets compensate deflections.

A counter-bending system compensates
roll bending with wedge adjustment.
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2
1
3

4

The process sequence in a typical SMS Siemag heavy shear line
First, the strip enters the plant from a payoff reel 1 . The leveler 2 renders it capable of processing in the
downstream processing stages. The next station is the side trimmer group 3 , where two circular-blade trimmers cut the strip to the required width. Then a flying shear 4 cuts the strip into plates. A roller table trans-

Lysteel heavy shear line
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Material

Hot strip with tensile strength of up to 1,500 N/mm²

Strip width

850 – 2,100 mm

Strip thickness

5 – 25.4 mm

Capacity

500,000 t/year

Plate length

2 – 16 m

Speed:
Process

40 m/min

5

6

ports the plates into the plate leveler 5 . Here, the finished plates are leveled again. That ensures a top-quality,
level, and flat end product with low internal stress. Finally, the leveled plates are piled, tied in bundles, and
weighed 6 .

Latest references

Year of
contract

Customer

Strip dimensions
Process speed
Width [mm]
Thickness [m] [m/min]

Capacity
[t/year]

2008

Shougang Qianan

800 - 2,150

5 - 25.4

40

450,000

2007

Handan Iron & Steel

850 - 2,130

5 - 25.4

45

474,000

2005

Maanshan Iron & Steel

1.000 - 2,130

5 - 25.4

40

500,000

2000

Wuhan Iron & Steel

max. 2,100

5 - 25.4

40

450,000
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ELECTRICAL STEEL STRIP –
Energy efficiency in electro-technology
Highly complex production route demands sophisticated
strip treatment methods
There is a growing demand for electrical steel strip because of its electromagnetic properties that significantly
improve energy efficiency in electro-technology applications. The highly complex production routes for electrical steel strip demand sophisticated strip treatment methods. This is where SMS Siemag comes in. Due to
our many years of experience in this field, we supply intelligent solutions and cutting-edge technologies for
the production of top qualities. Here, SMS Siemag benefits from our longstanding cooperation with Duferco,
a company that supports us with know-how in the production of all electrical steel strip grades, including the
latest technologies.

Increased resistance and
reduced core losses
Excellent electrical and magnetic
properties make electrical steel
strip (also called dynamo sheets
or silicon steel strip) attractive for
many applications in electro-technology. Mainly responsible for these

properties are a high cleanness of
the steel and a limited concentration of alloying elements (mainly silicon and inhibitor elements) as well
as special process stages during
manufacturing. Alloying with silicon
increases the electrical resistance
of the steel, reducing induced eddy
currents and in turn core losses.

That is why electrical steel strip
strip makes a big contribution to
energy efficiency in electrical systems, helping preserve energy
resources.

Latest references
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Year of
contract

Customer

Plant

2008

Asian customer

Seven GO electrical steel strip treatment plants

2006

Baosteel, China

NGO/GO electrical steel strip annealing and pickling line

2006

Baosteel, China

GO electrical steel strip finish annealing line

2006

Baosteel, China

Two GO electrical steel strip decarburizing and coating lines

2005

China Steel Corporation, Taiwan

NGO electrical steel strip annealing and coating line

2004

Wuhan Iron & Steel, China

GO electrical steel strip intermediate annealing line

2002

USS Kosice, Slovakia

NGO electrical steel strip annealing and coating line

Coils manufactured on an
SMS Siemag annealing line for
electrical steel strip.

Strip looper in an electrical
steel strip line.

Strip dimensions [mm]
Width
Thickness

Speed [m/min]
Entry
Process

Exit

Capacity [t/year]

730 – 1,350

1.8 – 3.0

80

55

88

360,000

730 – 1,270

0.15 – 0.35

170

130

170

106,000

750 – 1,270

0.35 – 0.5

130

100

130

90,000

600 – 1,300

0.3 – 0.7

200

130

220

200,000

750 – 1,050

0.5 – 0.9

70

50

70

180,000

700 – 1,300

0.35 – 1.0

105

90

105

100,000
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Non-grain-oriented and
grain-oriented electrical
of steel strip
Electrical steel strip comes in two
groups: non-grain-oriented and
grain-oriented. What’s the difference? In non-grain-oriented electrical steel strip (NGO electrical steel
strip), the iron grains (texture) are
randomly distributed so that the
material largely has isotropic
mechanical and magnetic properties in all directions. That is why
NGO electrical steel strip is mainly
used in rotating machines such as
electric motors and generators with
changing field orientation.

In grain-oriented electrical steel
strip (GO electrical steel strip), the
crystals are oriented in the direction
of cold rolling, resulting in what is
called Goss texture. Due to the uniform orientation of the grains, the
electrical steel strip has a preferred
direction in which magnetization
occurs comparatively easily.
Due to its high permeability and
low losses in this preferred direction – i.e. parallel to the cold rolling
direction – GO electrical steel strip
is typically used in static machines
such as transformers.

Equipment
As the largest supplier of strip processing plants, SMS Siemag supplies the entire range of components for processing electrical steel
strip.
Our state-of-the-art line equipment
is designed specifically for the distinct requirements of electrical
steel strip manufacturing. We make
sure all the components work
together perfectly and optimize the
capacity, quality and performance
of the plants.

Classification of NGO and GO electrical steel strips

Electrical steel strip increases the energy
efficiency of electrical systems.
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NGO: Non-grain-oriented
electrical steel strip

GO: Grain-oriented
electrical steel strip

Non-grain-oriented
Non-final-annealed (NGO-SP)
Si + AI regular 1.0 – 3.5%

Conventional grain-oriented (CGO)
or regular grain-oriented
(RGO/GO) Si regular 3.0 – 3.5%

Non-grain-oriented
Final-annealed (NGO-FF)
Si + AI regular 1.0 – 3.5%

Highly permeable grain-oriented
(HGO or Hi-B)
Si regular 3.0 – 3.5%

STRIP PROCESSING of non-grainoriented electrical steel strip
Application in rotating machines for energy generation and utilization
Non-grain-oriented electrical steel strip strip has equal mechanical and magnetic properties in all directions. This
means the material increases the energy efficiency of rotating machines for energy generation and utilization.
Manufacturing it takes various strip processing plants to pickle, anneal, coat, and if necessary also decarburize
the material.

Properties and
applications
Non-grain-oriented electrical steel
strip is mostly used in electrical
devices for energy utilization and
generation, including generators and
electric motors. This is because the

rotation involved here demands
equal magnetic properties in all
directions.
There are standards that define the
maximum permitted difference
between parallel oriented grains and
grains oriented vertically to the

rolling direction. The current boom in
new, green technologies such as
wind turbines or electric autos is
driving up demand for high-quality,
non-grain-oriented electrical steel
strip that can be produced on strip
processing plants from SMS Siemag.

Annealing and coating line for NGO
electrical steel strip from SMS Siemag
at CSC in Taiwan.
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Process sequence in an annealing and coating line from SMS Siemag
To enable continuous plant operation, the entry features two payoff reels 1 . A welding machine 2 joins
the material into endless strip. A multi-phase cleaning stage 3 follows. There is a horizontal entry looper 4
to compensate for interruptions caused by the welding process. The annealing furnace section 5 creates
an irregular grain structure according to exactly defined parameters. Precisely controlled, the burner ensures
the right temperature curve. Furthermore, the furnace can be used to reduce the carbon content in the
material if required. Simultaneous coating of the upper and undersides of the strip takes place in a special

1

4

3

Different strip types
NGO electrical steel strip comes in
two main types: Heat treated (finalannealed) and not heat treated (final
annealing is carried out by the end
manufacturer). NGO electrical steel
strip is annealed again after the

Line types
parts or finished core assemblies
have been processed. In contrast,
final-annealed electric strip is
annealed and also coated in a strip
processing plant after cold rolling.

NGO electric strip is used in wind
turbines for electricity generation.
(© Thorben Wengert/PIXELIO)
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2

NGO electric strip is initially treated
in an annealing and pickling line,
then cold rolled. The key plant type
for processing final-annealed NGO
electric strip is the downstream
annealing and coating line. This is
where the material is recrystallized
and coated with an insulation layer.
A decarburization function is necessary in the furnaces if the carbon
content of the material is higher
than approx. 30 ppm. It’s important
to reduce the carbon content to
avoid magnetic overageing.

coating chamber 6 . The coating thickness is precisely controlled within close tolerances. Next,
the coating is dried. Another horizontal strip looper 7 decouples the exit from the process section.
In the inspection section 8 , the strip surface is checked visually. A cross-cut shear 9 is available
for cutting out samples for further quality inspection. Finally, the coil is carefully wound by two
coilers 10 alternately.

6

10

9

8

7

Drever annealing furnace for
recrystallization annealing of
NGO electric strip.

Process sequence in an annealing
and coating line from SMS Siemag.

Roll-coaters coat the strip precisely with
an insulating layer.
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ANNEALING and COATING LINE at
at U.S. STEEL KOŠICE
High-value non-grain-oriented electric strip with insulation coating
Let’s take a closer look at the equipment installed at one of our major customers, U.S. Steel Košice. This company
uses its annealing and coating line to produce high-value, non-grain-oriented electric strip. The annealing furnace
creates an irregular grain structure, and also decarburizes it if necessary. Depending on requirements, the surfaces
are subsequently coated with an insulating layer. This plant is an excellent example of a complete solution from
one source – apart from the mechanical equipment, SMS Siemag also supplied the drive technology, basic automation, and process, control, and guide systems including operating and diagnosis functions. That ensured a short
project implementation time with fast startup curves and superb reliability in continuous operation. Another characteristic of the plant is its intelligent use of space. The furnace is positioned above the entry section, making the
plant some 25 m shorter than normal lines of this type.

U.S. Steel Košice
As early as 1965, the first large steel
and rolling mills were erected in
Košice. In 2000, the United States
Steel Corporation took over the facility and launched an investment plan
with a focus on increasing production. Today, U. S. Steel Košice is one
of the region’s biggest manufacturers. Its annealing and coating line
for non-grain-oriented electrical steel
strip is a response to the increased
demand for this product in Eastern
Europe.
Scope of supply
and services and
Plug & Work
To achieve the excellent material
qualities required, all the plant components are designed to mesh perfectly. Included here are entry and
exit groups as well as a strip cleaning section, a horizontal annealing
furnace, and a precision coating
unit. Prior to commissioning, the
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automation supplied by SMS Siemag
was put through its paces in our
Plug & Work testing procedure.
That involved simulating the entire
mechanical equipment, drive technology, and the product to be manufactured, then testing and optimiz-

ing the automation system in a
near-reality situation. The U.S. Steel
Košice employees who took part in
the test were able to use the actual
control desks and original software
to prepare themselves for commissioning and operating the line.

U.S. Steel Košice annealing and coating line
Commissioning

2004

Material

Cold rolled and pickled
non-grain-oriented electrical steel strip

Strip width

700 to 1,300 mm

Strip thickness

0.35 to 1.0 mm

Capacity

100,000 t/year

Speed:
Entry
Process
Exit

105 m/min
90 m/min
105 m/min

Horizontal strip looper.
Multi-stage cleaning section with brushes,
electrolytic cleaning and drying.

The strip surface is coated
with a roll coater.
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STRIP PROCESSING
grain-oriented electrical steel strip
Application in static machines for energy transmission and distribution
The production route of grain-oriented electrical steel strip is extremely complex and requires a whole
sequence of high-tech strip treatment plants. Depending on the route, the essential processes are recrystallization, pickling, cold rolling, decarburization, texture adjustment, and application of an insulating layer.
Each step must meet specific demands to produce the necessary microstructure and magnetic properties
in the final material. In recent years, SMS Siemag has erected a number of state-of-the-art strip processing
plants for grain-oriented electric strip.

Easy magnetization in
the direction of the
crystal orientation
In grain-oriented electrical steel strip
(GO electrical steel strip), the crystals lie in the direction of cold rolling,
creating what is called a Goss texture. Because the grains are oriented in a single direction, the electrical steel strip has a preferred
direction in which magnetization can
take place comparatively easily.
Due to the high permeability and low
losses in this preferred direction –
i.e. parallel to the cold rolling direction – GO electrical steel strip is typically used in static machines such as
transformers.
A direct consequence of the growing demand for efficiently produced
and transported electricity is an
increased demand for power and
distribution transformers.
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These transformers are vital for
expanding power supply networks
in Europe, the US, China, India, Russia and other countries. There’s a
drive to install new, stronger networks to handle the greater fluctuations that come from regenerative
energy sources such as wind generators and solar cells.

Conventional and
high-permeable
GO electric strip
During the production of GO electrical steel strip, the grain growth is
precisely controlled. That ensures
the texture is largely oriented in the
direction of rolling by the end of the
process. We distinguish between
conventional and highly permeable
GO electrical steel strip, according
to the degree of orientation.
Conventional GO electrical steel
strip has a deviation of at most 7°,
while the deviation for highly permeable material must be below 3°.

Designs for all plants
for GO electric strip
The right type of strip processing
plant depends on the production
route as well as the final material
properties required. Generally, SMS
Siemag supplies solutions for all
plant types from preparation lines to
lines for recrystallization, decarburization, and nitration of the material,
through to special surface treatments such as insulation coating.

Grain-oriented electric strip is used in
energy-efficient transformers.
(© Dieter Schütz/PIXELIO)

Human Machine Interface section of a decarburizing
and coating line from SMS Siemag.
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Four GO PROCESSING PLANTS for
for BAOSTEEL
First-class final product quality with green, cost-effective solutions
Completing an order from Baosteel, SMS Siemag supplied an annealing and pickling line, a decarburization
line, a combined intermediate annealing and decarburization line, and a flattening line with insulation coating.
All the plant components are state-of-the-art and were designed specifically for the manufacture of electrical
steel strip. As a result, the lines produce high-quality final products at much lower cost and environmental
impact than common solutions. The four lines each meet strict European exhaust air standards. Furthermore,
the waste water and residual substances are either responsibly disposed of in an eco-friendly way, or recycled. In particular the filtration systems installed here guarantee smooth, efficient operation.

Annealing and
pickling line
The annealing and pickling line is
suitable not only for GO electrical
steel strip, but also for NGO electrical steel strip. First, the strip surface is descaled mechanically in a
shot-blasting plant, then a turbulence pickling line washes off the
rest of the scale. An innovative feature here is a system that tackles
the silicon pickling sludge generated during electrical steel strip production by removing it from the circulation systems. There are also
special strip edge heating units to
minimize the risk of cracking.
Decarburization and
combined intermediate
annealing and decarburization line
The process speed in the decarburization line as well as in the combined intermediate annealing and
decarburization line is some 100
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m/min. Because it is thicker at this
stage, the strip travels through the
furnace section of the intermediate
annealing line at only 70 m/min.
Stand-out features are the specially
adapted furnaces, the coating systems, and the complex circulation
systems. The intermediate annealing and decarburization line includes
an integrated MgO coating machine.
Applying a magnesium oxide coating stops the strips from sticking
together during the lengthy hightemperature treatment that is technologically necessary. It also, in
combination with special insulation
paint coating, introduces internal
stresses that improve the magnetic
properties.
Flattening and
coating line
In this line, the strip is annealed for
the final time and provided with an
insulation coating. First, the individual strips are joined by a stitcher.
This is a machine with a purely

In the first section of the annealing and
pickling line, shot-blasting removes the
coarse scale.

mechanical joining function that
achieves perfect joins. Then the strip
is cleaned. Included in the line is a
high-precision coating unit for insulation coating. Next is a horizontal radiant tube furnace followed by a cooling zone. Finally, the strip is cut into
lengths and wound into coils.

Entry of a strip processing line.

A special stitcher joins the high-strength material
precisely and requires just short stops.

Hydrochloric acid in the turbulence
pickling section of the pickling line
removes the scale from the strip.

Baosteel
Annealing & pickling line

Decarburization line
2009
GO electric strip
750 to 1,270 mm
0.15 to 0.35 mm
90,000 t/year

Intermediate annealing
and decarburization line
2009
GO electric strip
750 to 1,270 mm
0.4 to 0.83 (0.15 to 0.35) mm
90,000 t/year

Flattening and
coating line
2009
GO electric strip
750 to 1,270 mm
0.15 to 0.35 mm
106,000 t/year

Commissioning
Material
Strip width
Strip thickness
Capacity

2009
GO + NGO electric strip
750 to 1,350 mm
1.5 to 3.0 mm
360,000 t/year

Speed:
Entry
Process
Exit

80 m/min
55 m/min
80 m/min

130 m/min
100 m/min
130 m/min

130 m/min
70 (100) m/min
130 m/min

170 m/min
130 m/min
170 m/min
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STAINLESS STEEL –
Corrosion-resistance, durability,
and good looks
Tough material produced in complex manufacturing process
In today’s world, stainless steel is everywhere. Its great material properties open up new application fields all the
time. Whenever customers want corrosion-resistance, durability, and good looks, stainless steel fits the bill.
Although – or maybe even because – stainless steel is such an uncomplicated material when finished, manufacturing and refining it takes complex, high-tech processes. Crucial to achieving good strip qualities and surface properties are the annealing and pickling lines. Here, growing quality expectations and higher production quantities
demand cutting-edge technologies.

Various materials
The stainless steel strips produced
on plants from SMS Siemag play a
major role in many key technologies
for the industrial-scale application
and reliable operation of vital
processes in areas such as energy
and environment technology, electronics and electro-technology,
automotive manufacturing, aerospace, chemicals and petrochemicals, as well as offshore and marine
technology. In other words, wherever there is a premium on top corrosion and wear-resistance. Other

In the chemical industry, top corrosion-resistance as well as heat and acid-resistance are
essential – that’s where stainless steel shines.
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application fields are the construction and white goods industries,
where stainless steel is often first
choice also because of its sleek
good looks.
Demands on strip
processing plants
What today’s industry demands
above all are high-performance
materials in reproducible quality
that are homogeneous over the
entire strip length and width.
Another major consideration is
cost-effectiveness, determined

by operating costs – personnel,
energy, media consumption, and
maintenance – as well as investment costs. Increasingly relevant
are environment protection and
sustainable process technologies.
Then there is the demand for the
kind of flexibility provided by short
changeover times for different
material qualities. SMS Siemag
responds to these requirements
with stainless steel strip processing
plants featuring mechanical equipment and process technologies
developed specially for this material.

Hygiene and robustness are a top consideration for many household appliances –
stainless steel offers both.

High-precision
descaling required
Compared to descaling carbon steel
strip, the process for stainless steel
is much more complex. Why? First,
because stainless steel is more
acid-resistant and the scale layer
adheres better to the base material,
where it is harder to dissolve or
chemically alter. And second, the
scale contains not only iron oxides,

but also oxides of the alloying elements such as chromium. Furthermore, the material price of stainless
steel is higher, making it even more
important to avoid over-pickling.
Stainless steel pickling lines from
SMS Siemag are designed to completely remove scale from the strip
surfaces without over-pickling.

Stainless steel is often used in architecture – shown
here on the Gehry buildings in Düsseldorf, Germany.
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INTELLIGENT LINE SOLUTIONS
for stainless steel strip treatment plants
Both combined and stand-alone strip processing plants
for hot and cold strip
The production process for stainless steel strip involves annealing and pickling hot strip. After subsequent rolling, the cold strip must again be annealed to recrystallize the metal microstructure and exactly
set the strip properties. Then the strip has to be pickled once more. If a polished material surface is
required, the strips are also annealed in a bright annealing line under protective gas atmosphere.

Annealing and pickling
lines for stainless steel
strip
SMS Siemag builds both annealing
and pickling lines specifically for hot
or cold strip, as well as comlined
lines that process hot and cold
strip. Common to all is that, after
annealing and pickling, the hot strip
is wound into a coil, rolled in a

rolling mill, then coiled again to be
annealed and pickled once more as
cold strip. Certain complex intermediate steps are no longer necessary
in the integrated rolling, annealing
and pickling line from SMS Siemag
that transforms stainless steel hot
strip into cold-rolled, annealed, and
pickled final material. This kind of
line can have a total length of more
than 600 m.

Quality check in a
stainless steel strip
processing plant.
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Bright annealing lines
There are lots of applications that
require not merely shiny, but mirrorlike polished stainless steel. To
achieve this finish, the material
must be annealed under a protective gas atmosphere – without oxygen – in a bright annealing line.
SMS Siemag bright annealing lines
are designed with a special emphasis on protecting the sensitive strip
surfaces. The final processing
stages can also be integrated using
equipment such as skin-passing
mills, levelers, or side trimmers.

Furnace in an annealing
and pickling line.

Furnace in a bright annealing line.
Transporting a finished coil.

Stainless steel strip.
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Process sequence in a typical stainless steel hot strip annealing
and pickling line from SMS Siemag
The entry section 1 is equipped with two payoff reel groups consisting of coil lifting carriage, pre-leveler,
and cropping shear. A welding machine 2 joins the strips before they go on to a horizontal looper 3 . For
recrystallization of the hot strip microstructure, the strip is first annealed in a horizontal continuous furnace
Descaling starts next with a scale breaker 5 that adjusts the strip flatness and breaks up the scale layer.
In a blasting cabin 6 , some of the scale is blasted off the strip surface.

1

2

4

.

4

3

Letzte Referenzen
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Year of
contract

Customer

Plant

2007

Baoshan Special Steel Branch, China

Annealing line for hot and cold strip

2007

Baoshan Special Steel Branch, China

Pickling line for hot and cold strip

2007

ThyssenKrupp Stainless, USA

Annealing and pickling line for hot and cold strip

2006

Outokumpu, Sweden

Revamp of the annealing and pickling
line for hot and cold strip

2006

ThyssenKrupp Accia Speciali Terni, Italy

Hot strip annealing and pickling line

2006

ThyssenKrupp Nirosta, Germany

Revamp of the hot strip annealing and pickling line

2003

ThyssenKrupp Accia Speciali Terni, Italy

Revamp of the hot strip annealing and pickling line

2000

Avesta Sheffield, Sweden

Revamp of the annealing and pickling
line for hot and cold strip

1997

AK-Steel, USA

Annealing and pickling line for hot and cold strip

Downstream of the mechanical descaling is a two-part pickling section. In the first part 7 , the strip is
pre-pickled, then cleaned in intermediate rinsing devices. The second part 8 consists of a turbulence
pickling line that can be used with various pickling media. In a rinsing part with drying section 9 , acid
residues are removed and the strip is dried. Next in line is another horizontal looper 10 . In the inspection part 11 , the surface quality is checked. After that, a cross-cutting shear 12 cuts the weldedtogether strips into lengths before a coiler 13 winds them into coils.

7
5

8

6

9

11

12

13

10

Strip dimensions [mm]
Width
Thickness

Speed [m/min]
Entry
Process

Exit

Capacity [t/year]

600 - 1,300

0.9 - 7.1

75

50

75

156,000

600 - 1,300

0.9 - 7.1

75

50

75

156,000

900 - 1,890

1.5 - 10

120

80

120

750,000

1,250 - 2,100

1.5 - 13

54

36

54

300,000

800 - 1,570

1.8 - 6.5

120

80

120

700,000

600 - 1,315

1.6 - 6

50

30

50

160,000

800 - 1,550

1.5 - 7.0

60

40

60

250,000

1,250 - 2,100

1.5 - 13

34

36

54

300,000

660 - 1,575

0.46 - 5.1

259

152

259

573,000
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THYSSENKRUPP, TERNI:
Hot strip annealing and pickling line
for stainless steel
Quality, productivity, energy efficiency, and eco-friendliness
Following an order from ThyssenKrupp Acciai Speciali Terni S.p.A. in Terni, Italy, SMS Siemag erected and successfully commissioned a hot strip annealing and pickling line in just 18 months. The new line is designed for an annual
production of 650.000 t of austenitic strip and 50.000 t of ferritic strip. In preparation for cold rolling, the line
anneals and descales the hot-rolled stainless steel strip. The standout characteristics of the hot strip annealing and
pickling line are consistent high product quality and quantity at high energy efficiency and eco-friendliness. That
gives ThyssenKrupp Acciai Speciali Terni one of the world’s most advanced stainless steel manufacturing plants.

Furnace and cooling
The horizontal continuous furnace
from Drever is super-efficient in
terms of energy consumption and
environment-friendliness. That’s
because the strip is heated in a radiation zone that utilizes waste gases
from the three downstream heating
furnaces. Included here are seven
heating zones featuring 108 natural
gas burners with minimized nitrogen emissions. The heating zone
brings the strip to the required
annealing temperature of between
820 and 1,150 °C. To increase thermal efficiency, the combustion air is
pre-heated in a recuperator. Achieving a performance of up to 134 t/h,
the furnace is one of the world’s
most powerful in this field. Five
water-based cooling zones cool the
strip down again.
Mechanical descaling
and pickling section
First, a scale breaker breaks up the
scale and straightens the strip. The
blasting plant that comes next consists of four blasting cabins where

52

Exit control station with integrated
strip inspection.

tiny metal balls blast up to 50% of
the scale off the strip surface.
Downstream of this is the 150-mlong, two-part pickling section. Particularly impressive in the first part
is the SMS Siemag-developed turbulence pickling process with its
high pickling performance and low
operating costs. After intermediate
rinsing, the strip goes on to a second spray pickling line that uses a
special pickling medium. Here, the
strip is exposed for some 90 seconds to the acid of both pickling
parts, completely freeing it from
scale. Rinsing, then drying complete the process.

Entry zone with two
payoff reel groups.

Terni APL

Energy-efficient and eco-friendly
continuous furnace from Drever.

Commissioning

2007

Material (hot rolled)

Stainless steel AISI 200, 300, 400

Strip width

600 to 1,570 mm

Strip thickness

1.5 to 6.5 mm + 10% over-thickness

Capacity

650,000 t/year austenitic strip,
50,000 t/year ferritic strip

Speed:
Entry
Process
Exit

120 m/min
80 m/min
120 m/min
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BAOSTEEL erects new cold rolling
mill for high-performance materials
SMS Siemag supplies annealing line, pickling line and 20-roll cold rolling mill
The Shanghai-based Special Steel Branch of Baoshan Iron & Steel Co., Ltd., or BSSB for short, is building
a complete cold rolling mill for high-performance materials. SMS Siemag is supplying a continuous annealing line,
a continuous pickling line, and a 20-roll cold rolling mill. Included in the product range are Cr-Ni and Fe-Ni alloys,
nickel-based alloys, and titanium. These materials are better known under the names TA1-3, Inconel, Hastelloy
or Invar. With these high-tech, efficient, and green-technology plants, BSSB is positioning itself to tap into the
market for high-performance materials.

Flexible plant
configuration
Taking into account the huge range
of sophisticated high-performance
materials out there, our customer
chose a flexible plant configuration
for its annealing and pickling lines.
Here, instead of the usual coupled
annealing and pickling process,
separate annealing and pickling lines
are installed. Each of the two plants
is designed for an annual production
of some 156,000 t of hot and cold
strip.

Horizontal looper in a
stainless steel strip plant.
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Entry and exit
Both lines feature almost identical
equipment in the entry and exit
zones. Two payoff reel groups
including coil lifting carriage, 7-roll
leveling machine and cropping
shear maintain continuous feed of
the strips. Next, a MIG welding
machine with two welding heads
joins the individual strips to make
an endless strip. That is followed by
a horizontal entry looper and, after
the process section, a horizontal
exit looper, each with a four-loop
carriage and a travel path of 70 m.
A cross-cutting shear in the exit

Tension leveler.

area cuts the welded strips and
removes the weld seam. The lead
strip edges are transported to the
coiler and wound into coils. Because
the final products are manufactured
on the pickling line, it also features
an inspection stand and a strap
winder for winding the strip onto
cores.
Annealing line
Essentially, the process part of the
annealing line consists of a horizontal Drever continuous furnace that
stands out for its high efficiency and
green credentials. As it enters the

line, the strip is heated in a radiation
zone that utilizes the waste gas
from the five downstream heating
zones. To increase thermal efficiency, the combustion air is preheated by a recuperator. The
“carousel-type” furnace rolls are
maintenance-friendly and can be
replaced without stoppages. Next,
the strip is cooled down again with
water and/or air. The scale breaker
further down the line increases strip
flatness and breaks up the scale,
significantly improving the effectiveness of the downstream pickling
line.
Pickling line
The first stage in the pickling line is
mechanical descaling in a two-cabin
blasting machine. This removes part
of the scale. Subsequently, three
turbulence pickling sections achieve
excellent pickling at much lower
operating cost than usual. Depending on the type of strip – hot or cold
– the first section is operated as a
sulfuric acid or an electrolytic neutral
pickling line. Sections two and three
use different concentrations of
mixed acids to suit the material to
be processed. The pickling process
is supported by two intermediate
rinsing stages equipped with an
abrasive brushing machine as well
as a washing brushing machine.

Carousel roll in operation.

BSSB CPL & CAL
Commissioning
Material

2011
Stainless steel hot and cold strip,
special steels

Strip width

600 to 1,300 mm

Strip thickness

2.5 – 7.1 (hot strip)
0.9 – 4.0 (cold strip)

Capacity

156,000 t/year

Speed:
Entry
Process
Exit

75 m/min
50 m/min
75 m/min
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ALUMINUM –
Maximum strength combined
with minimum weight
Complete solutions for all process stages of aluminum strip treatment
Suitable for many products, aluminum offers an ideal combination of high strength and low weight. What’s more it is
durable, corrosion-resistant, and easy to recycle. Aluminum strip is also a welcome solution where attractive surface
appearance is important. Included here are applications in packaging as well as the architecture, automotive, and aviation industries. The wide choice of aluminum alloys available reflects this versatility. SMS Siemag supplies corresponding process lines for the efficient production and processing of aluminum plate for all application fields.

Comprehensive
product range
Our product range covers treatment lines for degreasing, pickling,
anodizing, and conversion coating.
Also included are color coating
lines, continuous thermal treatment
lines, and all types of finishing and
packaging plants.

Color coating lines

Anodizing plants

Efficient systems for organic color
coating of aluminum strip feature
highly developed and precisely controlled coaters from SMS Siemag.
Chem coaters as well as prime and
finish coaters come with advanced
control technology that ensures
uniform coating in the desired layer
thicknesses.

Further proof of our strength in the
field of aluminum strip processing is
provided by SMS Siemag anodizing
plants. Here, aluminum strip is
cleaned, pickled, anodized, colorcoated, and sealed in a continuous
process. Anodizing applies a thin,
transparent, yet tough anti-corrosion coating to the strip surface for
lasting protection.

Latest references
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Year of
contract

Customer

Plant

2010

ASAŞ Alüminyum, Turkey

2006

Asia Aluminium, China

2005

AMAG rolling, Austria

Color coating plant
(+ two slitting lines and a shear line)
Color coating plant
(+ slitting line, tension-leveler and two shear lines)
Thermal treatment line

2003

Madar Aluminium, Syria

Color coating line

2003

Coil, Germany

Anodizing line

Visual inspection of
aluminum strip.

Anodizing section in an aluminum processing plant.

Strip dimensions [mm]
Width
Thickness

Speed [m/min]
Entry
Process

Exit

Capacity [t/year]

900 - 2,100

0.2 - 2.0

160

80

160

50,000

1,000 - 2,025

0.2 - 1.5

150

100

150

93,000

900 - 1,700

0.2 - 3.5

60

45

60

20,000

610 - 1,250

0.16 - 1.0

130

70

130

40,000

1,500

0.2 – 2.0

30

15

30

15,000
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Color coating line and shearing lines
for ASAŞ ALÜMINYUM
High-quality color coating saves costly and time-consuming
process steps during further processing
Besides the mechanical equipment, SMS Siemag will also supply the electrical and automation systems for the
new color coating line and the new shearing lines. The lines will be installed in the ASAŞ works in Akyazi in the
Turkish province of Sakarya. In the color coating line, strips made of aluminum and aluminum alloys as well as galvanized steel strips will receive a paint coat which may consist of several layers. The modern design of the coating
system also permits coating on one side, as well as quick color changes. The paint coat is such that the strips can
be directly processed into finished products without any additional costly or time-consuming process steps.

Line arrangement
on two levels
One of the key features of the line
is the intelligent utilization of space:
thanks to the arrangement of the
line on two levels, over 100 m of
bay length can be saved. In addition, the entry and exit groups are
located very close to each other
which facilitates coil handling in
connection with a planned high-bay
store.

Various applications
Another essential feature of the line
is that the complete color coating
process can be waived; in other
words: the line can also be used
exclusively for tension leveling or
for coating in the chem-coater.
Color coating process
For paint application, the line comes
with several coaters. As a rule, the

first step is that the chem-coater
applies a preservation layer to the
strip material, following which the
prime-coater adds a bonding agent.
Finally, one of the two finish-coaters
applies the final coat of paint. Both
the bonding agent and the final coat
are allowed to cure or harden in a
low-emission flotation oven. The
line furthermore incorporates laminating facilities for the hot and cold
application of a protective film to
the strip surfaces.
Tension leveler, cleaning
section, strip accumulators, trimming and
cross-cut shears, and
reel groups

The desired strip width is already set in
the entry section by means of a trimming
shear.
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Prior to coating, a tension leveler
removes any strip unflatness, following which the surfaces are thoroughly cleaned. The cleaning equipment comprises a pre-cleaning
section and a final cleaning section,
including spray cleaning systems
using alkaline and acid media; each
cleaning section is followed by a
cascade rinse. Continuous opera-

crop shear, a leveler, a facility for
foil application, a flying shear to
divide the strips at high speeds, as
well as a piling machine with associated chain-type conveyor.
Slitting lines

Two vertical strip accumulators ensure
continuous strip flow in the processing
section.

tion is safeguarded by two vertical
strip accumulators. In the entry
section, the strips are uncoiled
alternately by two payoff reels.
As the strips run into the line, a
stitcher joins them to an endless
strip. Strip-edge trimming in the
entry section of the color coating
line minimizes the risk of strip
breaks and enables a smooth
process. The equipment in the exit
section includes a cross-cut shear,
a tension reel, a vertical strip
inspection station, an embossing
unit and a DUMA oiling machine.
Dividing shear line
This shear line serves to cut the
strips into sheets or plates which
are then leveled, covered with a foil
and piled into packs. The line substantially comprises an uncoiler plus

In the two slitting lines, the strips
are divided in longitudinal sense
and then coiled. The market is
demanding small-width strips with
precise dimensions for the direct
fabrication of profiles or other products. The key components of the
lines are the rotating slitter knives
which divide the strips longitudinally. One of the slitting lines is
designed to handle strips up to
4.5 mm thick which can be slit
into strips of minimum 100 mm
width in a maximum of 20 cuts.

Thinner strips down to minimum
0.2 mm can be processed on the
second slitting line which divides
them into 25-mm-wide strips in up
to 50 cuts. Both slitting lines can
also be used exclusively for strip
trimming.
ASAŞ Alüminyum
Founded in 1993, ASAŞ has grown
steadily and evolved into one of the
most dynamic and future-oriented
companies in the Turkish aluminum
industry. In Adapazari-Akyazi, ASAŞ
operates a state-of-the-art production facility. Its products go to the
automotive, furniture, electronics,
transportation, architectural construction and household appliances
industries, as well as to other consumer and industrial sectors.

Color coating line
Planned commissioning
Material

Strip width
Strip thickness
Speeds

Capacity

2012
Aluminum and aluminum alloys
Series 1xxx, 3xxx, 5xxx, 6xxx, 8xxx
and galvanized strips
900 to 2,100 mm (aluminum)
900 to 1,600 mm (galvanized)
0.2 to 2.0 mm (aluminum)
0.2 to 1.0 mm (galvanized)
Entry section 160 m/min
Process section 80 m/min
Exit section 160 m/min
50,000 tpy
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Anodizing line for
COIL in Bernburg
Process engineering know-how and comprehensive automation
The schedule was tight, but SMS Siemag rose to the challenge when it developed one of Europe’s most modern
anodizing plants for Coil GmbH. The facility successfully went into production in mid-2005. Built on a greenfield
site in Bernburg, Germany, it was the first plant capable of operating all processes continuously on a single line.
Using innovative flow optimization technology, the aluminum strip is pickled, anodized, and color-coated at high
speed in the 150-m-long process section. The plant is easy to operate due to the extensive automation with stored
process models. The result: aluminum strip for high-end products, manufactured at maximum cost-effectiveness.

Entry section
Various components in the strip
entry section are responsible for
continuous, uninterrupted strip
flow. They include two payoff reels,
one leveler, a shear, and a tacking
machine that joins the individual
strips securely together. Next in line
is a horizontal looper for continuous
strip feed into the process section.
Process section
This section starts with alkaline
spray cleaning to clean and
degrease the strip surface. In the
alkaline pickling line, the surface
structure is roughened to increase
the surface area. Finally, the strip is
neutralized with acid. One of the
most important processes here is
anodizing. Here’s how it works: A
current roll charges the strip with
up to 60,000 amps.
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Sealing process section.
Anodizing process section.

There are cathodes in the downstream bath that discharge the strip.
This electrochemical process alters
the surface of the aluminum. It creates a transparent, colorless layer
that ensures excellent surface hardening plus corrosion-resistance.
Optionally, the strip can be colorcoated in a pigment bath. What happens here is that the pigmenting
fluid penetrates into the pores of the
anodized surface. The strip speed of
travel is process-controlled to adjust
the color intensity.
The process ends with the sealing
bath. In the hot nickel bath, a compression process closes the pores
so that the color pigments are permanently locked in.

Inspection station.

Exit section
Next, the strip travels over guide
rollers to the exit section. Here
again, a horizontal looper keeps
everything running smoothly. When
it reaches the vertical and horizontal

inspection station, the strip surface
is checked visually under various
lighting conditions. There is also the
option of applying a peel-off film
backing to protect the aluminum
strip before coiling.

Coil anodizing line
Commissioning
Material
Strip width
Strip thickness
Capacity

2005
Aluminum strip
max. 1.500 mm
0.2 to 2.0 mm
15,000 t/year

Speed:
Entry
Process
Exit

30 m/min
15 m/min
30 m/min
Exit section.
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TECHNICAL INNOVATIONS
for strip treatment plants
Permanent further development of proven strategies
Active in strip processing for more than 60 years, SMS Siemag designs and builds plants for almost all the
stages required for carbon steel, electrical steel strips, stainless steel and aluminum. During this time, we
have erected countless plants all over the world, both for many leading steel producers, and for smaller manufacturers. SMS Siemag has often provided these small enterprises with the means for tapping into lucrative
steel markets. Even though many plant types are based on strategies that have proven successful over a long
period, we constantly improve them and integrate new technological developments. This is often in response
to changes such as higher quality demands, a broader material range, capacity increases, or stricter environmental regulations.

Meeting the challenges
of tomorrow today
There’s only one way to stay ahead,
and that is to keep moving. SMS
Siemag constantly improves its
strip processing plants, individual
plant components and auxiliary
plants to rise to future challenges.
Read on for some examples of new
technological developments that
ensure strip processing plants from
SMS Siemag will continue in the
future to meet the high quality standards we and our customers expect
from our plants.
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The focus here is on saving
resources, satisfying rising quality
demands as well as producing an
extensive range of modern materials.

Ultra Fast Cooling System.

Hydrothermal acid
regeneration.

REBOX® DFI System.
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REBOX® DFI
New cost-effective solutions
High-performance process for heating and cleaning
Here’s how REBOX® Direct Flame Impingement (DFI) oxyfuel systems increase efficiency in strip processing
plants. They burn gaseous fuel mixed with pure oxygen, directing the flame straight onto the strip. This technology
has proven the most effective method of heating strip today. What’s more, the burners heat the material faster and
also have a cleaning effect, allowing for more compact cleaning and furnace sections in the strip processing plant.
That considerably cuts investment and operating costs. SMS Siemag has concluded an agreement with the Linde
Group giving it exclusive marketing rights for this Linde-developed process in new strip processing plants.
It goes under the name of REBOX® DFI, a registered brand name of the Linde Group.

Oxyfuel technology potentially
much cheaper to build and operate
because they can be far more compact.
Simplified cleaning zone

Burner flame of the DFI oxyfuel strip
heating system.

Enhanced furnace
productivity and
cleaning effect
One of the primary benefits of this
technology is that it guarantees an
excellent heat transfer for vastly
improved furnace productivity. Fuel
consumption is also lower because
of the smaller waste gas volume.
Another advantage is that when the
flames come into contact with the
strip, they remove residual oil and
particles such as abraded iron. As a
result, the cleaning zone can be
much simpler. These factors make
strip processing plants with DFI
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To ensure the quality of the end
product, all radiant-tube furnaces
require an extensive cleaning section. However, with the DFI Oxyfuel solution, the strip surface does
not have to be completely free of
contaminants before it enters the
heating zone.
As the strip travels past the burners, the flames remove a certain
proportion of the residues so that
pre-cleaning using conventional
methods can be minimized. On contact with the flames, organic compounds are directly utilized as fuel.

Shorter furnaces
REBOX® DFI systems can be
installed in the entry area of the vertical or horizontal furnace in strip processing plants. They make the preheating zone superfluous, so some
of the heating zone can be left out.
Depending on the necessary heating
performance, this can shorten the
furnace length by several meters.
The number of burner rows, the
width of the flame cover, and the
heating performance can be varied
according to the heat required and
the strip width.

Conventional design

New design with
DFI Oxyfuel

Comparison between conventional design
of a galvanizing line and new design
with DFI Oxyfuel.

Burner rows integrated in a
strip processing plant.

Graphic of the burner rows (temperatures on
the strip: gray = 20 °C, orange = 100 to 150 °C,
yellow = 200 to 300 °C).
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HYDROTHERMAL ACID
REGENERATION
New method for eco-friendly, cost-efficient acid regeneration
Carbon steel pickling plants generate large quantities of used, iron-enriched hydrochloric acid, in the past a huge
environmental headache. Now there’s hydrothermal acid regeneration, an SMS Siemag-developed process with
significant ecological and economic benefits over conventional methods (fluidized bed and spray roaster processes).
This closed process takes place at temperatures of between 70 and 170 °C, cutting energy consumption by as
much as approx. 30 – 50%. Equally significant, the regenerated products are of higher quality and much more
attractive on the market. The first plant of this type was erected for ThyssenKrupp Steel USA in Alabama and
comes with a capacity of 18,000 l/h.

Three-part treatment
of spent acid
The acid is regenerated in three
main stages. First in line is concentration involving the evaporation of
free hydrogen chloride (HCl) at low
temperatures and under vacuum.
The second stage consists of oxidation of the iron (II) chloride at high
temperatures using pure oxygen to
create iron (III) chloride. In the third
and final stage – low-temperature
hydrolysis – the concentrated iron
(III) chloride solution is converted
into iron oxide and hydrogen chloride. The iron oxide is separated out
with special filters and the rest of
the solution evaporates. Finally, the
vapor condenses together with the
distillate from the concentration
stage to produce regenerated acid.
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High acid quality plus
valuable iron oxide as a
byproduct
Conventionally regenerated acid still
contains a residual quantity of iron
(approx. 5 g/l), while the hydrothermal process removes it completely.
Due to this higher quality, more free
acid is available for the pickling line.
Unlike the conventional method,
the new process produces iron
oxide in the form of a black powder
with a high specific surface area.
This is an excellent raw material for
the pigment, ferrite, and iron powder industry with great economic
potential. Furthermore, the powder
is free of impurities, making it suitable for the production of perfect
iron sulfates or iron chlorides –
in strong demand as flocculation
agents for water treatment. Also
attractive are the lower storage and
transport costs due to the high bulk
density.

Hydrothermal acid regeneration plant at
ThyssenKrupp Steel USA.

Top of an oxidation container in a hydrothermal
regeneration plant.

Graphic of a hydrothermal
acid regeneration plant.

Low energy consumption without emissions

Super-flexible and
low-maintenance

Production of iron (III)
chloride

Overall, the process requires
approx. 30 – 50% less energy than
the conventional method. That’s
because all the reactions take place
in the fluid phase, no burners are
used, and the energy utilization is
ultra-efficient. Due to the very low
process temperatures, low-temperature energy sources can be used
that are cheaply and easily available
in steelworks. All this makes the
plant a model of emission-free,
green technology.

Another drawback of conventional
regeneration systems is that they
can only operate in very limited
capacity windows of 70 – 100%
and have to be switched on and off
when capacity utilization of the pickling plant fluctuates. That burns up
a lot of energy. It makes an enormous difference that hydrothermal
regeneration can be continuously
used at between 10 and 100% utilization of nominal capacity. Regeneration in the fluid phase and at low
temperatures also reduces wear on
the plant parts, slashing maintenance costs.

If required, we can design the plant
in a hybrid version that can also produce iron (III) chloride at very low
cost. This substance is widely used
as a flocculation agent in biological
waste water purification, and
fetches good prices on the market.
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Superior cooling performance
with Drever ULTRA FAST
COOLING SYSTEM
High-strength steels demand rapid cooling
In continuous hot-dip galvanizing and annealing lines, recrystallization annealing of the steel strip is a central
process stage. Apart from breaking down the cold solidification from the rolling process, the main purpose of
annealing is to precisely determine the mechanical properties of the strip. Decisive here – especially when it
comes to high-strength materials – is controlled, fast, and even cooling after recrystallization annealing in the vertical radiant-tube furnace under protective gas atmosphere. There is a growing demand in the automotive industry
for high-strength steel grades to reduce vehicle weight while maintaining or even improving strength. In response
to growing demand, Drever International developed its Ultra Fast Cooling (UFC) System that ensures an even strip
cooling performance of up to 120 K/s/mm. Despite its cooling performance, the system ensures excellent strip
shape and very good surface quality.

Graphic of a furnace equipped with an
Ultra Fast Cooling System.

High-strength dualphase and TRIP steel
grades
The Drever Ultra Fast Cooling
System for high-strength steels
provides a convection cooling
performance of up to 300 kW/m2.
It can cool strip at rates of 100 to
120 K/s/mm in a rapid cooling zone
from 750 °C to 300 °C within just a
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few seconds. This rate of cooling is
necessary for the manufacture of
high-strength multi-phase and TRIP
steel grades with tensile strengths
of up to 1,000 MPa.
Patented hydrogen
injection into the cooling
chamber
The cooling system utilizes the
properties of hydrogen (low density
and high thermal conductivity) to
increase the cooling capacity.
What’s special about the patented

Ultra Fast Cooling strategy from
Drever is the direct injection of pure
hydrogen into the cooling chamber
to achieve a hydrogen content of
some 20 to 30% for exceptional
cooling performance.
Because of the natural diffusion
of the gas into the other areas, no
complicated separation of the cooling and adjacent zones is necessary. As a result, the system uses
no more hydrogen than conventional radiant tube furnaces with
5% hydrogen in protective gas.

Furnace with UFC system in the
annealing line at Shougang.

Uniform cooling thanks
to special cooling box
design
The cooling gas is blown onto the
strip through transverse slot nozzles. That ensures uniform cooling
over the entire width and length of
the strip. The distance between the
strip and the plenum that carries
the nozzles can be varied continually between 40 and 120 mm. Even
under the fast flow of the cooling
gas, the strip remains stable
because of the special plenum and
nozzle design.

annealing line complete with
Drever radiant-tube furnace that
SMS Siemag built for the China
Shougang Corporation in Beijing.
Since then, several annealing furnaces equipped with the system

have been commissioned. Included
among them are the continuous
annealing line from SMS Siemag at
Handan Iron & Steel that went on
stream in fall 2010.

The distance between the strip and the
plenum can be altered continually.

The UFC system was developed and
optimized in extensive laboratory testing.

Successfully in use at
many customer facilities
The first UFC system successfully
went into operation in 2008. It was
installed in the new continuous
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“The information provided in this brochure contains a general description of the performance characteristics of the products concerned. The actual products may not always have these
characteristics as described and, in particular, these may change as a result of further developments of the products. The provision of this information is not intended to have and will
not have legal effect. An obligation to deliver products having particular characteristics shall only exist if expressly agreed in the terms of the contract.”

