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(57) Abrégée/Abstract:
Process for producing a ferritically rolled steel strip, in which liquid steel is cast In a continuous-casting machine (1) to form a slab
and, utilizing the casting heat, Is conveyed through a furnace device (/) undergoes preliminary rolling in a preliminary rolling device
(10) and, In a final rolling device (14), Is finishing-rolled to form the ferritic steel strip with a desired final thickness, in which process,
In a completely continuous, an endless or a semi-endless process, the slab is rolled in the austenitic range Iin the preliminary rolling
device (10) and, after rolling In the austenitic range, Is cooled to a temperature at which the steel has a substantially ferritic
structure, and the strip Is rolled, in the final rolling device, at speeds which substantially correspond to the speed at which It enters

the final rolling device (14) and the following thickness reduction stages, and In at least one stand of the final rolling device (14), the
strip Is ferritically rolled at a temperature of between 850 "C and 600 °C, and, after leaving the final rolling device (14), Is cooled

rapidly to a temperature below 500 °C In order substantially to avoid recrystallization.
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(57) Abstract

Process for producing a ferritically rolled steel strip, in which liquid steel is cast in a continuous—casting machine (1) to form a slab
and, utilizing the casting heat, is conveyed through a furnace device (7) undergoes preliminary rolling in a preliminary rolling device (10)
and, in a final rolling device (14), is finishing-rolled to form the ferritic steel strip with a desired final thickness, in which process, in a
completely continuous, an endless or a semi-endless process, the slab is rolled in the austenitic range in the preliminary rolling device (10)
and, after rolling in the austenitic range, is cooled to a temperature at which the steel has a substantially ferritic structure, and the strip
is rolled, in the final rolling device, at speeds which substantially correspond to the speed at which it enters the final rolling device (14)
and the following thickness reduction stages, and in at least one stand of the final rolling device (14), the strip is ferritically rolled at a

temperature of between 850 °C and 600 °C, and, after leaving the final rolling device (14), is cooled rapidly to a temperature below 500
°C in order substantially to avoid recrystallization.
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PROCESS AND DEVICE FOR PRODUCING A FERRITICALLY ROLLED
STEEL STRIP

The invention relates to a process for producing a ferritically rolled steel strip,
in which liquid steel is cast in a continuous-casting machine to form a slab and,
utilizing the casting heat, is conveyed through a furnace device, undergoes preliminary
rolling in a preliminary rolling device and, 1n a final rolling device, 1s finishing-rolled
to form the ferritic steel strip with a desired final thickness. A process of this nature is
described in patent application PCT/NL97/00325, the content of which is hereby
deemed to be incorporated in the present patent application. The invention also relates
to a device for producing a steel strip, suitable in particular for carrying out a process
according to the invention, comprsing at least one continuous-casting machine for
casting thin slabs, a furnace device for homogenizing a slab, which has optionally
undergone preliminary reduction, and a rolling device for rolling the slab down to a
strip with the desired final thickness, and a coiler device for coiling the strip. A device
of this nature 1s also known from patent application PCT/NL97/00325.

PCT/NL97/00325 describes a completely continuous, endless or semi-endless
process for producing a steel strip which has undergone at least one rolling step in the
ferritic range. The strip emerging from the final rolling device is coiled onto a coiler

device, which is disposed downstream of the final rolling device, at a temperature

which is such that recrystallization occurs on the coil.

Surprisingly, it has been found that the said process is particularly suitable for
producing a steel strip with particular properties. In this process, use is made of
particular aspects of the device as described in application PCR/NL97/00325. In
particular, these aspects relate to the very good control and
homogeneity of the temperature of the slab or of the strip both in the width direction
and in the thickness direction. The temperature is also homogeneous in the longitudinal
direction, since the rolling process proceeds at a steady speed and therefore no
acceleration or deceleration is required during rolling, due to the continuous,
semi-endless or endless options which the device offers for rolling a ferritic strip.

The temperature homogeneity as a function of time 1s also better than that which
can be achieved using conventional installations. In addition, the device offers the
possibility of carrying out rolling in a lubricating manner on one or more rolling mill
stands. Also, cooling devices are provided at various locations in the device, so that the
temperature profile of the steel slab or the steel strip can be controlled particularly
successfully during its passage through and emergence from the installation.
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In addition, particularly when using a vacuum tundish, the chemical
composition of the steel can be particularly finely matched to the desired product
properties. Moreover, owing to the good level of temperature homogeneity, the device
allows a ferritic range which 1s very broad, 1.e. extends over a wide temperature range,
as explained in the patent application mentioned above.

It has been found that the known process provides a steel strip with particularly
good deformation properties in an embodiment which, according to the invention, is
characterized 1n that 1n a completely continuous, an endless or a semi-endless process,
the slab 1s rolled 1 the austenitic range in the preliminary rolling device and, after
rolling 1n the austenitic range, is cooled to a temperature at which the steel has a
substantially ferritic structure, and the strip is rolled, in the final rolling device, at
speeds which substantially correspond to the speed at which it enters the final rolling
device and the following thickness reduction stages, and in at least one stand of the
final rolling device, the strip is ferritically rolled at a temperature of between 850°C and
600°C, and, after leaving the final rollin'g' device, 1s cooled rapidly to a temperature
below 500°C 1n order substantially to avoid recrystallization.

The mmvention works on the basis that, by cooling the ferritically rolled strip
rapidly after it leaves the final rolling device, no recrystallization, or little
recrystallization, occurs, and at least part of the structure which has undergone
deformation in the high ferritic range is maintained. The ferritically rolled steel strip
obtained 1n this way may, furthermore, undergo a cold ferritic reduction in the manner
which 1s known per se, for example in such a manner that the total ferritic reduction lies
in the vicinity of 70 to 80%, part of which is applied in the hot ferritic state and part in
the cold ferritic state. The result is a cold-rolled steel strip with a hi gh r-value and a low
Ar-value. By way of indication, it can be stated that the slab thickness may be approx.
70 mm and the thickness of the reduced slab at the transition from the austenitic range
to the ferritic range lies in the range between 15 and 40 mm. Rapidly cooling the
hot-rolled ferntic strip to a temperature below 500°C prevents the deformation structure
from being lost as a result of recrystallization.

DE-A-19520832 also describes a process for producing a ferritically rolled steel
strip starting from liquid steel cast in a continuous-casting machine. The rolled steel
strip 1s cooled before coiling. It is not disclosed, however, that casted slabs are
conveyed through a furnace, nor that the cooling is performed so rapidly that
recrystallization 1s avoided. WO-A92/00815 discloses a comparable process in which
the strip 1s cooled prior to entering the last rolling stand. Again there is no disclosure
about rapidly cooling which results in avoiding recrystallization.

AMENDED SHEET
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DE-A-19600990 relates to combined austenitic and subsequent ferritic rolling. Prior to
the ferntic rolling the strip is cooled. A further cooling after the ferritic rolling has not
been specified.

In addition to a good temperature distribution, a good distribution of the
reduction 1n size brought about by rolling across the thickness and width of the slab or
strip 1s also of particular importance. Therefore, it is preferable to carry out the process
In such a manner that, on at least one rolling stand at which ferritic rolling is carried
out, lubrication rolling is carried out, and more particularly in such a manner that, on all

the rolling stands at which ferritic rolling is carried out, lubrication rolling is carried
out.
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A further improvement to the stress distribution and the reduction distribution
through the cross section of the slab or strip 1s achieved by means of a process which is
characterized in that, on at least one rolling mill stand of the preliminary rolling device,
rolling is carried out in a lubricating manner. '

Particularly good deformation properties, i.e. high r-values and low Ar-values,
are obtained by means of an embodiment of the process which is characterized in that
the steel is an IF steel. A steel of this nature makes it possible to achieve an r-value of
approx. 3. It is preferable to use an IF steel of heavy analysis with a sufficiently high
titanium content and a suitably matched sulphur content, so that no interstices are
formed during the ferritic rolling. A strip of this nature is particularly suitable as
deep-drawing steel and as a starting material for coated strip, in particular galvanized
strip.

Another embodiment of the process according to the invention is characterized
in that the steel is a low-carbon steel. The known process for making DWI steels makes
it possible to achieve r-values in the vicinity of 1.1. In the packing steel world, an
r-value of 1.2 is desirable. With the process according to the invention, it is readily
possible to achieve an r-value of 1.3 or more. The background to this is that, in contrast
to the traditional method of producing DWI steel, using the process according to the
invention it is possible to achieve a good starting value of the texture giving rise to the
desired r-value of 1.3. In this context, low-carbon steel is understood to mean a steel
with a carbon concentration of between 0.01 and 0.1%, preferably between 0.01 and
0.07%.

In order to achieve the desired high cooling rate, a further embodiment of the
process according to the invention is characterized in that the strip, after leaving the
final rolling device, 1s cooled by a cooling device with a cooling capacity of more than
2 MW/m®. In order to keep the distance between final rolling device and coiling device
as short as possible and to achieve a high level of flexibility in terms of cooling rate, a
further embodiment of the process according to the invention is characterized in that the
cooling device has a cooling capacity of more than 3 MW/m?,

Such cooling rates can be achieved by means of a process which, according to
the invention, is characterized in that, in the cooling device, use is made of water which
is sprayed onto the slab by coherent jets placed with a high position density.

A cooling device which allows the cooling rates which are desirable according
to the invention to be achieved is described, inter alia, in the final report of an ECSC
project No. 7210-EA/214, the content of which 1s hereby deemed to be incorporated in
the present application. A significant advantage of the cooling device which is known
from this report is the wide range over which cooling capacity can be regulated, the
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homogeneity of the cooling and the high cooling capacity per unit surface area.
Selecting a high cooling capacity of this nature makes it possible to achieve the desired
cooling rate at the exit speeds which arise in a continuous, endless or semi-endless
rolling process. |

The mvention is also embodied by a device for producing a steel strip, suitable
in particular for carrying out a process according to the invention, comprising at least
one continuous-casting machine for casting thin slabs, a furnace device for
homogemzing a slab, which has optionally undergone preliminary size reduction, and a
rolling device for rolling the slab down to a strip with the desired final thickness in a
preliminary rolling device, and a coiler device for coiling the strip.

Surprisingly, it is now been found that the so-called close-in-coiler directly
downstream of the rolling mill stand can be avoided by an embodiment of the device
which 1s characterized in that a cooling device with a cooling capacity of at least
2 MW/m? is placed between the final rolling mill stand of the rolling device and the
coller device.

In the past, numerous proposals have been made for devices and processes for
achieving a high cooling rate of a steel strip downstream of a rolling device and
upstream of a coiler device. In the case of a device as described in PCT/NL97/00325, it
1s possible to produce both a ferritically rolled strip which recrystallizes on the coil and
an austenitically rolled strip. In addition, the device is particularly suitable for
producing a ferrtically rolled steel strip according to the present invention. When
producing a ferritic strip which recrystallizes on the coil, it is attempted to keep the
cooling of the strip after it leaves the final rolling device as low as possible and
therefore to employ a coiler device which is positioned as close as possible downstream
of the final rolling device (close-in-coiler). If an austenitically rolled steel strip is being
produced, this strip has to be cooled before being coiled. Therefore, the close-in-coiler
which has just been mentioned is not suitable for this purpose, and a second coiler
device following the cooling device is desirable. If the cooling capacity of the cooling
device 1s high, the length over which cooling is carried out is short and the
close-in-coiler can be omitted, a fact which provides the additional advantage of
considerable savings. '

Given a hugh cooling capacity of this nature, the distance between the exit sides
of the final rolling device and the coiler following the cooling device is so short that the
fall in temperature of a ferritically rolled steel strip over this distance is also so low that

1t has still proven possible to coil the strip at a temperature at which recrystallization
takes place on the coil.

AMENDED SHEET
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The invention will now be explained in more detail with reference to a
non-limiting embodiment according to the drawing, in which:

Fig. 1 shows a diagrammatic side view of a device with which the process
according to the invention can be carried out;

Fig. 2 shows a graph illustrating the temperature profile in the steel as a
function of the position in the device;

Fig. 3 shows a graph illustrating the thickness profile of the steel as a function
of the position in the device.

In Fig. 1, reference numeral 1 indicates a continuous-casting machine for
casting thin slabs. In this introductory description, this term is understood to mean a
continuous-casting machine for casting thin slabs of steel with a thickness of less than
150 mm, preferably less than 100 mm, more preferably less than 80 mm. The
continuous-casting machine may comprise one or more strands. It is also possible for a
plurality of casting machines to be positioned next to one another. These embodiments
fall within the scope of the invention. Reference numeral 2 indicates a casting ladle
from which the liquid steel which is to be cast 1s fed to a tundish 3, which in this design
is in the form of a vacuum tundish. The tundish is preferably provided with means,
such as metering means, mixing means and analysis means, for setting the chemical
composition of the steel to a desired composition, since in the present invention the
composition is important. Beneath the tundish 3, there is a casting mould 4 into which
the liquid steel is cast and at least partially solidified. If desired, casting mould 4 may
be equipped with an electromagnetic brake. The standard continuous-casting machine
has a casting speed of approx. 6 m/min; additional measures, such as a vacuum tundish
and/or an electromagnetic brake provide the prospect of casting rates of 8 m/min or
more. The solidified thin slab is introduced into a tunnel furnace 7 which has a length
of, for example, 250-330 m. As soon as the cast slab has reached the end of the furnace
7, the slab is cut into slab sections in a semi-endless process using the shearing device
6. A semi-endless process is understood to mean a process in which a number of coils,
preferably more than three, more preferably more than five coils, of the standard coil
size are rolled from a single slab or slab section, in a continuous rolling process in at
least the final rolling device, so as to give the final thickness. In an endless rolling
process, the slabs or, after the preliminary rolling device, strips are coupled together so
that an endless rolling process can be carried out in the final rolling device. In a
continuous process, a slab moves through the path between continuous-casting machine
and exit side of the rolling device without interruption. The invention is explained here
on the basis of a semi-endless process, but can obviously also be used for an endless or
continuous process. Each slab section represents a quantity of steel corresponding to
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five to six conventional coils. In the furnace, there i1s room to store a number of slab
sections of this nature, for example to store three slab sections. As a result, those parts
of the installation which lie downstream of the furnace can continue to operate while
the casting ladle in the continuous-casting machine is being changed and the casting of
a new slab is to commence, and ensures that the continuous-casting machine can
continue to operate if a fault arises downstream. Also, storage in the furnace increases
the residence time of the slab sections therein, resulting in improved temperature
homogenization of the slab sections. The speed at which the slab enters the furnace
corresponds to the casting speed and is therefore approx. 0.1 m/sec. Downstream of
furnace 7, there is an oxide-removal device 9, 1n this case in the form of high-pressure
water jets with a pressure of approx. 400 atmosphere, for blasting off the oxide which
has formed on the surface of the slab. The speed at which the slab passes through the
oxide-removal installation and enters the furnace device 10 is approx. 0.15 m/sec. The
rolling device 10, which fulfils the function of the preliminary rolling device, comprises
two four-high stands, which are preferably equipped with a device for roller lubrnication.
If desired, a shearing device 8 may be included for emergency situations.

It can be seen from Fig. 2 that the temperature of the steel slab, which 1s
approximately 1450°C on leaving the tundish, falls in the rolling stand to a level of
approx. 1150°C, and the slab 1s homogenized in the furnace device at that temperature.
The intensive spraying with water in the oxide-removal device 9 causes the temperature
of the slab to fall from approximately 1150°C to approximately 1050°C. This apphes
both for the austenitic process and for the ferritic process, a and f respectively. In the
two rolling mill stands of the preliminary rolling device 10, the temperature of the slab
falls, with each roller increment, by another approximately 50°C, so that the slab, the
thickness of which was originally approximately 70 mm and which is formed in two
steps, with an interim thickness of 42 mm, into a steel strip with a thickness of approx.
16.8 mm, is at a temperature of approximately 950°C. The thickness profile as a
function of the location is shown in Fig. 3. The numbers indicate the thickness in mm.
A cooling device 11, a set of coil boxes 12 and, if desired, an additional furnace device
(not shown) are accommodated downstream of the preliminary rolling device 10.
During the production of an austenitically rolled strip, the strip emerging from the
rolling device 10 may be temporarily stored and homogenized in the coil boxes 12, and
if an additional increase in temperature is required, may be heated in the heating device
(not shown) which is positioned downstream of the coil box. It would be obvious to the
person skilled in the art that coiling device 11, coil boxes 12 and the furnace device
which is not shown may be in different positions with respect to one another from those
mentioned above. As a result of the reduction in thickness, the rolled strip enters the
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coil boxes at a speed of approx. 0.6 m/sec. A second oxide-removal installation 13,
water pressure approximately 400 atmosphere, 1s positioned downstream of the cooling

~ device 11, coil boxes 12 or furnace device (not shown), for the purpose of again

removing an oxide skin which may have formed on the surface of the rolled strip. If
desired, another shearing device may be included so as to top and tail a strip. The strip
is then introduced into a rolling train which may be in the form of six four-high rolling
mill stands which are positioned one behind the other and are preferably constructed
with a device for roller lubrication. |

When producing an austenitic strip, it is possible to achieve the desired final
thickness of between, for example, 1.0 and 0.6 mm by using only five rolling mill
stands. The thickness which is achieved by each rolling mill stand is indicated, for a
slab thickness of 70 mm, in the top row of figures in Fig. 3. After leaving the rolling
train 14, the strip, which is then at a final temperature of approximately 900°C and has
a thickness of 0.6 mm, is intensively cooled by means of a cooling device 15 and is
coiled onto a coiler device 16. The speed at which it enters the coiler device is approx.
13-25 m/sec.

If a ferritically rolled steel strip according to the invention is to be produced, the

- steel strip emerging from the preliminary rolling device 10 is Intensively cooled by

means of cooling device 11. This cooling device may also be incorporated between
rolling stands of the final rolling device. It 1s also possible to employ natural cooling, -
optionally between rolling stands. Then, the strip spans coil boxes 12 and, if desired,
the furnace device (not shown), and oxide is then removed in oxide-removal installation
13. The strip, which is by now in the ferritic range, is then at a temperature of
approximately 750°C. In this case, a further part of the material may still be austenitic
but, depending on the carbon content and the desired final quality, this may be
acceptable. In order to provide the ferritic strip with the desired final thickness of
between, for example, 0.8 and 0.5 mm, all six stands of the rolling train 14 are used.

As in the situation where an austenitic strip was being rolled, for rolling a
ferritic strip an essentially equal reduction in thickness is used for each rolling mill
stand, with the exception of the reduction carried out by the final rolling mill stand. All
this is illustrated in the temperature profile in accordance with Fig. 2 and the thickness
profile in accordance with the bottom row of Fig. 3 for ferritic rolling of the steel strip
as a function of the position. The temperature profile shows that the strip, on emerging,
is at a temperature which i1s well above the recrystallization temperature. Therefore, in
order to prevent the formation of oxide, it may be desirable to use a cooling device 15
to cool the strip to the desired coiling temperature, at which recrystallization may still
take place. If the exit temperature from rolling train 14 is too low, it is possible to bring
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the ferritically rolled strip up to a desired coiling temperature by means of a furnace
device 18 which is positioned downstream of the rolling train. In the process according
to the invention, the ferritically rolled steel strip, after it leaves the rerolling device 14,
is cooled very rapidly, by means of cooling device 15, to a temperature at which at least
a considerable part of the structure made during rolling 1s maintained. Cooling to below
500°C is sufficient for this purpose.

Owing to the high speed at which the ferritically rolled strip exits the rerolling
device 14, and in order to keep the distance over which cooling is carried out low,
cooling device 15 has a very high cooling capacity, of more than 2 and preferably more
than 3 MW/m®.

Because the cooling device 15 1s very short, the distance between the exit side
of the rerolling device 14 and the coiler device 16, which in this case is in the form of a
so-called carousel coiler, is also short. As a result, coiler device 15 can also be used in
the conventional process for producing ferritic strip in which the steel recrystallizes on
the coil. A so-called close-in-coiler immediately downstream of the exit side of the
rerolling device 14, in order to limit the fall in temperature between the rerolling device
14 and a coiler device, is therefore not required.

Cooling device 15 and furnace device 18 may be positioned next to one another
or one behind the other. It is also possible to replace one device with the other device
depending on whether ferritic or austenitic strip 1s being produced. Rolling can be
carried out endlessly or continuously when producing a ferritic strip. This means that
the strip emerging from the rolling device 14 and, if appropriate, cooling device or
furnace device 15 or 18, respectively, has a greater length than is usual for forming a
single coil and that a slab section with the length of a complete furnace, or even a
longer slab section, is rolled continuously. A shearing device 17 is included in order to
cut the strip to the desired length, corresponding to standard coil dimensions. By
suitably selecting the various components of the device and the process steps carried
out using this device, such as homogenization, rolling, cooling and temporary storage,
it has proven possible to operate this device with a single continuous-casting machine,
whereas in the prior art fwo continuous-casting machines are used in order to match the
limited casting speed to the much higher rolling speeds which are customarily

‘employed. If desired, an additional so-called close-in-coiler may be accommodated

immediately downstream of the rolling train 14 in order to assist with controlling the
strip movement and the strip temperature, but this is not necessary, as indicated above.
The device is suitable for strips with a width which lies in the range between 1000 and
1500 mm and a thickness of approximately 1.0 mm in the case of an austenitically
rolled strip and of approximately 0.5 to 0.6 mm 1n the case of a ferritically rolled strip.
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The homogenization time in the furnace device 7 1s approximately ten minutes for
storing three slabs of the length of the furnace. The coil box is suitable for storing two
complete strips in the case of austenitic rolling.
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What is claimed is:

1. Process for producing a ferritically rolled steel strip, in which liquid steel
IS cast In a continuous-casting machine to form a slab and, utilizing the
casting heat, i1s conveyed through a furnace device, undergoes preliminary
rolling In a preliminary rolling device and, in a final rolling device, is finishing-
rolled to form a ferritic steel strip with a desired final thickness, wherein in an
endless or a semi-endless process, the siab is rolled in the austenitic range in
the preliminary rolling device and, after rolling in the austenitic range, is
cooled to a temperature at which the steel has a substantially ferritic structure,
and the strip is rolled, in the final rolling device, at speeds which substantially
correspond to the speed at which it enters the final rolling device and the

following thickness reduction stages, and in at least one stand of the final

rolling device, the strip is ferritically rolled at a temperature of between 850°C
and 600°C, and, after leaving the final rolling device, is cooled rapidly to a

temperature below 500°C thereby substantially avoiding recrystallization,

2. Process according to Claim 1, wherein one rolling stand at which

ferritic rolling is carried out, lubrication rolling is carried out.

3. Process according to any one of claims 1 to 2, wherein on all the rolling

stands at which ferritic rolling is carried out, lubrication rolling is carried out.

4. Process according to any one of claims 1 to 3, wherein on at least one

rolling mill stand of the preliminary rolling device, lubrication rolling is carried

out.

5. Process according to any one of claims 1 to 4, wherein the steel is an
IF steel.

6. Process according to any one of claims 1 to 4, wherein the steel is a

low-carbon steel.
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7. Process according to any one of claims 1 to 6, wherein the strip, after
leaving the final rolling device, is cooled by a cooling device with a cooling

capacity of more than 2 MW/m?.

8. Process according to Claim 7, wherein the cooling device has a cooling

capacity of more than 3 MW/m?®.

9. Process according to Claim 7 or 8, wherein in the cooling device, use is
made of water which is sprayed onto the slab by coherent jets placed with a

high position density.

10.  Device for carrying out the process of any one of Claims 1 to 9,
comprising at least one continuous-casting machine for casting thin slabs, a
furnace device for homogenizing a siab, a preliminary rolling device for
preliminary rolling, and a rolling device for rolling the slab down to a strip with
the desired final thickness, and a coiler for coiling the strip, wherein a cooling
device with a cooling capacity of at least 2 MW/m? is placed between the final

rolling mill stand of the rolling device and the coiler device
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