
EP 0 370 575 B1 Description The invention relates to a method for the
manufacture of formable steel according to claim 1. By 'continuous
successive process stages' is meant process stages which during normal
operation are 5   carried out simultaneously on one and the same original
slab, including the continuous casting of the slab. By 'formable steel' Is
meant a type of steel which is suitable for plastic shaping or deformation,
including deep drawing, and is thus particularly suitable for use In
construction industry components, automotive struc- tures, especially car
bodywork, household appilcances, office furniture, containers and generally
in products for which appearance is important. 10     A method of the type
described above is disclosed in Ep-A-306076 representing the closest prior
art and falling in the terms of Art. 54(3) EPC (published 8 March 1989).
This describes a method in which in a contin- uous process a slab is
continuously cast and in the austenitic range is rolled out into a sheet
with a thickness of between 2 and 5 mm at a temperature below [err]. In a
process stage following the austenitic rolling the sheet is then cooled
down to a temperature of between [err] and [err] and then with a thickness
reduction of 15  at least 25% rolled out and coiled. Annealing, pickling
and coating may be interposed between rolling out and colling. This
continuous process offers a number of advantages with respect to the
classic discontinuous method for making formable steel in which the
continuous casting of a slab, hot rolling, pickling, cold rolling,
annealing and coating are process stages separate from one another. 20
Because the different process stages in the continuous process described
follow one onto another, prob- lems associated with the start and the end
of each individual process stage of the discontinuous method are
eliminated. One of the advantages attained is that the temperature of the
steel during all process stages can be better controlled and that as a
result the precision of shape and the homogeneity of the metallurgical
prop- erties of the strip are improved. 25      The continuous process
described also produces significant economic advantages. All components of
an apparatus for carrying out the continuous process described may work
continuously because run-in and run- out phases and waiting times are
eliminated. This means that optimum use is made of the components so that
production Is even possible at a lower production level per component than
is currently considered technically and economically accountable in the
steel world. Apparatus control too may be centralized and carried out more
30  easily. In the continuous process described, the initial thin slabs
have a thickness of less than 100 mm. A con- tinuous casting machine for
such slabs is many times lighter and less expensive than a continuous
casting machine for slabs with a thickness of 250  mm. Therefore, the
method described is of particular interest for medium sized and small
steelworks. 35      All In all the continuous process described is
consequently already far more economically and technically attractivefora
production level required undertoday's standards than a discontinuous
process. Forthis reason the apparatus used to carry out the process is, in
practice, complicated. In order to deal with the separation in practice, a
complicated mill stand, a so-called planetary mill stand is proposed. Such
a mill stand has dis- advantages with respect to thickness control,
maintenance and noise making. 40      The object of the present invention
is to provide an improved method in which the advantages of a con- tinuous
method, e.g. as described in EP-A-306076 are preserved but which may be
carried out by simple ap- paratus. This object is achieved by a method for
the manufacture of formable steel in the form of a strip with a final
thickness of between 0.5 and 1,5 mm In which, in a number of continuous
successive process stages, molten 45  steel is continuously cast into a
slab of less than 100 mm thickness and the slab Is rolled into the strip,
the slab is cooled down to a rolling hot temperature of between [err] and a
temperature [err] at which at least 75% of the material is converted into
ferrite, in that the hot rolling of the slab into strip comprises at least
one re- duction stage with a thickness reduction of over 30% and has an
exit speed after the hot rolling of less than 1000 m/min, and in that after
recrystallisation the strip is coiled, wherein [err] = (910-890)x(%C)[err].
50      The invention is based on the assumption that the structure desired
for the strip of formable steel can also be obtained by rolling only in the
ferrite temperature range and thereby by means of a reduction of over 30%
breaking down the undesired casting structure. In addition, the capacity
match between continuous cast- ing machine and mill stands may be preserved
by the further assumption that the desired metallurgical prop- erties, and
here In particular a desired r-value, may also be obtained at low rolling
speeds, and at the forming 55  rates therefore occurring In practice, by
rolling in a specific temperature regime within the above-mentioned range.
For the desired capacity match between the mass flow density in the
continuous casting machine and the mass flow density in the mill train, an
exit speed from rolling lower than 1000 m/min is sufficient. 



2    EP 0 370 575 B1 The method in accordance with the invention produces
the significantadvantagethat it is possible to avoid a rolling stage with a
mill stand, enabling a large reduction in a very short time. In particular
use of a planetary mill stand is avoided. Another advantage of the method
in accordance with the invention is that the entry temperature of the 5
slab into the mill stands Is lower than with the method of EP-A-306076.
This prevents the slab from heating up the rolls of the mill stand and the
rolls from wearing quickly having softened under the heat Another ad-
vantage is obtained because scale formation at low entry temperature is
slight, which makes it easier to pro- duce a strip with a flawless surface
quality. It is to be noted that EP-A-0194118 discloses a method for
manufacturing formable steel, in which a low 10 carbon steel undergoes at
least one rolling stage in the temperature range between [err] and [err] at
a form- ing rate of not less than 300 per second and is thereafter
recrystallisation annealed. This publication only men- tions the conditions
for carrying out a rolling stage for obtaining a formable steel with
desired properties, but does not mention the manufacture of formable steel
in a continuous process in accordance with the present Invention. The
proposed high forming rate of over 300 per second hinders the use of the
proposed method in 15   a continuous process because of the incompatibility
with a continuous casting machine used in practice in a production line. It
is also to be noted that a method disclosed in EP-A-0198788 for
manufacturing formable steel, in which a low carbon steel undergoes at
least one rolling stage in the temperature range between [err] and the Ar3-
point, at a reduction of not less than 35% and a forming rate of not less
than 300 per second. This publication 20  too only mentions the conditions
for carrying out one single rolling stage for obtaining a formable steel
with desired properties. It does not mention the manufacture of formable
steel in a continuous process. Also, for the rolling stage of this
publication, the proposed high forming rate is not compatible with the
casting rate of a continuous casting machine used In practice in a
production line. The method in accordance with the Invention assumes that
the desired properties of the formable steel 25   may also be attained with
a method In which a lowerstrip exitspeed and, associated with that, a
lowerforming rate Is used, and In which in combination with a lowering of
the temperature and subsequent recrystailisation, the desired properties
and in particular a desired r-value are obtained. This is explained as
follows. The r-value (Lankford value) is proportional to the ratio between
the amount of material with a 111 crystal orientation and the amount of
material with a 100 crystal orientation. In recrystallisation, there appear
in time first the nuclei 30  of the Ill crystal orientation and later the
nuclei for the 100 crystal orientation. Deformation of steel brought about
by a rolling process causes dislocations in the steel which are the driv-
ing force for recrystallisation. For a high r-value it is important that as
much as possible of this driving force be used for the crystals with 111
orientation. So a fast recrystallisation is beneficial forforming a large
number of crystals with 111 texture, and thus for a high r-value. However,
the driving force may also disappear by an- 35  other phenomenon, the
so-called recovery. Recovery is a process whereby dislocations disappear as
a result of thermal movement in the crystal lattice, for example at the
grain boundaries. The occurrence of recovery reduces the remaining driving
force for recrystallisation, and so has a negative effect on the r-value.
Recovery Is a process defined by temperature and the passage of time. Thus
recovery may be suppressed by reducing the time in which recovery may occur
and dislocations be destroyed, at the sacrifice of nuclei for recrystalli-
40  sation This assumption leads to the high forming rate as proposed in
both of the above publications EP-A- 0194118 and EP-A-0196788. The method
in accordance with the invention is based on the assumption that the
occurrence of recovery after a rolling stage may be suppressed by lowering
the temperature at which a rolling stage takes place. Then the forming rate
may be reduced sofar thatthe rolling speed as regards the amountof rolled
steel corresponds 45  to the capacity of a continuous casting machine. By
subsequent heat treatment, recrystallisation may be ini- tiated for
obtaining a desired revalue. This assumption enables the use of a
continuous process for the man- ufacture of formable steel with a desired
r-value. The result is a method which is efficient and safe to operate and
which produces aformable steel with homogeneous mechanical properties and
easily reproducible quality. Because there are no run-in and run-out
phases, the method produces a very high material yield. 50     It is to be
noted that a method for the manufacture of thin steel strip with an
improved workability is known from EP-A-0226446, in which continuous cast
steel is subjected to a lubrication' rolling stage at a temperature of
between [err] and the Ar3-point at a rolling speed of not less than 1500
m/min. A lubrication' rolling stage, i.e. rolling while adding extra
lubricant, is known from the practice of hot rolling under the term "strip
greasing". 



In the method of EP-A-0226446 a rolling reduction of not less than 90% is
mentioned which, together with 55  the rolling speed of over 1500 m/min,
ensures thatthe deformation in the steel resulting from rolling is
uniformly spread across the section of the steel strip. Rolling speeds and
thus strip exit speeds of up to 5000 m/min are proposed. Such high rolling
speeds are not compatible with a practical embodiment of a continuous
casting machine, 3    EP 0 370 575 B1 and create problems with the other
components used, such as coiling mandrels. A problem with high strip exit
speeds is that the strip tends to fly so that extra guides are needed which
themselves may also damage the strip. Therefore, an apparatus for carrying
out rolling processes with high strip exit speeds is complicated and
costly. Consequently, operating such an Installation economically requires
a high production capacity. This 5 means that the proposed method is not
suitable for small or medium sized steelworks. Preferably in the present
Invention the strip exit speed after rolling is less than 750 m/min. A
lower exit speed has the advantage that controlling the shape of the strip
and guiding the strip through the Installation Is simpler. One result is
that It Is possible to omit the 'crown' In the strip which is needed in
conventional hot strip rolling mills for keeping the strip in the centre of
the mill train. By 'crown' Is meant the slight decrease in 10 thickness of
a ship from the edge towards its centre. During roiling in a continuous
process with lower exit speed, the strip can be run through the
installation by means of drawing and simple steering rollers. Preferably
the rolling comprises a plurality of reduction stages and is carried out
partly in a temperature range in which between two successive reduction
stages the steel largely recrystallizes and carried out partly in a
temperature range In which between two successive reduction stages in
principle the steel does not re- 15 crystallize. This therefore splits up
the temperature range in which the steel is ferritically reduced. This
splitting is achieved for instance by placing a cooling installation
between one or more mill stands carrying out the re- duction. An advantage
of this embodiment is that In the temperature range In which
recrystallisation occurs, It is possible to roll with low rolling forces
and the rolling forces required to obtain a desired reduction are pre-
dictable with great accuracy both In the range in which no
recrystallisation takes place, and in the range In 20 which
recrystallisation does take place. This makes a precise control of the
strip shape possible. Another advantage is that material properties can be
influenced. The exit temperature of the steel strip on leaving the
lastrolling stage Is selected In dependence on the desired r-value. If a
low r-value is acceptable, then ferritic rolling may be carried out at a
temperature in the range from approx. [err] to [err]. Then the steel does
not need to be annealed specially for recrystallisation. Recrystallisation
then comes about through the 25 steel's own heat. For a high r-value, such
as is needed for good deep drawing properties, an exit temperature is
selected in the range from approx. [err] to approx. [err]. At these low
temperatures the recovery process proceeds so sluggishly that sufficient
dislocations remain for later recrystallisation. In a suitable method for
carrying out the annealing, the strip is annealed for at least 0.1 seconds
at a tem- perature of between [err] and [err] and more preferably the strip
is annealed for a period from 5 to 60 sec- 30  onds at a temperature of
between [err] and [err]. In the invention preferably after annealing or
after the recyrstallization without annealing, the strip is brought to a
temperature below [err]. This prevents oxide blisters from forming on the
surface of the strip. Such blisters damage the surface. Moreover, a
pickling process to be carried out later may then be done faster and more
efficiently. More preferably the strip is brought to a temperature of
between [err] and [err] and 35 then coiled. This achieves the effect that
carbon dissolved in excess mostly disperses in the form of edge cementite
which further improves the formability of the formable steel. If the strip
Is not coiled immediately but is first pickled. it is preferable that the
strip be brought to a tem- perature below [err] before immersion In the
pickle liquor comprising hydrochloric acid. Other pickle liquors are known
in which a strip may be pickled at higher temperatures, but such pickle
liquors are weak acids which 40  would mean that very long pickling tank
sections would be needed. Yet another embodiment of the method in
accordance with the invention is characterized in that before coiling the
strip is brought to a temperature below [err]. The strip is then suitable
for a supplementary process stage which is characterized in that the strip
is re-rolled with a re-rolling reduction of between 0.1% and 10%. By
subjecting the strip to re-rolling the strip shape may be improved and the
surface roughened. At the same 45  time this prevents flow lines occurring
in the workpiece when the strip is being deep drawn. Before re-rolling
reduction It is an advantage for the strip temperature to be below [err]
because above [err] any dissolved carbon remaining moves so fast that the
steel of the strip ages. On subsequent press working of the steel, flow
lines then occur on the surface which are harmful to the appearance of the
pressed part. Re-rolling has 



the advantage that the mechanical properties of the steel improve, while in
addition re-rolling is beneficial for 50  the roughness and makes it
possible to correct the strip shape. The material output may be kept high
by a specific embodiment of the method in accordance with the In- vention
which is characterized in that the strip is pickled and by yet
anotherspecific embodiment which is char- acterized in that the strip is
provided with a coating layer. This achieves an extra advantage that for
the sake of the application of the coating layer, such as zinc, the strip
is taken through an annealing furnace which has 55   a temperature at which
recrystallsation occurs. A separate recrystallisation stage may then be
avoided. One preferred embodiment of the method in accordance with the
invention is characterized in that, after rolling, the strip is heated to a
temperature of between [err] and [err] and then at a rate of cooling of
between [err]/sec and [err]/sec is cooled down to a temperature of less
than [err]. During heating the steel re- 4    EP 0 370 575 B1 crystallises,
whereupon a 'dual-phase' structure develops In the material, consisting of
austenite and ferrite. The ratio of the volume of the austenite phase and
the volume of the ferrite phase may be adjusted by selecting the annealing
temperature in dependence on, in principle, the carbon content of the
steel. During the fast cooling down, the austenitic phase transforms at
approx. 4500C into a martensitic phase, 5   which is particularly hard. The
cooling down rate necessary to accomplish the desired transformation
depends on the steel composition, specifically the content In the steel of
manganese, silicon, chromium and molybde- num, and in practical
applications amounts to [err]/sec - [err]/sec. The resulting 'dual-phase'
structure of ferrite and martensite produces a material that combines high
strength with good formability. This steel with a 'dual-phase' structure Is
of itself a known product. With the method in accordance with 10  the
invention this product may be manufactured simply and at low cost. The
method In accordance with the invention has the advantage that the velocity
of the strip Is comparatively low. By simple means the strip may be brought
from the rolling temperature to the desired heating temperature, and
thereafter be cooled quickly to a temperature of approx. [err]. A preferred
embodiment of the method in accordance with the invention is characterized
in that the slab 15  is cooled to a temperature of between [err] and a
temperature at which at least 90% of the material converts to ferrite. It
is found that better results are obtained as more material Is converted
from austenite to ferrite. Yet another preferred embodiment of the method
in accordance with the invention is characterized in that the slab is
pre-reduced and then cooled down to the rolling temperature. Following
continuous casting the slab is still at a high temperature and so is to be
pre-reduced with comparatively low forces and simple means, for 20  example
by forging, pressing or rolling. By pre-reducing the slab at a high
temperature, preferably above [err], the total forming energy required is
considerably limited. A pre-reduction to a thickness of 5 mm is possible.
The method in accordance with the invention demands a high degree of
availability from every component of the apparatus with which It is carried
out. In order to prevent production coming to a standstill through one 25
single part becoming defective, it is an advantage to include in the
apparatus components fortemporary stor- age in order to allow the method to
run on as much as is then possible. In particular, for the apparatus which
rolls the cooled slab, it is an advantage to incorporate a so-called
coilbox fortemporarily storing a slab, whether pre-reduced or not. The
invention will now be illustrated by way of non-limitative example by
reference to the drawings. In the 30  drawings, Fig. I is a graph showing
the qualitative relationship between the rolling temperature at the last
roiling stage and the revalue after recrystallisation, and Fig. 2 is an
example of the layout of an apparatus for carrying out the method in
accordance with the in- vention. 35      Fig. 1 shows the relationship
between the temperature of the strip at the last rolling stage and the
r-value of the strip after recrystallisation. The x-axis gives the final
roiling temperature in the range from approx. [err] to approx. [err]; the
y-axis gives the r-value after recrystallsation from approx. 1.0 to approx.
2.0. The figure shows three curves for three different combinations of
strip speed and forming rate in accordance with the following data: 40
Curve            Strip  Speed                Forming Rate 1
200 m/min                     150/sec 45 



2                     300 m/min                    220/sec 3
400 m/min                     300/sec 50      From the figure it appears
that steel types for which no requirements or minor requirements in r-value
are made may be rolled at a high rolling temperature, at which the material
recrystallises by its own heat content. However, high r-values may be
achieved at comparatively low forming rate and low strip speed by selecting
a low rolling temperature and then carrying out recrystallisation
annealing. As curve 1 shows, a high r-value may also be achieved at a low
rolling temperature and a forming rate of 55   150/sec at a strip speed of
200 m/min. At the maximum exit thickness of 1.5 mm this corresponds to a
casting rate of 0.3 [err]/min. Such a casting rate lies within the range of
currently available continuous casting machines. The assumption, as
expressed in the set of curves of Fig. 1, makes possible a continuous
process and the potential associated advantages in combination with a
continuous casting machine as used in practice. 5    EP 0 370 575 B1 Fig. 2
shows a non-limitative example of an embodiment of an apparatus for
carrying out the method in accordance with the Invention. Fig. 2 shows a
tundish 10 of a continuous casting machine from which steel flows into the
mould 12 through a casting pipe 11. The slab 13 emerging from underneath
the mould Is cooled by means of water sprayers 14 and then turned from a
vertical to a horizontal direction by a roller track not 5   shown in
drawing. Ascale breaker 15 rinses off scale adhering to the slab using
water jets. Now de-scaled the slab may then be pre-reduced. In the figure a
mill stand 16 is chosen for this. After pre-reduction the slab Is cooled by
means of the cooling installation 17 and then homogenized in temperature in
the homogenizing fur- nace 18. After the homogenizing furnace the slab has
a temperature in the range of between [err] and [err], the actual
temperature being dependent on the desired r-value in combination with the
production speed of 10 the continuous casting machine. The homogenized slab
is then taken into mill stands 19 and 20. Two four-high mill stands may for
instance be chosen for this. Care is taken that the rolling temperature at
the mill stands 19 and 20 does not lie in the vicinity of [err] being the
temperature above which the recrystallisation process of steel begins. If
the rolling temperature in the mill stands 19 and 20 does lie above [err],
recrystallisation takes place between the mill stands 19 and 20. The steel
sheet 21 emerging from the roll 20 is then cooled by means of cooling
installation 22 to a temperature at which no more recrystallisation takes
place during rolling. Next the cooled steel sheet 21 is further rolled out
by rolls 23 and 24 into a strip 25 with a final thickness of between 0.5 mm
and 1.5 mm. After the final roll stand 24 of the hot rolling, the strip
speed is less than 1000 m/min. At least one of the roll stands 19,20,23,24
effects a reduction of over 30%. The strip 25 is taken through a heating
apparatus 26 for 20 recrystallisation annealing to obtain a desired r-value
or for another heat treatment A cooling installation 27 is positioned after
the heating apparatus 26 for cooling the strip 25. The cooling installation
27 has suff icient capacity to cool down the strip 25 so fast that the
strip obtains a 'dual-phase' structure, the so-called 'dual- phase'; steel.
A second heating apparatus 28 is positioned after the cooling installation
for 'overageing' and is followed by a cooling apparatus 29. A pickling line
30 follows the cooling apparatus 29 for the removal of 25  the oxide scale
from the strip.Are-roller31 is available forgiving the strip an extra
reduction of between 0.1% and 10%. An electrochemical cell 32 may be used
for putting a coating layer onto the strip. The coating layer may be for
example, a zinc layer, a chromium layer or an oil film. A coiling apparatus
33 is positioned after the electrochemical cell for coiling the finished
strip. Using a shearing machine 34 the strip may be  cut off to a desired
length. 30 Claims 1.  Method for the manufacture of formable steel in the
form of a strip with a final thickness of between 0.5 35      and 1.5 mm in
which, in a number of continuous successive process stages, molten steel is
continuously cast into a slab of less than 100 mm thickness and the slab is
rolled into the strip, the slab is cooled down to a rolling hot temperature
of between [err] and a temperature [err at which at least 75% of the
material is converted into ferrite, in that the hot rolling of the slab
into strip comprises at least one reduction stage with a thickness
reduction of over 30% and has an exit speed afterthe hot rolling of less
than 1000 m/min, 40      and in that after recrystallisation the strip is
coiled, wherein [err] = (910-890)x(%C) [err]. 2.  Method in accordance with
Claim 1, wherein the strip exit speed after the rolling is less than 750
m/min. 3.  Method in accordance with Claim 1 or Claim 2, wherein the hot
rolling comprises a plurality of reduction 45     stages and is carried out
partly in a temperature range in which between two successive reduction
stages the steel largely recrystallises and partly in a temperature range
in which between two successive reduc- 



tion stages the steel substantially does not recrystallise. 4.  Method in
accordance with any one of Claims 1 to 3, wherein before being coiled the
strip is annealed 50      for at least 0.1 seconds at a temperature of
between [err] and [err] to achieve said recrystallization. 5.  Method in
accordance with Claim 4, wherein before being coiled the strip is annealed
for a period from 5 to 60 seconds at a temperature of between [err] and
[err]. 6. Method in accordance with Claim 4 or Claim 5. wherein immediately
after annealing, the strip is brought 55      to a temperature below [err].
7.  Method in accordance with Claim 6, wherein immediately after annealing
the strip is brought to a tem- perature of between [err] and [err] and then
coiled. 6    7 EP 0 370 575 B1 Fig. 2 shows a non-limitative example of an
embodiment of an apparatus for carrying out the method in accordance with
the invention. Fig. 2 shows a tundish 10 of a continuous casting machine
from which steel flows into the mould 12 through a casting pipe 11. The
slab 13 emerging from underneath the mould is cooled by means of water
sprayers 14 and then turned from a vertical to a horizontal direction by a
roller track not 5   shown In drawing. Ascale breaker 15 rinses off scale
adhering to the slab using waterjets. Now de-scaled the slab may then be
pre-reduced. In the figure a mill stand 16 is chosen for this. After
pre-reduction the slab Is cooled by means of the cooling installation 17
and then homogenized in temperature in the homogenizing fur- nace 18. After
the homogenizing furnace the slab has a temperature in the range of between
[err] and [err] the actual temperature being dependent on the desired
r-value in combination with the production speed of 10  the continuous
casting machine. The homogenized slab is then taken into mill stands 19 and
20. Two four-high mill stands may for instance be chosen for this. Care Is
taken that the rolling temperature at the mill stands 19 and 20 does not
lie In the vicinity of [err] being the temperature above which the
recrystallisation process of steel begins. If the rolling temperature in
the mill stands 19 and 20 does lie above [err], recrystallisation takes
place between the mill 15  stands 19 and 20. The steel sheet 21 emerging
from the roll 20 is then cooled by means of cooling installation 22 to a
temperature at which no more recrystallisation takes place during rolling.
Next the cooled steel sheet 21 is further rolled out by rolls 23 and 24
into a strip 25 with a final thickness of between 0.5 mm and 1.5 mm. After
the final roll stand 24 of the hot rolling, the strip speed is less than
1000 m/min. At least one of the roll stands 19,20,23,24 effects a reduction
of over 30%. The strip 25 is taken through a heating apparatus 26 for 20
recrystallisation annealing to obtain a desired r-value or for another heat
treatment A cooling installation 27 Is positioned after the heating
apparatus 26 for cooling the strip 25. The cooling Installation 27 has
sufficient capacity to cool down the strip 25 so fast that the strip
obtains a 'dual-phase' structure, the so-called 'dual- phase'; steel. A
second heating apparatus 28 is positioned after the cooling Installation
for 'overageing' and is followed by a cooling apparatus 29. A pickling line
30 follows the cooling apparatus 29 for the removal of 25  the oxide scale
from the strip. A re-roller 31 is available for giving the strip an extra
reduction of between 0. 1% and 10%. An electrochemical cell 32 may be used
for putting a coating layer onto the strip. The coating layer may be for
example, a zinc layer, a chromium layer or an oil film. A coiling apparatus
33 is positioned after the electrochemical cell for coiling the finished
strip. Using a shearing machine 34 the strip may be cut off to a desired
length. 30 Claims 1.  Method for the manufacture of formable steel in the
form of a strip with a final thickness of between 0.5 35      and 1.5 mm in
which, In a number of continuous successive process stages, molten steel is
continuously cast into a slab of less than 100 mm thickness and the slab is
rolled into the strip, the slab is cooled down to a rolling hot temperature
of between [err] and a temperature [err] at which at least 75% of the
material is converted into ferrite, in that the hot rolling of the slab
into strip comprises at least one reduction stage with a thickness
reduction of over 30% and has an exit speed after the hot rolling of less
than 1000 m/min, 40      and in that after recrystallisation the strip is
coiled, wherein [err]= (910-890)x(%C) [err]. 2. Method In accordance with
Claim 1, wherein the strip exit speed after the rolling is less than 750
m/min. 3.  Method in accordance with Claim 1 or Claim 2, wherein the hot
rolling comprises a plurality of reduction 45      stages and Is carried
out partly in a temperature range in which between two successive reduction
stages the steel largely recrystallises and partly in a temperature range
in which between two successive reduo- tion stages the steel substantially
does not recrystalilse. 



4.  Method in accordance with any one of Claims 1 to 3, wherein before
being coiled the strip is annealed for at least 0.1 seconds at a
temperature of between [err] and [err] to achieve said recrystallization.
5. Method in accordance with Claim 4, wherein before being coiled the strip
is annealed for a period from 5 to 60 seconds at a temperature of between
[err] and [err]. 6.  Method in accordance with Claim 4 or Claim 5, wherein
immediately after annealing, the strip is brought 55      to a temperature
below [err]. 7.  Method in accordance with Claim 6, wherein immediately
after annealing the strip is brought to a tem- perature of between [err]
and [err] and then coiled. 6 *   C   L   M   S   *    EP 0 370 575 B1 8.
Method in accordance with Claim 6, wherein immediately after annealing the
strip is brought to a tem- perature below [err]. 9.  Method in accordance
with Claim 6, wherein immediately after annealing the strip is brought to a
tem- 5       perature below [err]. 10. Method In accordance with any one of
the preceding Claims, wherein the strip is pickled. 11. Method in
accordance with any one of the preceding Claims, wherein after the
recrystallization the strip Is re-rolled with a re-rolling reduction of
between 0.1% and 10%. 12. Method in accordance with any one of the
preceding Claims, wherein the strip is provided with a coating layer. 13.
Method In accordance with any one of the preceding Claims, wherein after
the hot rolling, the strip is heat- 15      edforrecrystalllzation to
atemperatureof between [err] and [err] and then ata cooling rate of between
[err]/sec and [err]/sec is cooled down to a temperature of less than [err].
14. Method in accordance with any one of the preceding Claims, wherein
before hot rolling the slab is cooled to a temperature of between [err] and
a temperature at which at least 90% of the material converts to 20
ferrite. 15. Method in accordance with any one of the preceding Claims,
wherein the slab is pre-reduced before being cooled down to the hot rolling
temperature. 25  16. Method in accordance with one of the preceding claims
comprising the step of temporary storage of the continuously cast steel.
17. Method In accordance with claim 16 wherein the slab, whether prereduced
or not, is stored temporary In a so-called coil-box. 30 Patentansprfche 1.
Verfahren zur Herstellung von verfbrinbarem Stahl in Form eanes Bandes mit
elner Enddicke von zwi- schen 0,5 und 1,5 mm, bel dem in einerAnzahl von
kontinuierlich aufelnanderfolgenden Abschnitten ge- schmolzener Stahl
kontinulerlich zu elner Walzplatte von weniger als 100 mm Dicke gegossen
wird und die Walzplatte zu dem Band gewalzt wird, die Walzplatte auf eine
Warmwalztemperatur von zwIschen 300C und elner Temperatur Tt, bei der
mindestens 75 % des Materials In Ferrit umgewandelt sind, her-
untergekfihit wird, das Warmwalzen der Walzplatte in ein Band mindestens
enen Reduktionsabschnitt mit elner Dickenreduktion von fiber 30 % aufweist
und eine Endgeschwindigkelt nach dem Warmwalzen 40 von weniger als 1000
m/min hat und bei dem das Band nach der Rekrlstallisation aufgerollt wird,
wobei Tt rC]=(91 0-890) x (% C) [C] ist. 2.  VerFahren nach Anspruch 1, be!
dam die Bandausgangsgeschwindigkeit nach dem Walzen geringer als 750 m/min
ist. 45 3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzelchnet, dall
das Walzen eine Mehrzahl von Reduktionsabschnitten aufwelst und teOl- weise
in einem Temperaturbereich ausgefhfirt wird, In dem zwischen zwei
aufeinanderfolgenden Reduk- tionsabschnitten der Stahl zu einem grolen Teil
rekristallisiert und teilweise in einem Temperaturbereich 50
ausgefulhrt wird, in dem zwischen zwei Reduktionsabschnltten der Stahl Im
Prinzip nicht rekristallisiert. 4. Verfahren nach einem der Ansprfiche I
bis 3, dadurch gekennzeichnet, dal3 das Band fOr mindestens 0.1 Sekunden
bel elner Temperatur von zwischen 6000C und 9000C gegluht wird. 



.55 5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB das Band far
aine Zeltdauer von 5 bls 60 Sekunden bei eaner Temperatur von zwischen
7000C und 85000 geglrlht wird. 7 f :S
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Verfahren nach Anspruch 4 oder 5, dadurch gekennzeichnet, daS das Bend
direkt nach dem GlWhen auf sine Temperatur unterhalb von 4500C gebracht
wird. 5   7. Verfahren nach Anspruch 6, dadurch gekennzeiohnet, daB das
Band auf sine Temperatur von zwischen 450C und 300C gebracht und dann
aufgerollt wird. 8. Verfahren nach Anspruch 6, 10      dadurch
gokennzeichnet, daildas Band direkt nach dem Gliahen auf eine
Temperaturunterhalb von 1500C gebracht wird. 9. Verfahren nach Anspruch 6,
dadurch gekennzelchnet, daB das Band direkt nach dem Giihen auf sine
Temperatur unterhalb von 800C 15      gebracht wird. 10. Verfahren nach
elnem der vorangehenden Anspriiche, dadurch gekennzeichnet, daB das Band
gebeizt wird. 11. Verfahren nach elnem der vorangehenden AnsprOche, 20
dadurch gekennzelchnet, daB das Band nach der Rekristaliisation mit elner
Nachwalzreduktlon von zwl- schen 0,1 % bis 10 % nachgewalzt wird. 12.
Verfahren nach elnem der vorangehenden Anspruche, dadurch gekennzeichnet,
daB das Band mit einer Oberzugsschicht versehen wird. 25 13. Verfahren nach
elnem der vorangehenden Ansprflche, dadurch gekennzeichnet, daB das Band
nach dem Warmwalzen zur Rekristallisation auf sine Temperatur zwlschen 750C
und 8500C erwarmt und dann mit einer KuIhIgeschwindigkeit von zwischen
100C/s und 1 0000C/s auf sine Temperatur unterhalb von 4500C abgekrlhit
wird. 30 14. Verfahren nach einem der vorangehenden Anspruche, dadurch
gskennzeichnet, daB die Walzplatte vor dem Warmwalzen auf sine Temperatur
zwischen 300C und elner Temperatur, bel der sich mindestens 90 % des
Materials In Ferrit umwandelt, abgekflhIt wird. 15 Verfahren nach einem der
vorangehenden Ansprilche, dadurch gekennzeichnet, daS die Wakzplatte vor
dem AbkOhlen auf die Warmwalztemperaturvorreduziert wird. 16. Verfahren
nach einem der vorangehenden Ansprtche, gekennzelchnet durch den Schritt
einer zeitweisen Speicherung des kontinuierlich gegossenen Stable. 40 17.
Verfahren nach Anspruch 16, dadurch gekennzeichnet, daB die Walzplatte, ob
sie vorreduziert !st oder nicht, zeitwelse in sinem soge- nannten
Spulenkasten gespeichert wird. 45 Rovendications 1. Proc6d6 de fabrication
d'acier susceptible d'Otre form6 sous la forms d'un feuillard dontl
epaisseurfinale est comprise entre 0,5 et 1,5 mm, dane isquel, au cours de
certain nombre d etapes de fabrication suo- S0      cessives et continues,
de i'acier en fusion est couih en continu pour former un brame d'une
epaisseur Inferieure A 100 mm et le brame est IamIn6 pour former le
feulliard, le brame eat refroidi jusqu'a uns tem- p6rature de laminage a
chaud comprise entre 3000C et une temperature Tt A laquelle au moins 75% de
la matibre sont transform6s en ferrite, le laminage a chaud du brame pour
former le feullard comprend au mains une etape comportant une r6duction de
l'epalsseur de plus de 30%, le feulilard so deplace b 85      une vitesse
de sortie apres le laminage a chaud inf6rieure A 1000 mfminutb et, apres
recrlstallisation, le feuillard est enrouIl, dans lequsl Tt rCi = (910 -
890) x (%C) rC]. 



2. Proc6de selon la revendication i, dans lequel la vitesse de sortie du
feulliard apres laminags est inferieure 8 I11111111 111111111i!11111 111
1111 *  C   L  M   S  *    EP 0370575 B1 A 750 m/minute. 3.  Proce6 solon
la revendication I ou la revendication 2, dans loquel l laminage A chaud
comprend une pluralite d'6tapes de r6duction et est. effectu6 en partie A
I'interieur dune gsamme de temp6ratures dans s       laquelle, entre deux
btapes de reduction successives, I so produit une recristallisation
importanto de I'acler, et en partle A l'lnterieur d'une gamme de
temnperatures dans laquelle, entre deux etapes de reduc- tion sucoessives,
II ne se produit pas de recristallisation sensible de l'acler. 4. Proc6d6
solon lune quelconque des revendlcations I A 3, dans lequel, avant d'etre
enroule, Io feuillard est recuit pendant au moins 0,1 secondo A une
temp~rature comprise entre 6000C et 900C afin d'obtenir ladite
recristallisatlon. 5.  Procedi selon la revendication 4, dans lequel, avant
d'etre enroule, le feullard est recult pendant une pe- node allant de 5 A
60 secondes A une temperature comprise entre 7000C et 850C. 16  6. Procedd
selon la revendlcation 4 ou la revendlcation 5, dans lequel, lmmdidatement
apreIsle recult, le feulilard eat porte A une temperature Inferieure A
450C. 7. Proced6 solon la revendicatbon 6, dans lequel, immodiatement apres
le recuit, le feulilard eat porte A une temperature comprise entre 450C et
300C, puis enroul6. 20 8.  Procede selon la revendication 6, dans lequel,
immediatoment apres le recult, le feuillard est porte a une temperature
Inferleure A 150C. 9.  Proc6de selon la revendication 6, dans lequel,
Immbdiatement sprie -le recult, le feuillard est porte a une 2
btemperature inferleure A 80C. 10. Procede solon lNune quelconque des
revendications pr6cedentos, dans lequel Is feuillard subit un deca- page.
90  11. Proced6selon l une quelconque des revendicatlons precbdentes, dans
lequol apres recristallisatbn, o feulilard eot re-laminA, la reduction de
re-laminage etmnt comprise entre 0,1% et 10%. 12. Procdde selon l'une
quelconque des revendicatlons precedentes, dans lequel le feuillard est
dote d'une couche de revtement. 35  13. Procede selon l'une quelconque des
revendications precedentes, dans lequel, aprbs le laminage a chaud, le
feuillard ost chauffe en vue de so recristalllsatlon Jusqu'a une
temperature comprise entre 750C et 850C, puls, A une vitosse de
refroldissement comprise entre 100C/seconde et 1000OC/seconde, iI est
refroidl jusqu'A une temp~rature Inferleure A 450C. 40  14. Procede solon
l'une quelconque des revendications precedentbs, dans lequel, avant Is
laminage A chaud; le brame et refroldi jusqu' bune temp6rature comprise
entre 300C ot une tmperature a laquelle au molns 90% de la matlAre se
transforment en ferrite. 15. Procede solon l une quelconque des
revendications precedentes, dans loquel le brame est pr6-reduit 45
avant d'etre refroldl Jusqu'A la temperature de laminage A chaud. 16.
Procede solon l'une quelconque des revendications precedentes comprenant
une etape de stockage tem- .4      poraire de l acler coul6 en continu. 17.
Procede selon la revendlcation 16, dans lequel le brame, qu'il soit
pre-reduit ou non, eat stockA tempo- ralrement dons une botte dite
d'enroulement. 55 9 1 I!IIIIJ 111111111111111111 1111    


