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(57) Abstract: A process for manufacturing steel long products provides for starting from a continuous casting step (1) with liquid
core reduction, followed by induction heating (2) without interruption until the end of a rolling step (4) in a plurality of stands. The
blooms or billets (10) subjected to such a process have initial thickness in the range between 120 and 400 mm and a high "mass
flow" passing in the time unit at the outlet from the continuous casting, as well as an average temperature in the cross-section which
is higher than the surface temperature, being in the core or inner middle region higher by 100°C than on the surface, that is of about

1200°C. A plant for carrying out such a process is also described.
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“PROCESS AND RELATED PLANT FOR MANUFACTURING STEEL LONG
PRODUCTS WITHOUT INTERRUPTION”

The present invention relates' to a process and felated plant for
manufacturing the so-called “long” steel products (such as bafs, wire, angle irons,
beams and rails) without interruption from the continuous casting to the last
rolling stand.

1t is known to adopt for this type of production a continuous casting system
with one or more lines for manufactunng blooms or billets which, poss1b1y when
still hot, feed a rolling mill with a number of stands adequate to the cross-section
size of the final product. The finishing rolling can be obtained either by rolling a
single billet at a time, or providing a continuous or endless line upon welding
together the billet in head-tail succession upstream of the rolling mill. Also other
methods are known to 6btain an endless production, such as those disclosed in the
patent EP 0761327 and in the international publication WO 00/71272, wherein the
product from continuous casting is subjected to a temperature homogenization or
equalization step throughout its cross-section, than heated and finally rolled in
line.

A common feature to all the plants of this type according to the prior art is
that the product from the continuous casting (bloom, billet, round bar etc.)
undergoes a process of complete homogenization of temperature, in particular
throughout the cross-section from the outer surface to the core before being rolled.
A complete homogeneity/equalization of temperature between surface and core of
the product has been deemed in the' past to bring the advantage of a homogeneous
elongation of the fibres which, having substantially all the same temperature,
would show the same resistance to deformation. '

On the contrary a constant technical prejudice has always been that a
temperature difference between surface and core of the product would involve a
non-homogeneous elongation, such as to affect the quality of the final product.

Still according to the prior art, at least two distinct rolling steps have been

deemed to be necessary to obtain the final product, i.e. a first roughing step and a
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second finishing step, distinct from each other so that the bar to be processed is
free from pinching along the whole pass between the two rolling steps.

Therefore the object of the present invention is that of rolling a bloom/billet
to obtain steel long products through the greatest possible reduction with the
minimun;i separating strength in favour of the process economy in terms of both
lower investment, by employing a total power of the stands lower than that
necessary according to the prior art, and of lower power consumption for an
identical cross-section size of the final product.

It has been found that, by overcoming a common prejudice of the prior art,
as above indicated, these objects can be obtained by placing the rolling mill
immediately downstream of the continuous casting, contrary to what has been
believed so fér. In.this way we have a very good solution because the bloom or
billet is rolled at an average temperature higher, even when the surface
temperature is less than 1200°C. With a temperature at the core of the cross-
section being higher by 100-200°C with respect to the éurface temperature, that is
of about 1200°C, the advantage is in fact obtained of increasing the average
rolling temperature withouf any problem of product quality and possibility of fire
cracks on the rolling cylinders. The increase of average .temperature as a
consequence of a higher temperature in the core region will allow a surface
temperature of less than 1200°C, thus avoiding the above-mentioned problems.

It has also been found that the advantageous effects of this type of rolling -
directly connected in line with the continuous casting, in other words adoptiﬁg the
so-called “cast rolling” process in this type of manufacturing, are made possible.
When the cast product:

— has a “mass flow”, i.e. the quantity of steel flowing in the time unit from the
continuous casting, that is sufficiently high and in particﬁlai‘ its speed at the
oﬁtlet of the céntinumis casting is > 3 m/min; -

— is subjected to a process of liquid core reduction (“soft reduction”), e.g.
according to the teachings of patent EP 0603330 in the name of the present
applicant, in order to ensure a so-called “sound center” of the cast product

before being rolled fully solidified, directly in line without interruptions; and
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— is made to pass along an induction furnace at the outlet of the continuous
casting for equalizing the temperature, not in depth but through the surface
layer only, especially to reduce cooling at the corners and to heat further the
cast product, whenever necessary, in function of the speed and type of the
cast steel.

The above-mentioned objects of the preseﬁt invention are achieved by means
of a process having the features of claim 1 and a plant the features of which are
recited in claim 7.

These and other objects, advantages and features of the present invention will
be clearer from the following detailed description of a preferred embodiment
thereof, given by weight of non-limiting example with reference to the annexed
drawings wherein:

Figure 1 schematically shows an example of plant according to the present
invention; ahd

Figure 2 shows the so-called “rolling schedule” with a profile of the material
at the outlet of each respective rolling stand of the plant of Figure 1.

With reference to Figure 1, an example of plant carrying out the process
according to the present invention is sﬁown starting from a bloom 10 leaving a
continuous casting zone schematically represented in its whole with 1 and
comprising, as is known, a mould, as well as suitable means to accomplish a
liquid core “soft reduction”. The bloom 10 leaves the continuous casting 1-with a
thickness comprising between 120 and 400 mm, e.g. 250 mm, at a speed of about
4 m/min, that means with a high “mass flow”. A |

Then it passes without interruption through an induction furnace 2 and a
descaler 3, still without solution of continuity, to the single rolling step carried out
with a finishing mill 4.

The finishing mill has beeﬁ represented here as consisting of nine rolling
stands M1-M9 to obtain as final products a round bar with a diameter of 70 mm,
as better shown in Figure 2.

" Tt should be noted that the distance between the outlet of continuous casting.1

and the rolling mill 4 will not be higher than about 30 m, in order to limit the
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temperature losses(of the bloom, thus bringing to the further advantage éf having
a more compact plant requiring a reduced space. In this way and thanks to the
induction furnace 2, the average temperature of the product will result to be higher
than the surface temperature with at least 100°C more at the core than on the outer
surface, where the temperature is of about 1200°C or less.

It will be noted that, by exploiting fhe above-mentioned greater mass flow,
higher reduction can be obtained, and consequently even more compact plants,
shorter than 30 m, by using either a planetary mill or a more powerful rolling
stand instead of the first (e.g. two or three) roughing stands. Therefore the total
number of stands éould decrease for example from nine, as it is shown in Figure
1, to a number as low as seven when the first three stands M1-M3 were replaced
by a single stand having three times as much power.

Additional induction heating furnaces (not shown)‘ between the rolling stands
4 and/or intermediate-cooling system 5 placed between to subs{equent stands can -
be further provided according to the casting speed and the type of steel to be
rolled.

Finally, with reference to Figure 2, a practical example of rolling schedule is
shown in which, starting from the initial profile of the bloom entering the rolling
mill 4, is represented the product profile at the outlet of each single rolling stand.
At each profile shown in Figure 2 there corresponds the cross-section of the
product at the outlet of respective stand M1-M9, when beginning with the initial
product No. 0 from the continuous casting, having each side of abouf 250 mm.
For each profile there are indicated the value A of the cross-section area; M that is
the reduction factor corresponding to (Ag-A; / Ag) x 100, wherein Ay is the cross-
section area at the inlet of the corresponding stand and A, is the cross-section area
at the outlet thereof; as well as the reduction ratio A = Ay/A;.

Thus it can be noted that with nine passes (but even with a lower number of
passes) and a reduced amount of the demanded power from a bloom with a side
size of 250 mm, a round bar with a diameter of 70 mm of excellent quality can be

obtained.
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‘ CLAIMS
1. A process for manufacturing steel long products (such as bars, wire,

angle irons, beams and rails) from a continuous casting step of blooms/billets

- having thickness comprised between 120 and 400 mm and high quantity of steel

“mass flow”, i.e. the quantity of steel flowing in the time unit at the outlet of
continuous casting, this step including a liquid core reduction and followed by an
induction heating step, without interruptions until the end of a rolling step in a
plurality of stands, characterized by the fact that when'entering the rolling step the
average temperature of the product is higher than the surface temperature and the
difference between the temperature in the core or middle immer region and the
surface temperature, which is of about 1200°C, is of at least 100°C.

2. A process according to claim 1, wherein a descaling sfep is provided

between said induction heating and the rolling step.

3. A process accbrding to claim 1 'or 2, wherein at least an additional
induction heating step is provided, intermediate between the rolling stands.

4. A process according to one of the preceding claim, wherein at least a
cooliné step is provided, intermediate between the rolling stands.

5. A plant for manufacturing steel long products (such as bars, wire,

.angle irons, beams ‘and rails) from blooms/billets having thickness comprised

between 120 and 400 mm from a continuous casting (1) with liquid core reduction
of the casting product (10), comprising an induction heating furnace 2) upsfream
of a finishing rolling mill (4) with a plurality of stands, to which said product (10)
is fed without intefruption, characterized by the fgct that at the inlet of the first
rolling stand the average temperature of the product is higher than the surface
temperature and in the cofe or inner middle région is of at least 100°C higher than
said surface temperature, which is of about 1200°C, the distance between outlet of
continuous casting (1) and rolling mill (4) being not greater than 30 m.

6. A plant according to claim 5, characterized by further comprising a
descaler (3) between induction furnace (2) and rolling mill (4).

7. A plant according to claim 5 or 6, characterized by the fact of further

comprising at least an additional induction heating furnace intermediate between
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rolling stands (4).
8. A plant according to any of claims 5-7, characterized by further

comprising intermediate cooling means (5, 5°) between the rolling stands (4).
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