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(57)  Inacontinuous-casting plant which uses a tank
(1) made of refractory material set on top of the crystal-
lizer (9) for removing the meniscus and the supernatant
layer (7) of covering powders from the solidification ar-
ea, around the said tank there are electromagnetic
means (5, 6) designed to generate variable magnetic

Process and device for the continuous casting of metals

fields for slowing down and making uniform the disor-
dered flow of liquid metal inside the said tank, whilst at
the joint between the tank and the crystallizer, other
electromagnetic means (11) are set which are designed
to generate a direct magnetic field so as to remove lo-
cally the liquid metal from the walls of the tank (1) and
of the crystallizer (9).
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Description
Field of invention

[0001] The present invention refers to a process for
improving the quality of continuously cast metallic bod-
ies and to the corresponding implementation device.
More precisely, it refers to an essentially electromagnet-
ic process and to the corresponding implementation de-
vice, which may be used in continuous-casting plants
for casting billets, blooms and slabs, for improving the
surface and internal quality of the cast product, when a
tank made of refractory material is set upstream of the
crystallizer.

State of the art

[0002] Continuous casting is a technique extensively
used in the production of metallic bodies having various
shapes and sizes (blooms, slabs, and billets), which has
reached a high level of efficiency, both in terms of relia-
bility of the plants and systems and in terms of quality
of the products obtained, which is generally satisfactory.
[0003] However, in the casting process, certain
events may occur which damage the surface and inter-
nal quality of the cast products and/or lead to disastrous
leakage of liquid metal from the solidified shell. For ex-
ample, (i) especially in the presence of marked fluctua-
tions in the level of the meniscus, non-metallic particles
coming from the tundish and from the covering powders
may be drawn to the interface between the liquid metal
and the crystallizer, and here be englobed in the solidi-
fying metal, thus causing defects, such as internal inclu-
sions; (ii) lack of uniformity in rate of flow of the liquid
metal in the crystallizer may cause a nonuniform solid-
ification accompanied by possible tearing of the shell
that is forming, in particular on account of the high rates
of casting, at which the said shell is thinner, and/or by
cracks on the surface or within the slab; (iii) disturbance
of the stability of the meniscus may cause poor lubrica-
tion, which leads to the solidifying metal to stick to cer-
tain points of the walls of the crystallizer, so increasing
the likelihood of causing tearing of the shell and/or de-
fects in its surface; (iv) the longitudinal oscillation of the
crystallizer, which is necessary to prevent the solidifying
metal from sticking to the walls of the crystallizer and to
facilitate penetration of particular lubricants between the
crystallizer and the solidifying shell, may, in the pres-
ence of a disturbed meniscus, bring about deep and ir-
regular markings on the surface of the skin due to oscil-
lation.

[0004] These are just a few of the problems that can
crop up; they are of considerable importance both as
regards the quality of the cast product obtained and as
regards the maximum productivity achievable, as well
as for the cost of the subsequent transformation of the
cast product and for the quality of the finished products.
[0005] In fact, precisely in view of the possible defec-
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tiveness of the slabs, it is necessary to inspect them and
possibly subject them to surface-conditioning treat-
ments. Frequently such operations cannot be carried
out with the slabs hot, and the cast product must be
cooled down in specifically designed areas of the plant,
undergo surface inspection, be conditioned, and finally
be brought back up to a high temperature (1200 - 1400
°C) for it to be further processed, for example, hot rolled.
Clearly, all this results in an increase in production costs
and/or in a poorer quality of the end product.

[0006] Numerous solutions have been proposed to
overcome such drawbacks. For example, it is known
that the use of particular powders, referred to as "cov-
ering powders", for limiting oxidation of the molten bath
and for lubricating the interface between the solidifying
metal and the walls of the crystallizer in a more stable
way, produces positive effects on the surface and inter-
nal quality of the cast product.

[0007] By using particular discharging devices be-
tween the tundish and the crystallizer it is possible to
control the flow of the liquid metal entering the crystal-
lizer, so as to reduce the non-metallic inclusions in the
product and favour flotation of the surface gases, reduce
disturbance of the meniscus, where the initial solidifica-
tion occurs, and avoid direct "hot" flows of molten metal,
which could lead to the partial remelting of some areas
of the shell that is forming.

[0008] Optimization of the longitudinal oscillations
(frequency and amplitude, nonsinusoidal waveforms of
the oscillation) considerably reduces the presence of
markings due to oscillation.

[0009] Attempts to improve the fluid-dynamic condi-
tions in the crystallizer refer to the use of particular
"tanks" made of refractory material and set immediately
upstream of the crystallizer with the purpose of remov-
ing the meniscus of the liquid metal from the area of start
of solidification, thus limiting the possibility of drawing
particles of refractory material or scale into the solidify-
ing metal, and favouring uniformity of the rates of
processing, of lubrication and of heat exchange be-
tween the cast product and the crystallizer, especially in
the area of initial solidification.

[0010] The above technique, albeit interesting, poses
further problems. In fact, the area of joining between the
refractory material of the walls of the "tank" and the con-
tiguous edge of the cooled metal crystallizer, referred to
as "triple point", proves very delicate both on account of
the possible desegregation of the refractory material
due to the sharp thermal jump between the latter and
the cooled crystallizer, and because the molten metal
tends to start solidifying precisely at the said joining
point, with a high likelihood of adhesion to the refractory
material and corresponding problems of formation of
surface defects in the bodies produced, or, worse still,
of catastrophic tearing of the skin and consequent leak-
age of the liquid metal, which may cause damage to the
casting machine and the stoppage of operations.
[0011] The use of a gas, such as nitrogen or argon,
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or of solid lubricants (see, for instance, the US patents
Nos. 5 027 887, 5 045 276, and 4 130 423), injected at
the said joint to form a protective layer has not yielded
particularly encouraging results, essentially because
the liquid metal, which is considerably heavier than the
lubricant and the gas, frequently manages to tear the
protective layer and to come into contact even so with
the walls of the "tank" that are made of refractory mate-
rial. It is also difficult, in such conditions, to control the
uniformity of distribution of the pressure of the gases,
which gives rise to cavities on the surface due to insta-
bility, or else to the formation of pin holes on the surface
caused by the gas being englobed in the solidifying met-
al. In addition, the use of gas in solution does not enable
the introduction of lubricating material between the so-
lidifying shell and the crystallizer.

[0012] The US patents Nos. 5494 095 and 5 379 828
propose to set, between the "tank" made of refractory
material and the crystallizer, an insert consisting of a
material having a thermal and electrical conductivity
lower than that of the material of which the crystallizer
is built, so that the molten metal will start to solidify at
the insert itself. The joint between this and the refractory
material of the tank is heated by means of an alternating
electromagnetic field.

[0013] A similar solution, but without heating of the
joint between the refractory material and the intermedi-
ate insert is proposed by the US patent No. 4 773 469.
[0014] Incontinuous casting, in particular of thin slabs
(i.e., just a few centimetres thick) or of strip (just a few
millimetres thick), it has been proposed to use electro-
magnetic fields in order to obtain confinement of the
molten metal (see, for example, the US patents Nos. 4
353 408 and 5 513 629).

[0015] Up to now, to the knowledge of the present in-
ventors, in connection with machines for continuous
casting which include a tank made of refractory material
that is directly connected to the cooled metal crystallizer
and is set immediately upstream of the latter, systems
using electromagnetic fields for rendering the flow of the
liquid metal uniform, prior to its entry into the cooled
crystallizer, and for preventing solidification of the metal
at the joint between the tank and the crystallizer have
not been proposed.

Summary

[0016] The aim of the present invention is to over-
come the drawbacks discussed above, improving the
surface quality of the continuously cast product, making
possible a quality cast at higher speeds and hence ob-
taining a bigger output, by rendering the flow and the
temperature of the liquid metal in the said tank uniform,
preventing adhesion of the solidifying metal at the joint
between the tank and the cooled crystallizer, thus re-
ducing the depth of the markings due to oscillation in the
longitudinal direction of the crystallizer and possibly get-
ting rid of them altogether.
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[0017] The process according to the presentinvention
uses a tank made of refractory material (set on top of a
crystallizer), into which, by means of a special discharg-
ing device, liquid metal is poured continuously, the said
liquid metal moving with disordered motion towards the
crystallizer, and in the latter starting to solidify at a point
corresponding to the joining area (i.e., the aforesaid "tri-
ple point") between the tank and the crystallizer, forming
a so-called "skin" on the cast body, the skin being con-
tinuously extracted from the crystallizer, the said tank
having the purpose of removing, from the area of start
of solidification, the free surface of the metal, the super-
natant scale and the area of molten metal having per-
turbed flow as a result of the continuous addition of met-
al. The aforesaid process is characterized by the com-
bination, in a relationship of co-operation, of a first action
of slowing down and rendering regular the disordered
motion of the liquid metal, the said action being imple-
mented in the tank, and of a second action of detach-
ment of the liquid metal at the said triple point, the said
detachment of the liquid metal being possibly accompa-
nied also by the detachment of the said skin from the
walls of the crystallizer. The said first action of slowing
down and of rendering uniform the motion is achieved
by electromagnetic fields which are periodically inter-
rupted and modified in direction and intensity, the said
electromagnetic fields being generated by an induction
system made up of a first continuous core, set around
the tank and equipped with at least four poles arranged
at regular intervals all around the tank, and of windings
arranged around each pole, the said poles being ener-
gised in a pre-defined order (for example, simultaneous-
ly but with different intensity and sign, as illustrated in
Figure 3) for a given period of time At, and with a time
interval between two consecutive energising corre-
sponding to 0.1-0.2 At. The current value used will
range, as shall be seen in what follows, from 1 kA to 200
kA. The currents are considered positive when the mag-
netic field generated is directed towards the liquid metal.
[0018] Such a scheme of energising of the poles of
the induction system generates electromotive forces
which induce, in the liquid metal, appropriate action of
rendering the motion of the fluid threads of the metal
itself uniform and of slowing them down, so limiting the
hydrodynamic disturbance caused both by immission of
the steel and by the action of the electromagnetic sys-
tem at the triple point, which will be described hereinaf-
ter.

[0019] The second action of detachment of the liquid
metal from the triple point is achieved by means a pul-
sating magnetic field, which is generated by a second
induction coil consisting of a plurality of turns inserted
into a second magnetic core which completely sur-
rounds the crystallizer and is generally electrically insu-
lated from the external environment. The second induc-
tion coil is activated by means of a pulse current, having
an intensity of between 5 kA and 200 kA, preferably be-
tween 30 kA and 200 kA, with pulses having a duration
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of between 50 us and 500 us, preferably between 100
us and 200 us, and a frequency of between 2 Hz and
150 Hz. preferably between 10 Hz and 100 Hz The mag-
petic field thus produced generates electromagnetic
forces directed towards the liquid metal, which in turn
cause detachment of the latter from the walls of the tank-
crystallizer ensemble, thus creating a stable cavity be-
tween the surface of the liquid metal and the said walls.
[0020] The second induction coil can be set between
the tank and the crystallizer, and in this way it directly
faces onto the area in which the liquid metal is con-
tained. In this case, the second induction coil must be
appropriately protected by means of cooling, or else it
can be set outside the crystallizer.

[0021] The process according to the presentinvention
also envisages the possibility of carrying out a distribu-
tion of lubricant at the aforesaid triple point, with the pur-
pose of favouring sliding of the skin being formed
against the walls of the crystallizer. This distribution of
lubricant may be omitted if means for favouring detach-
ment of the solidifying skin from the crystallizer walls are
used. Preferred means for this purpose are exciters of
an electrodynamic, pneumatic, magnetostrictive, or pi-
ezoelectric type, etc., applied outside the crystallizer,
with at least one on each wall, to make the crystallizer
vibrate both transversally and longitudinally, in order to
reduce friction between the solidified skin and the walls
of the crystallizer.

[0022] The process according to the presentinvention
also envisages the possibility of using a lubricant with
ferromagnetic properties, preferably consisting of a mix-
ture of ferromagnetic particles, sized smaller than 100
um, in quantities of between 5 wt% and 25 wt%, and the
usual powdered oxides and/or oils of the type commonly
used in continuous casting.

[0023] In use, at the triple point, the part of lubricant
that is in contact with the internal walls of the tank and
of the crystallizer, and possibly with the second induc-
tion coil, assumes a relatively low temperature, main-
taining a permeability higher than unity. In this way, the
magnetic field produced by the second induction coil
keeps the lubricant in contact with the induction coil it-
self, if the latter is facing towards the inside of the tank-
crystallizer ensemble, and in contact with the said inter-
nal walls. In addition, the presence of ferromagnetic par-
ticles in the lubricant ensures that on the surface of the
liquid metal in contact with the lubricant itself there are
electromagnetic forces which are considerably higher,
for example 80 to 100 times higher, than those obtain-
able in the absence of the said ferromagnetic particles.
[0024] The above-mentioned forces are appropriately
directed towards the liquid metal and prevent the liquid
metal, which is much denser than the lubricant, from
breaking the layer of lubricant, and hence from coming
into contact with the walls of the tank and of the crystal-
lizer.
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Brief Description of the Drawings

[0025] For clarity of exposition, first of all the device
according to the invention will be described with refer-
ence to an embodiment thereof which is presented
merely to provide a non-limiting example and illustration
of the purposes and of the scope of the presentinvention
and which is represented in the attached plates of draw-
ings, where:

Fig. 1 is a schematic cross sectional view of the de-
vice according to the invention;

Fig. 2 is a schematic representation of the arrange-
ment of the turns in an electromagnetic system for
rendering the flow of molten metal uniform;

Fig. 3 is a representation of one operating mode of
the system shown schematically in Fig. 2;

Fig. 4 is a schematic representation of the effect that
the use according to the present invention of the
electromagnetic system of Fig. 2 according to the
operating mode illustrated in Fig. 3 has on the cir-
culation of the molten metal in the tank, and hence
on the uniformity of the flow of the metal itself;

Fig. 5a is a partial schematic representation of the
joining area between the tank made of refractory
material and the cooled metal crystallizer, in the
case where electromagnetic means are used for
generating the forces necessary for detachment of
the molten metal from the tank-crystallizer ensem-
ble;

Fig. 5b is an enlargement of the joining area of Fig.
5a;

Fig. 6 is a partial schematic view of the joining area
between the tank made of refractory material and
the cooled metal crystallizer, in which the induction
coil is set outside the crystallizer;

Fig. 7 represents a view of a cross section accord-
ing to A-A of Fig. 6;

Fig. 8 represents a view of a cross section accord-
ing to B-B of Fig. 7;

Fig. 9 represents a variant of the solution illustrated
in Fig. 6, in which the use of lubricants is avoided
by adopting mechanical means designed to reduce
friction between the shell being formed and the
walls of the crystallizer; and

Fig. 10 represents a further variant of the solution
of Fig. 6.

Detailed Description of the Invention

[0026] The device according to the present invention
comprises a container 1, referred to as "tank", made of
refractory material, possibly tapered towards the bot-
tom, for example as represented in Fig. 1, set on top of
a metal crystallizer 9 which is cooled by means of a cool-
ing system 10 of its own with forced water circulation. In
a first embodiment of the invention, between the tank 1
and the crystallizer 9 is set an induction coil 11 (the outer
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surfaces of which are coated with a deposited oxide lay-
er having an appropriate thickness, to guarantee elec-
trical insulation) comprising a lubricant injection system
24. The tapered part of the container 1 is surrounded by
a magnetic core 6 equipped with four poles 4, each of
which is provided with a cooled gap 8 and with a winding
5.

[0027] The induction coil 11 is made up of a plurality
of turns, which are made of a material having high elec-
trical and thermal conductivity and are inserted in a mag-
netic core 16, the said induction coil 11 being equipped
with water-cooling means 12 and having inside it a plu-
rality of ducts 14, which are set on one and the same
plane and are fed by means of manifolds 13 with a lu-
bricating material which is injected by means of a posi-
tive-displacement pump system (not shown) at the joint
between the container 1 and the crystallizer 9, the said
crystallizer 9 carrying, at its initial part where it is in con-
tact with the tank 1, high-permeability inserts 15 (Figs.
5a and 5b), which are designed to concentrate the mag-
netic flux and are provided, on their working surfaces
that are in contact with the liquid metal 2, with a coating
layer 21 (Figs. 5a and 5b) deposited, for example, by
laser-welding surface-treatment techniques, with the
purpose of electrically insulating the crystallizer from the
liquid metal 2.

[0028] According to a variant embodiment of the in-
vention, represented in Figures 6-8, the induction coil
11 is not set in contact with the liquid metal, but outside
the crystallizer (electrically insulated in an appropriate
way from the latter), which is in turn connected to the
tank by means of a joint made, in this case, preferably,
by providing the outer walls of the part of the tank in
contact with the crystallizer with a generically ogival or
parabolic profile, the said outer walls being set in a hous-
ing having a specular profile, which is made in the top
part of the crystallizer, as represented, for instance, in
Fig. 6. In this embodiment, the crystallizer presents,
within its walls, a system of channels 10b, for circulation
of the cooling water, which may be connected to chan-
nels 10c for enabling cooling also of the induction coil
11. A series of slots 28, as shown in Figure 8, is prefer-
ably made in the top part of the crystallizer in order to
favour, together with the special shape of the said top
part described previously, passage and concentration
of the electromagnetic forces 19 at the triple point, thus
enabling a cavity 23 to be obtained having satisfactory
dimensions and high stability. Lubricant can be sup-
plied, in this case, by way of the bottom part 14b of the
said slots 28, which are filled, for the rest of their length,
with refractory material, or in any case electrically insu-
lating material.

[0029] A further embodiment of the present invention,
which enables elimination of the use of lubricant, in-
volves the use of a plurality of mechanical exciters 30,
of a pneumatic, electromechanical, piezoelectric, or
magnetostrictive type, etc., which are applied outside
the crystallizer, as illustrated in Figure 9, at least one on
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each wall of the crystallizer, to induce, in the latter, vi-
brations in the transverse and longitudinal directions
with the purpose of promoting and maintaining detach-
ment of the solidified skin from the walls of the crystal-
lizer, thus reducing friction between the skin and the
walls. The frequencies of the exciters are preferably the
resonance frequencies of the crystallizer-cast product
system, in order to limit the power applied. The said fre-
quencies generically depend upon the shape of the cast
body, the geometry of the crystallizer, and the tempera-
tures reached on the latter. To provide an indication,
such frequencies may range between 100 Hz and
25000 Hz.

[0030] Finally, inthe case where crystallizers are used
that are made up of a plurality of plates or vertical seg-
ments mounted in such a way that they are electrically
insulated from one another, coils 31 can be used, which
are shown in Figure 10, each of which is equipped with
a cooling system, for example an internal cooling sys-
tem 32, and with an insulation system, with respect to
the crystallizer 9, around which they are mounted. The
said coils are supplied with a pulse current having an
intensity of between 5 kA and 200 kA, preferably of be-
tween 30 kA and 100 kA, a pulse duration of between
50 us and 500 s, preferably of between 100 us and 200
us, and a frequency of between 2 Hz and 150 Hz, pref-
erably of between 10 Hz and 100 Hz. In this way, elec-
tromagnetic forces 19b are induced on the solidified skin
20, which make it possible to detach the skin that has
just formed from the walls of the crystallizer, thus reduc-
ing friction and facilitating passage of the lubricant.
[0031] In operation, the tank 1-crystallizer 9 system,
which is initially closed at the bottom by a dummy bar,
is filled with molten metal by means of a discharging de-
vice 3. The liquid metal is protected from oxidation by
means of a floating layer 7 of powders and scale, or else
by the creation of an inert atmosphere of argon. The
poles 4 of the core 6 are energised in a particular order,
for instance, as in Figure 3, by means of open-closed
actuation of the corresponding power supplies, not
shown in the Figures, in direct current for the windings
5. The working diagram is given in Fig. 3, in which I,
Ig; lc, Ip, indicate the currents in the four windings 5,
which are considered positive when the magnetic field
generated is directed towards the liquid metal, and At
indicates the duration of the current pulse. Two consec-
utive pulses are separated by a time interval corre-
sponding to 0.1-0.2 At.

[0032] The molten metal 2 fed into the tank 1 by the
discharging device 3 does not have a regular motion,
and this causes lack of uniformity of temperature and
the possibility of formation of non-metallic inclusions,
such as fragments of scale or of refractory material, be-
ing drawn inside the molten bath and as far as the start-
of-solidification area. Activation of the windings 5 with
DC pulses causes the formation of magnetic fields, the
flux lines of which are indicated by continuous lines, for
example in Fig. 4, in the case of casting of billets/
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blooms. In this way, electromagnetic forces are gener-
ated according to well-known modalities, and a motion,
represented by dotted lines, is thus induced in the liquid
metal 2. By interrupting supply of the windings 5 and by
changing the intensity and/or the direction of the DC
supply current, according to the diagram of Figure 3,
slowing down of the disordered motion of the liquid met-
al, i. e., the motion generated by the modalities of intro-
duction of the liquid metal into the tank 1, is obtained,
and the liquid metal 2 flows downwards being moved
almost exclusively by the force of gravity, with a practi-
cally uniform distribution of speed.

[0033] The duration of each phase of activation of the
windings is between 1 and 15 seconds, preferably be-
tween 4 and 10 seconds, with an interruption between
two consecutive phases of a duration of between 10 and
20% of the activation time.

[0034] The molten metal, with a flow rendered uniform
according to what has been illustrated previously, flows
down in the tank, until it reaches the boundary area, or
triple point. Here a further induction coil, which is set
between the tank 1 and the crystallizer 9, or else is set
outside the said crystallizer, and is supplied by a pulse
current as specified previously, generates a field of elec-
tromagnetic forces that is able to create a cavity 23
which removes the liquid metal away from the triple
point, thus preventing its solidification in contact with the
tank refractory walls, or in contact with the induction coil.
At the level of the triple point, a lubricant may be injected
into the said cavity, which will advantageously contain
ferromagnetic particles that favour concentration of the
said electromagnetic forces, thus enabling the formation
of a larger and more stable cavity 23.

Claims

1. Device for continuous casting of blooms, slabs, or
billets, consisting of a cooled crystallizer (9) in the
form of an open hollow body and of a tank (1) made
of refractory material set on top of the crystallizer
(9), into which liquid metal to be cast is poured,
characterized in that the said tank (1) made of re-
fractory material is equipped with means (4, 5, 6)
designed to slow down and render uniform the dis-
ordered motion of the liquid metal, and in that
means (11) are present, set at the height of the
boundary between the crystallizer (9) and the tank
(1), which are designed to cause and to maintain
detachment of the molten metal (2) from the walls
of the tank-crystallizer ensemble.

2. Device according to Claim 1, wherein the said
means for slowing down and rendering uniform the
disordered motion of the liquid metal consist of a
continuous core (6) set around the tank (1) and
equipped with at least four poles (4) and with wind-
ings (5) set around each pole (4), and of means,
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10.

11.

adapted to interrupt and modify periodically the
electrical supply of the said windings, thus creating
electromagnetic fields which are periodically inter-
rupted and modified in direction and intensity.

Device according to Claim 1, wherein the said
means adapted to cause and maintain detachment
of the molten metal from the walls of the tank-crys-
tallizer ensemble are made up of an induction coil
(11), supplied by a pulse current, consisting of a plu-
rality of turns inserted in a magnetic core (16).

Device according to Claim 3, wherein the said in-
duction coil is set between the tank (1) and the crys-
tallizer (9), and is provided with a wall facing to-
wards the inside of the tank-crystallizer ensemble.

Device according to Claim 3, wherein the said in-
duction coil is set outside the crystallizer (9), the
contact surface between the tank (1) and the crys-
tallizer (9) consisting of profiles of the end parts of
the tank and of the crystallizer which are comple-
mentary and generically ogival or parabolic.

Device according to Claim 5, wherein the crystalliz-
er (9) has, in its part close to the tank (1), through
slots (28).

Device according to Claim 6, wherein the said slots
(28) are at least partially closed by material trans-
parent to electromagnetic fields, in which case one
part (14b) of the said slots (28) that has remained
free serves for passage of a lubricant.

Device according to Claim 5, wherein the said in-
duction coil (11) is provided with a plurality of ducts
(14) for introducing, into the said compartment, lu-
bricating material, fed in by means of manifolds
(13).

Device according to Claim 7, wherein the said crys-
tallizer is provided with ducts (10b) for the coolant,
which are connected to similar ducts (10c) made in
the induction coil (11), for cooling the latter.

Device according to Claim 4, wherein the crystalliz-
er (9), at its initial part set facing towards the tank
(1), has inserts (15) which have high permeability
and are provided with an electrically insulating coat-
ing on their surfaces that are in contact with the lig-
uid metal.

Device according to Claim 1, wherein outside the
crystallizer (9), mechanical exciters (30) are set of
an electrodynamic, pneumatic, magnetostrictive, or
piezoelectric type, and the like, the frequency of
which corresponds to the resonance frequency of
the crystallizer-cast body system and is between
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16.

17.

18.
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100 Hz and 25 000 Hz.

Process for improving the quality of metallic bodies
obtained from continuous casting, in which a tank
made of refractory material is used, which is set on
top of a crystallizer having the shape of an open hol-
low body, and into which, by means of a special dis-
charging device, liquid metal is continuously poured
which advances with a disordered motion towards
the crystallizer and in the latter starts to solidify at
a joining area (referred to as "triple point") between
the tank and the crystallizer, thus forming a so-
called "skin" of the cast body extracted continuously
from the crystallizer, the said tank having the pur-
pose of removing, from the region of start of solidi-
fication, the free surface of the metal, the superna-
tant scale, and the area of molten metal with a flow
that is perturbed as a result of the continuous addi-
tion of metal, the said process being characterized
in that, in the said tank, a first action is carried out
of slowing down and rendering uniform the disor-
dered motion of liquid metal in the tank, which is
combined with a second action of detachment of the
liquid metal from the walls of the tank and of the
crystallizer at the said joining point.

Process according to Claim 12, wherein the said
first action of slowing down and rendering uniform
the motion of the liquid metal is obtained by means
of electromagnetic fields that are periodically inter-
rupted and modified in direction and intensity.

Process according to Claim 13, wherein the said
electromagnetic fields are generated by means of
an induction system consisting of a first continuous
core, set around the tank, provided with at least four
poles and with windings set around each pole, the
said poles being energised in a pre-set order for a
given period of time At, and with a time interval, be-
tween two successive energising, of 0.1-0.2 At.

Process according to Claim 14, wherein the said
time period At is between 1 and 15 seconds.

Process according to Claim 15, wherein the said
time period At is between 4 and 10 seconds.

Process according to Claim 14, wherein the current
used for generating the said electromagnetic fields
is between 1 kA and 200 KA.

Process according to Claim 12, wherein the second
action of detachment of the liquid metal from the tri-
ple point is obtained by means of a pulsating mag-
netic field generated by a second induction coil con-
sisting of a plurality of turns inserted into a second
magnetic core which completely surrounds the
crystallizer and is electrically insulated from the ex-
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ternal environment.

Process according to Claim 18, wherein the said
second induction coil is activated by means of a
pulse current, having an intensity of between 5 kA
and 200 kA, with a pulse duration of between 50 us
and 500 us, and a frequency of between 2 Hz and
150 Hz.

Process according to Claim 19, wherein said cur-
rent intensity is between 30 kA and 200 kA.

Process according to Claim 19, wherein the dura-
tion of said current pulses is between 100 ps and
200 ps.

Process according to Claim 19, wherein the fre-
quency of the said pulse current is between 100 Hz
and 200 Hz.

Process according to Claim 12, wherein, in an area
corresponding to the said triple point, lubricant is in-
jected in order to favour sliding of the forming skin
against the walls of the crystallizer.

Process according to Claim 12, wherein, in addition
to the detachment of the liquid metal, also detach-
ment of the solidifying skin from the walls of the
crystallizer is obtained, which is favoured by sub-
jecting the crystallizer to vibrations both in the trans-
verse and in the longitudinal directions with respect
to the axis of the crystallizer, by means of mechan-
ical exciters of an electrodynamic, pneumatic, mag-
netostrictive, or piezoelectric type, or the like, ap-
plied outside the crystallizer, with at least one per
wall.

Process according to Claim 23, wherein the said lu-
bricant has ferromagnetic properties.

Process according to Claim 25, wherein the said lu-
bricant comprises a mixture of ferromagnetic parti-
cles having a size smaller than 100 um, in a quantity
of between 5 wt% and 25 wt% of the total lubricant.
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