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Description

FIELD OF THE INVENTION

[0001] The present invention concerns an apparatus
to heat and transfer metal materials for a melting plant
and a melting plant comprising said apparatus.
[0002] The heating and transfer apparatus is provided
with means to heat the metal materials before they are
introduced into a melting furnace.
[0003] The present invention can be applied advanta-
geously, although not exclusively, for the production of
steel or cast iron.

BACKGROUND OF THE INVENTION

[0004] In the field of iron and steel-making, melting
containers, also called melting furnaces, for the produc-
tion of liquid metal, are well known.
[0005] Melting furnaces are typically fed with solid ma-
terials that contain a high concentration of the metal to
be produced. The final composition of the liquid metal is
adjusted by adding other metal or non-metallic com-
pounds and very often with materials that have a high
carbon content.
[0006] Melting and refining furnaces can generally be
divided into two types:

- electric furnaces that use electric energy as a source
of additional energy to the chemical energy gener-
ated by the melting processes;

- heat furnaces that do not use electric energy and
use only heat sources; if additional energy is required
in addition to the chemical energy produced by the
refining reactions, burners are used for example.

[0007] The types of electric furnaces most often used
can comprise electric arc furnaces, induction furnaces,
resistance furnaces. A variant of electric arc furnaces,
with regard to the production of iron alloys, is the sub-
merged arc furnace.
[0008] Heat furnaces can comprise oxygen conver-
tors, Martin-Siemens furnaces and cupola furnaces.
[0009] After the primary melting step of the metal, a
refining step is provided. Usually different alloy materials
are added to the molten material, to obtain the required
chemical composition.
[0010] In all these processes, during the melting and
refining steps, all or only some of the materials to be
melted can be discharged. The melting and refining steps
are also called "power on charging", and correspond to
the time during which heat/electric energy is supplied to
the melting furnace.
[0011] During this step the materials can be loaded
into the melting furnace by a conveyor that adjusts the
delivery rate thereof.
[0012] During the power on charging, the limitation of
the delivery rate depends on the requirements of heat

energy specific for melting: the higher the specific melting
energy required, the lower will be the delivery rate and
the productivity of the melting furnace.
[0013] In order to reduce the duration of the melting
process, it is also known to heat the material before it is
loaded into the melting furnace.
[0014] One well-known technology for heating the met-
al material exploits the principle of magnetic induction.
[0015] The magnetic induction heating technique is
normally used in the fields of melting, heat treatments,
molding and welding.
[0016] One example application of the magnetic induc-
tion heating technique, regarding the melting process of
metal materials, is the induction furnace.
[0017] An induction furnace can consist of a melting
container, usually made of ceramic material, with a cy-
lindrical shape and to which induction heating devices
are associated. The induction heating devices normally
comprise at least one coil disposed around the melting
container, which is powered by alternate current at a suit-
able frequency. The coil can consist of a tube wound in
spirals in which a cooling fluid, usually water, is made to
circulate, to preserve the properties of mechanical resist-
ance thereof.
[0018] The alternate electric current circulating in the
coil generates an alternate induced magnetic field in the
melting container and generates induced currents in any
conductive metal material that is struck by the magnetic
field induced. The currents induced in the conductive
metal material in their turn generate heat energy due to
the Joule effect.
[0019] With regard to the technique of heating a metal
mass by induction, the metal product can be heated by
means of longitudinal flux induction or transverse flux
induction.
[0020] In the case of longitudinal flux induction, the
coils and magnetic yokes, which make up part of the heat-
ing devices, are disposed in such a way as to concentrate
the magnetic field induced along the longitudinal devel-
opment of the material to be heated. In this case the
heating of the metal material occurs along the axis of the
coil. A similar example of heating the metal material, by
the action of the longitudinal magnetic field, is the one
which occurs in an induction melting furnace.
[0021] In the case of transverse flux induction, the com-
ponents of the heating device are disposed on opposite
sides of the metal material to concentrate the oscillating
magnetic field through the material to be heated. In this
case, the main heating action occurs on the surface of
the metal material.
[0022] With regard to the heating of the metal material
before it is loaded into a melting furnace, a process and
a plant are known, for example from US-A-4.403.327, in
which the scrap or other metal material is first heated by
induction in a first container and is then loaded into a
second container to be melted, again exploiting the in-
duction principle.
[0023] The metal material exiting from the first contain-
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er is still in a solid state and is transferred to the second
container for example by loading baskets.
[0024] The loading baskets provide a direct, uncon-
trolled and immediate feed of the metal material directly
into the second container.
[0025] This is particularly disadvantageous because it
is not possible to suitably and continuously control the
ways in which the metal material, inserted into the furnace
during the whole melting process, is introduced.
[0026] In fact, a continuous control of the quantity of
material inserted would prevent the mass of already mol-
ten metal from being subjected to drastic reductions in
temperature.
[0027] US 3.413.401 A describes a vertical receptacle
heated by induction means to heat and melt metal ma-
terial, that is poured in its molten state into a container
below.
[0028] EP 2.546.592 A1 describes a transport system
for metal material to a melting furnace in which there are
radiation heating burners along the transporter. Using
said radiation burners has the disadvantage that it heats
the material only on the surface and, if high temperatures
are used, it may lead to the melting of any small-sized
material, with consequent sticking and corresponding
damage to the transport system and a slow-down in the
production cycle.
[0029] One purpose of the present invention is to ob-
tain an apparatus to heat and transfer metal materials
that allows to reduce the times of the melting cycle.
[0030] Another purpose of the present invention is to
obtain an apparatus to heat and transfer metal materials,
installable in a melting plant, that guarantees to feed the
materials in predetermined modes.
[0031] Another purpose of the present invention is to
obtain an apparatus to heat and transfer metal materials
that allows to reduce the complexity of the plant and its
manufacture.
[0032] Another purpose of the present invention is to
perfect a method to heat and transfer metal materials to
a melting furnace that allows to reduce the times of the
melting cycle.
[0033] The Applicant has devised, tested and embod-
ied the present invention to overcome the shortcomings
of the state of the art and to obtain these and other pur-
poses and advantages.

SUMMARY OF THE INVENTION

[0034] The present invention is set forth and charac-
terized in the independent claims, while the dependent
claims describe other characteristics of the invention or
variants to the main inventive idea.
[0035] In accordance with the above purposes, an ap-
paratus to heat and transfer mainly metal materials is
configured to heat and transport the metal materials to a
melting furnace to be subsequently melted.
[0036] According to one feature of the invention, the
apparatus comprises at least a transporter device con-

figured to move the materials continuously to the melting
furnace.
[0037] According to another feature of the present in-
vention, the apparatus comprises at least an induction
heating unit associated with the transporter device and
configured to heat by electromagnetic induction the ma-
terials moved by the transporter device, in any case keep-
ing them in a solid state.
[0038] With the present invention, therefore, the mainly
metal materials are heated before they are introduced
into the melting furnace to a temperature such that they
are not brought to a molten state, which consequently
allows to reduce the times of each melting cycle.
[0039] Using the electromagnetic induction heating
technique, compared with other known technologies, al-
lows to modulate, both quickly and precisely, the intensity
of heating of the materials fed, also depending on the
requirements of the process.
[0040] Therefore, using this technique, it is possible to
guarantee that the materials, even possibly heterogene-
ous, are heated but remain in a solid state that prevents
problems in their movement and prevents damage to the
transporter device.
[0041] Furthermore, the particular configuration of the
heating and transfer apparatus allows to feed the melting
furnace with already heated materials and substantially
continuously, or in any case in correlation to the specific
requirements of the melting process.
[0042] Some forms of embodiment of the present in-
vention also concern a melting plant comprising at least
a melting furnace in which mainly metal materials are
melted, a loading unit configured to feed the materials,
and a heating and transfer apparatus as described above
which is interposed between the loading unit and the
melting furnace.
[0043] Other forms of embodiment of the present in-
vention concern a method for melting metal materials
that comprises transporting mainly metal materials, by
means of a transporter device, continuously to a melting
furnace to be subsequently melted.
[0044] The method also provides that during the trans-
port of said materials, they are heated by electromagnetic
induction, and kept in their solid state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] These and other characteristics of the present
invention will become apparent from the following de-
scription of some forms of embodiment, given as a non-
restrictive example with reference to the attached draw-
ings wherein:

- fig. 1 is a schematic representation of a melting plant
for metal materials, comprising a heating and trans-
fer apparatus according to one form of embodiment
of the present invention;

- fig. 2 is a schematic representation of a possible form
of embodiment of a heating and transfer apparatus
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according to the invention;
- fig. 3 is a schematic representation of a variant form

of embodiment of fig. 2;
- fig. 4 is a schematic representation in cross section

of a possible form of embodiment of the heating and
transfer apparatus according to the present inven-
tion;

- figs. 5, 6 and 7 are schematic representations of pos-
sible variants of fig. 4;

- fig. 8 is a schematic representation of a variant form
of embodiment of fig. 1.

[0046] To facilitate comprehension, the same refer-
ence numbers have been used, where possible, to iden-
tify identical common elements in the drawings. It is un-
derstood that elements and characteristics of one form
of embodiment can conveniently be incorporated into
other forms of embodiment without further clarifications.

DETAILED DESCRIPTION OF SOME FORMS OF EM-
BODIMENT

[0047] With reference to fig. 1, a heating and transfer
apparatus, indicated in its entirety by the reference
number 10, can be installed in a melting plant 11 config-
ured to melt mainly metal materials and to obtain metal
products with a determinate composition.
[0048] The mainly metal materials, hereafter referred
to generically as materials, can comprise for example
scrap fragmented by shearing or grinding and separated
from non-metallic contaminants and possible exogenous
metals.
[0049] The materials can be fragmented into pieces
with a size comprised approximately between 50mm and
100mm. This level of fragmentation facilitates the trans-
port and metering of the metal material.
[0050] The fragmented scrap, possibly also heteroge-
neous, has a high density of lumps, a high concentration
of base metal and uniform sizes from piece to piece.
These properties make the fragmented scrap suitable for
induction heating.
[0051] The materials can also comprise components
of alloys suitable to modify the concentration of the final
product to be obtained.
[0052] The melting plant 11 according to the present
invention comprises at least a melting furnace 12 located
downstream of the heating and transfer apparatus 10
and configured to melt the materials fed by the heating
and transfer apparatus 10.
[0053] The heating and transfer apparatus 10 is con-
figured to heat and transfer the material before it is intro-
duced into the melting furnace 12.
[0054] According to one feature of the present inven-
tion, the heating and transfer apparatus 10 comprises at
least a transporter device 13 configured to move the ma-
terial to the melting furnace 12 in a direction of movement
D.
[0055] According to another aspect of the present in-

vention, the heating and transfer apparatus 10 also com-
prises at least an induction heating unit 28 associated
with the transporter device 13 and configured to heat by
electromagnetic induction the materials moved in the
transporter device 13. The entity of heating to which the
material is subjected in the heating and transfer appara-
tus 10 is such as to keep it in a solid state. Merely by way
of example, if the material that is heated is scrap iron,
the induction heating unit 28 is configured to heat it to a
temperature comprised between 300°C and 800°C.
[0056] The transporter device 13 is configured to mod-
ify, in a continuous and predetermined manner, the de-
livery rate of material to the melting furnace 12.
[0057] By suitably coordinating the activation of the
transporter device 13 it is possible to guarantee feed of
the material to the melting furnace 12 either continuously
or according to the needs dictated by the individual melt-
ing cycle. Furthermore, the heating action exerted by the
induction heating unit 28 allows to suitably control the
melting process, for example preventing sudden varia-
tions in temperature of the liquid bath in the melting fur-
nace 12.
[0058] To this purpose, and according to possible so-
lutions, the transporter device 13 can be provided with
weight control detectors and/or detectors to control the
speed of movement of the materials, in order to determine
on each occasion the delivery rate of material.
[0059] According to a possible form of embodiment,
delivery rate sensors can be connected to the transporter
device 13, configured to control the quantity of material
that is transported.
[0060] The delivery rate sensors can comprise TV
cameras, photocells, optical, inductive, capacitive, ultra-
sound, microwave or radio-frequency sensors.
[0061] According to possible forms of embodiment, the
transporter device 13 can be chosen from a group com-
prising a conveyor belt, a plate conveyor belt, a mobile
board conveyor, a rotating chamber or a possible com-
bination of the above.
[0062] According to possible forms of embodiment, the
transporter device 13 is designed so as to satisfy at least
one of the following requirements:

- ability to preserve the heat energy of the materials
transported, limiting the effects of heat dispersion;

- to reduce overheating of the structural parts of the
transporter device 13 due to the induction heating to
which the materials are subjected during movement;

- to keep a controlled environment in the transporter
device 13, for example to limit the interaction of the
materials with air, or to prevent the dispersion of pos-
sibly polluting gases into the surrounding environ-
ment.

[0063] With reference to the forms of embodiment
shown in figs. 1-4, the transporter device 13 can comprise
a mobile board conveyor 14.
[0064] According to possible forms of embodiment, the
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mobile board conveyor 14 can have a mainly longitudinal
development in said direction of movement D.
[0065] The mobile board conveyor 14 can be defined
by a channel having a concave cross section, cradle-
type, to contain inside it the materials to be transferred.
[0066] According to possible solutions, the transporter
device 13 can comprise an actuation member 16 (fig. 1)
connected to the mobile board conveyor 14 and provided
to feed the material in the direction of movement D.
[0067] The actuation member 16 can be the vibrating
type, for example with eccentric masses, and is config-
ured to impart on the mobile board conveyor 14 oscilla-
tions in a direction parallel to the direction of movement
D of the materials. In particular, the mobile board con-
veyor 14 is subjected to an acceleration in an opposite
direction with respect to the direction of movement of the
materials. The materials contained in the mobile board
conveyor 14 are subjected, due to their inertia, to sliding
on the bottom of the mobile board conveyor 14, in a di-
rection concordant with the direction of movement and
feed of the materials to the melting furnace 12.
[0068] The actuation member 16 can be attached near
the loading or unloading end or in an intermediate posi-
tion of the longitudinal extension of the mobile board con-
veyor 14.
[0069] According to possible solutions, the mobile
board conveyor 14 can be mounted on suspension mem-
bers 15, configured to support the mobile board conveyor
14 suspended, and to allow it to oscillate as described
above and due to the actuation of the actuation member
16.
[0070] According to possible implementations, the
suspension members 15 can comprise at least one of
either tension rods, elastic elements, damping elements,
pivoting elements, support plates or possible combina-
tions thereof.
[0071] With reference to the forms of embodiment
shown in figs. 2 and 3, the suspension members 15 can
comprise tension rods attached to the peripheral edges
of the mobile board conveyor 14 and provided to support
the load of the materials transported. First ends of the
tension rods are attached to the upper edge of the mobile
board conveyor 14 while their opposite ends can be at-
tached to a fixed structure of the transporter device 13.
Pivoting elements can be associated with the ends of the
tension rods to allow the mobile board conveyor 14 to
oscillate.
[0072] According to the form of embodiment shown in
fig. 4, the suspension members 15 comprise a support
platform 17 configured to support the mobile board con-
veyor 14, and support members 18 connected to a fixed
part of the transporter device 13 and to the support plat-
form 17 and configured to support the latter.
[0073] The support platform 17 and/or the mobile
board conveyor 14 can comprise guide members provid-
ed to guide the oscillation to which the mobile board con-
veyor 14 is subjected due to the activation of the actuation
member 16.

[0074] The mobile board conveyor 14, parts of it, or
structural components of the transporter device 13 can
be made with materials having low magnetic permeability
and low electric conductivity. A material with these prop-
erties allows to reduce overheating of the structural com-
ponents due to the heating action of the induction heating
unit 28. Merely by way of example, it may be provided to
use austenitic stainless steel.
[0075] The mobile board conveyor 14 can be associ-
ated with cooling devices, for example the water spray
or water nebulization type, to preserve the properties of
mechanical resistance of the mobile board conveyor 14.
[0076] According to possible forms of embodiment, the
structural parts of the mobile board conveyor 14 can be
coated with a heat-insulating and wear-resistant coating.
According to possible forms of embodiment, the heat-
insulating coating can be a ceramic or refractory material.
[0077] According to possible variant forms of embod-
iment, instead of a mobile board conveyor, the transport-
er device 13 can comprise a plate conveyor belt 19 (figs.
5, 6 or 7) provided to move the materials in the direction
of movement D.
[0078] The plate conveyor belt 19 can comprise a plu-
rality of plates 20, reciprocally connected to each other
and configured to define the bottom of the plate conveyor
belt 19 and the support surface of the materials.
[0079] The plates 20 are supported by a plurality of
rolls 53 on which the plates 20 are moved in the direction
of movement D.
[0080] The plates 20 can be substantially flat, as shown
for example in figs. 5, 6 and 7, or shaped concave, for
example U-shaped, where their concavity defines a
channel to contain the materials to be transported.
[0081] If the plates 20 have a substantially flat shape,
the plate conveyor belt 19 can comprise lateral walls 21
disposed near the lateral edges of the plates 20 and de-
fining with them a conveyor channel 22 for the materials
to be moved.
[0082] According to possible forms of embodiment, the
lateral walls 21 can be fixed with respect to the plates
20, for example mounted on a fixed structure of the trans-
porter device 13.
[0083] The plates 20 and/or the lateral walls 21 can be
made of a material that has a low magnetic permeability
and low electric conductivity. Merely by way of example,
the plates 20 can be made of austenitic stainless steel.
[0084] Cooling devices can be associated with the
plates 20 and/or the lateral walls 21, for example the wa-
ter spray type or the water nebulization type.
[0085] According to possible forms of embodiment, the
structural parts of the transporter device 13, and possible
plates 20 and/or lateral walls 21 can be coated with a
heat-insulating and wear-resistant coating. According to
possible forms of embodiment, the material of the heat-
insulating coating can be a ceramic or refractory material.
[0086] According to possible forms of embodiment, a
closing body 23 can be associated with the transporter
device 13 described with reference to figs. 1-7, and is
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configured to define, either by itself or in combination with
parts of the transporter device 13, a closed chamber 24
for the passage of said materials with controlled environ-
ment conditions.
[0087] In particular, the closing body 23 can be suitable
to hermetically close the materials that are moved, and
to prevent them from entering into contact with air, which
can oxidize the materials moved.
[0088] According to possible forms of embodiment (fig.
1), the closing body 23 can comprise a box-like pipe 25,
inside which at least the transporter device 13 is dis-
posed. In this case the pipe 25 itself defines the chamber
24.
[0089] According to other forms of embodiment (figs.
4-7), the closing body 23 comprises a covering element
26 configured to define, together with the transporter de-
vice 13, the chamber 24 that contains the materials.
[0090] In particular, with reference to fig. 4, the cover-
ing element 26 is attached to the upper part of the mobile
board conveyor 14, to close the concavity defined there-
by.
[0091] The covering element 26, together with the mo-
bile board conveyor 14, defines the transport volume of
the materials.
[0092] It is quite evident that in order to guarantee a
homogeneous distribution of heat on the metal charge,
the height of the bed of materials should be limited and
uniform.
[0093] According to the forms of embodiment shown
in figs. 5-7, the covering element 26 is attached to the
upper part of the lateral walls 21, to define together with
the latter and with the plates 20, the chamber 24 that
contains and transfers the materials.
[0094] According to possible forms of embodiment, in-
jection devices can be disposed inside the chamber 24,
configured to introduce into it a fluid or gas, inert or re-
ducing, suitable to condition the environmental condi-
tions in the chamber 24. This allows to prevent oxidation
of the heated materials that are made to transit through
the transporter device 13. According to possible solu-
tions, the injection device can comprise a plurality of in-
jectors, installed on the transporter device 13 in different
positions along its longitudinal extension.
[0095] According to a variant form of embodiment,
which can possibly be combined with the forms of em-
bodiment described here, the transporter device 13 can
be provided with a suction apparatus 27 configured to
generate a depression in the chamber 24 and to contain
the oxidation effects of the heated metal transported.
[0096] According to possible formulations, the suction
apparatus 27 can comprise a fan configured to control
the depression inside the chamber 24.
[0097] The suction apparatus 27 can be provided with
filter elements configured to filter the gases taken in.
[0098] The suction apparatus 27 can in turn be con-
nected to an apparatus for treating the gases, suitable
to treat the gases taken in.
[0099] The closing body 23 can be designed following

at least one of the following criteria:

- making at least its structural parts using materials
with low magnetic permeability, so as to guarantee
at least its mechanical seal;

- reducing the thicknesses at least of the electrically
conductive materials that make up the structural
parts of the apparatus;

- coating the surfaces of the structural parts potentially
exposed to the hot transported materials with insu-
lating materials;

- hermetically sealing the connections and interface
zones between the different components;

- installing the induction heating unit 28 as close as
possible to the materials transported.

[0100] According to possible forms of embodiment of
the present invention, the induction heating unit 28 com-
prises one or more coils 29 mounted outside the trans-
porter device 13 and suitable to generate an induced
magnetic field in the materials.
[0101] Each induction heating unit 28 also comprises
at least an electric energy generator 31 connected elec-
trically to one or more of the coils 29 to supply them with
the electric energy needed to generate the magnetic field.
[0102] The electric energy generator 31 can comprise
a frequency convertor suitable to vary the frequency and
control the current of the coils 29.
[0103] According to possible forms of embodiment, the
electric energy generator 31 can be configured to supply
an alternate electric current with a frequency comprised
between 300 Hz and 1,500 Hz. According to a variant
form of embodiment, the electric energy generator 31
can be configured to supply an alternate electric current
of less than 3,000 Hz.
[0104] According to possible formulations of the
present invention, and as mentioned above, the heating
and transfer apparatus 10 can comprise several induc-
tion heating units 28 associated with the transporter de-
vice 13 in different positions along the longitudinal exten-
sion of the latter. In this way it is possible to differentiate
the heating action on the material in the transporter de-
vice 13 in different positions of the latter.
[0105] This allows to differentiate the entity of the heat-
ing along the longitudinal extension, also depending on
the quantity of materials contained in the transporter de-
vice 13, or in order to determine a gradual heating of the
materials.
[0106] According to possible forms of embodiment, in
order to control the temperature of the materials in the
transporter device 13, temperature sensors are associ-
ated with the latter.
[0107] The temperature sensors can be installed along
the walls of the mobile board conveyor 14 or the lateral
walls 21 of the plate conveyor belt 19, possibly protruding
toward the inside of the coated wall.
[0108] According to a possible solution, for example
shown in figs. 1 and 2, the coils 29 are defined by a plu-

9 10 



EP 3 099 992 B1

7

5

10

15

20

25

30

35

40

45

50

55

rality of spirals 30 wound around a common axis and
disposed near the transporter device 13.
[0109] According to possible formulations of the
present invention, the coils 29 can be made of an elec-
trically conductive material, for example copper.
[0110] The coils 29 can be defined by one or more
pipes in which a cooling fluid is made to flow to control
the temperature that the material of the coils 29 can
reach.
[0111] The coil 29 can be formed by a single layer of
spirals 30, as shown for example in fig. 2, or it can com-
prise several layers, wound one above the other.
[0112] According to possible formulations of the
present invention, the spirals 30 of the coils 29, or at least
some of them, can be attached mechanically to a fixed
structure, for example against walls of the transporter
device 13, to contain the electromagnetic repulsion forc-
es that act on the coil 29.
[0113] According to possible forms of embodiment, the
spirals 30 of the coils 29 can be electrically insulated.
[0114] The coils 29 can be mounted, with respect to
the transporter device 13, so as to generate a magnetic
field with:

- longitudinal flux lines, that is, parallel to the direction
of movement D of the materials (shown for example
in figs. 1 and 2);

- transverse flux lines, that is, transverse with respect
to the direction of movement D of the materials
(shown for example in figs. 3-7).

[0115] According to a first form of embodiment, shown
for example in fig. 2, the coil 29 is wound around and
externally to the transporter device 13, in this case around
the mobile board conveyor 14, and according to a winding
axis of the spirals 30 substantially parallel to the direction
of movement D. In this form of embodiment, a magnetic
field is generated with longitudinal flux lines.
[0116] According to another form of embodiment,
shown for example in fig. 3, the induction heating unit 28
comprises at least two coils 29, located facing each other
and between which the transporter device 13 is inter-
posed. In particular, the coils 29 are disposed with their
winding axes substantially transverse to the direction of
movement D of the materials. In this form of embodiment,
a magnetic field is generated with transverse flux lines.
[0117] According to possible formulations of the
present invention, for example shown with reference to
figs. 4-7, the induction heating unit 28 can comprise at
least a magnetic field concentrator device 32 around
which said coils 29 are wound. The magnetic field con-
centrator device 32 is suitable to concentrate the mag-
netic field toward said materials that are made to ad-
vance.
[0118] The magnetic field concentrator device 32 can
comprise at least one of either concentrators or magnetic
yokes.
[0119] The magnetic field concentrator device 32 can

be made with materials having high magnetic permea-
bility and can therefore increase the overall heat transfer
efficiency.
[0120] The magnetic field concentrator device 32 can
be made with rolled metal sheets configured to reduce
the magnetic resistance of the magnetic circuit, or with
magneto dielectric materials.
[0121] According to a first solution, shown for example
in fig. 4, the magnetic field concentrator device 32 is dis-
posed above the transporter device 13 and is configured
to concentrate the magnetic field in a direction orthogonal
to the direction of movement of the materials.
[0122] In one solution, the magnetic field concentrator
device 32 comprises a concentrator body 33 with a mainly
longitudinal development and located during use parallel
to the direction of movement D.
[0123] The concentrator body 33 has an E-shaped
cross section, that is, having at least two cavities 34 sep-
arated from each other by a ferromagnetic separation
portion 35.
[0124] A coil 29 is wound on the concentrator body 33
so that the spirals 30 are disposed in the cavities 34 and
are wound around the separation portion 35.
[0125] By powering the coil 29 electrically, the spirals
30 that make up the coil 29 generate concentrated mag-
netic field lines that exit from the separation portion 35
in a direction parallel to the winding axis and affect the
materials disposed below.
[0126] With reference to fig. 5, another form of embod-
iment is described comprising at least two magnetic field
concentrator devices 32, similar to the one described with
reference to fig. 4.
[0127] In particular, in this case the two magnetic field
concentrator devices 32 are disposed facing each other,
and the transporter device 13 is interposed between
them. In the solution shown in fig. 5, each magnetic field
concentrator device 32 is located laterally adjacent to the
lateral walls 21 of the mobile board conveyor 14. Both
the magnetic field concentrator devices 32 are configured
to emit respective magnetic field fluxes substantially par-
allel to each other and orthogonal in turn to the direction
of movement D of the materials.
[0128] According to other forms of embodiment of the
present invention, for example shown in figs. 6 and 7,
the magnetic field concentrator devices 32 comprise a
yoke 36 made of ferromagnetic material around which
the coils 29 are wound.
[0129] According to the forms of embodiment in figs.
6 and 7, the yoke 36 of ferromagnetic material is sub-
stantially C-shaped, or has a substantially C-shaped
cross section..
[0130] During use, the ends of the yoke, also called
polar ends 37, face toward the metal materials present
in the transporter device 13.
[0131] The spirals 30 of the coils 29 can be suitably
protected by installing a magnetic screen acting as a con-
centrator to increase the induction efficiency.
[0132] According to the solution shown in figs. 6 and
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7, two coils 29 are disposed each near one of the polar
ends 37 and another coil 29 is located in an intermediate
position of the longitudinal extension of the yoke 36.
[0133] Fig. 6 shows a solution where both the polar
ends 37 are disposed above the materials that are
moved.
[0134] Fig. 7 instead shows a solution where the polar
ends 37 are disposed laterally to the transporter device
13 and each facing one of the lateral walls 21.
[0135] According to possible forms of embodiment,
shown for example with reference to figs. 1 and 8, be-
tween the heating and transfer apparatus 10 and the
melting furnace 12 an introduction member 38 is inter-
posed, configured to allow the introduction of the heated
material into the melting furnace 12.
[0136] The introduction member 38 can comprise for
example a slide, located above the melting furnace 12
and that allows the heated material to be discharged
through gravity to the melting furnace 12.
[0137] According to possible forms of embodiment, the
introduction member 38 can be connected to a selector
device 39 provided to take the introduction member 38
at least to a first operating position to discharge the ma-
terial into the melting furnace 12 and a second operating
position.
[0138] The second operating position of the introduc-
tion member 38 can correspond to a position of non-in-
terference of the latter with mobile parts of the melting
furnace 12, such as for example the roof that covers the
shell of an electric furnace.
[0139] According to a variant form of embodiment, for
example shown in fig. 1, the second operating position
of the introduction member 38 corresponds to a dis-
charge position of the material into an auxiliary container
40.
[0140] If it is not possible to discharge it into the melting
furnace 12, for example due to process requirements or
conditions connected to the momentary suspension of
the melting process,the heated material is discharged
into the auxiliary container 40 so as to allow it to be pos-
sibly reintegrated later into the melting process, for ex-
ample in the heating and transfer apparatus 10.
[0141] The transporter device 13 can be served by
monitoring devices provided to detect at least a blocked
condition of the material transported, breakdown of the
mechanical components, volumetric quantity of the ma-
terial transported, weight of the material transported.
[0142] The monitoring devices can comprise photo-
cells, TV cameras, optical, inductive, magnetic or similar
sensors, possibly controlled and managed by a control
unit.
[0143] According to the form of embodiment shown in
figs. 1 and 8, the melting furnace 12 comprises an electric
arc furnace 41 provided with electrodes 42 to supply elec-
tric power and injection devices 43 to introduce gas, pref-
erably oxygen able to promote the melting and refining
reactions.
[0144] The electric arc furnace 41 can be provided with

introduction means 44 configured to allow the insertion
of the heated material.
[0145] In particular, the introduction means 44 can
comprise a pipe, a hopper, vibrating devices or combi-
nations thereof.
[0146] According to possible forms of embodiment,
which can possibly be combined with the forms of em-
bodiment described here, the melting plant 11 according
to the present invention can also comprise a loading unit
45 located upstream of the heating and transfer appara-
tus 10 and configured to feed the materials to be heated
and transported to the latter.
[0147] The loading unit 45 can comprise at least one
of either a conveyor belt, plate conveyor belt, loading
basket, hopper, grab crane, bridge crane or possible
combinations thereof.
[0148] According to possible forms of embodiment, for
example shown in figs. 1 and 8, the loading unit 45 com-
prises a conveyor belt 46 and a loading hopper 47 con-
figured to load a determinate quantity of scrap onto the
conveyor belt 46.
[0149] The loading hopper 47 can possibly be provid-
ed, in correspondence with a discharge aperture, with a
vibrating feeder to meter the quantity of material dis-
charged onto the conveyor belt 46 and hence to control
the delivery rate of material discharged into the heating
and transfer apparatus 10.
[0150] The loading hopper 47 can possibly be served
by opening/closing devices 48, such as for example a
guillotine valve.
[0151] The delivery rate of material can be controlled
by modifying the frequency of vibration of the vibrating
feeder, also according to possible detections that can be
made on the conveyor belt 46. In particular, it can be
provided to control the weight and/or volume, by means
of suitable detectors installed on the conveyor belt 46.
[0152] In possible formulations of the present inven-
tion, the conveyor belt 46 can be at least partly contained
in a containing body 49, or housing, to contain the quan-
tity of material that is transferred.
[0153] On the opposite side to where the materials are
discharged into the heating and transfer apparatus 10,
the containing body 49 is provided with an auxiliary dis-
charge aperture 50, able to be selectively opened/closed,
to discharge the materials into a discharge container 51
instead of into the heating and transfer apparatus 10.
[0154] It is clear that modifications and/or additions of
parts may be made to the heating and transfer apparatus
10 as described heretofore, without departing from the
field and scope of the present invention.
[0155] For example, as shown in fig. 8, the transporter
device 13 can comprise a rotary drum 52, selectively ro-
tatable around an axis of rotation X parallel to the direc-
tion of movement D of the materials.
[0156] The rotary drum 52 is hollow inside to contain
inside it the materials to be transferred to the melting
furnace 12.
[0157] The materials are loaded in correspondence
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with a first end of the rotary drum 52 and, by rotation of
the latter, the forward motion of the materials is defined,
in the direction of movement D.
[0158] According to possible forms of embodiment, the
rotary drum 52 can be provided inside with blades con-
figured to determine the forward motion of the materials.
[0159] According to a possible form of embodiment,
the rotary drum 52 is disposed inclined, so as to present
its introduction end for the materials higher than the dis-
charge end. This allows to define a forward motion of the
materials simply due to the effect of gravity.
[0160] By suitably controlling the angle of inclination
of the rotary drum 52 and its speed of rotation, it is pos-
sible to control the delivery rate of materials that are fed
to the melting furnace 12.
[0161] The rotary drum 52 can be made of metal ma-
terials having a low magnetic permeability and low elec-
tric conductivity. Merely by way of example, the material
that the structural part of the rotary drum 52 is made of
can preferably be austenitic stainless steel coated with
heat-insulating materials, preferably refractory.
[0162] In this form of embodiment the induction heating
unit 28 comprises at least one coil 29, in this case two
coils 29, wound in spirals outside and around the rotary
drum 52. In particular, the coils 29 are disposed distanced
from each other along the length of the rotary drum 52
in order to control, in a differentiated manner, the heating
action to which the latter will be subjected during normal
functioning.
[0163] The coils 29 can be substantially similar to what
we described with reference to the previous forms of em-
bodiment.
[0164] In this case too, the coils 29 are each connected
to electric energy generators 31, to generate in the ma-
terials that are fed forward an induced magnetic field and
respective induced currents suitable to heat the materi-
als.
[0165] It can be provided that the rotary drum 52 is also
provided with other supplementary sources of heat, for
example of the chemical type such as for example burn-
ers.
[0166] It is also clear that, although the present inven-
tion has been described with reference to some specific
examples, a person of skill in the art shall certainly be
able to achieve many other equivalent forms of heating
and transfer apparatus 10 for metal materials, having the
characteristics as set forth in the claims and hence all
coming within the field of protection defined thereby.

Claims

1. Apparatus to heat and transfer mainly metal materi-
als to a melting furnace (12), said apparatus com-
prising a transporter device (13) configured to move
said materials continuously to said melting furnace
(12), wherein said transporter device (13) is chosen
from a group comprising a conveyor belt, a plate con-

veyor belt, a mobile board conveyor, a rotating cham-
ber or a possible combination of the above, wherein
said transporter device (13) is provided with a closed
chamber (24) for the passage of said metal materi-
als, characterized in that it comprises at least an
induction heating unit (28) comprising at least one
coil (29) mounted externally to said transporter de-
vice (13) and suitable to generate an induced mag-
netic field in said materials in order to heat by elec-
tromagnetic induction said materials, moved in said
transporter device (13), to a temperature between
300°C and 800°C and in any case keeping them in
a solid state.

2. Apparatus as in claim 1, characterized in that struc-
tural components of said transporter device (13) are
made with materials having low magnetic permea-
bility and low electric conductivity.

3. Apparatus as in claim 1 or 2, characterized in that
comprises several induction heating units (28) asso-
ciated with the transporter device (13) in different
positions along the longitudinal extension of the lat-
ter.

4. Apparatus as in any claim hereinbefore, character-
ized in that said coil (19) is defined by a plurality of
spirals (30), and in that the spirals (30) of the coil
(29), or at least some of them, are attached mechan-
ically against walls of said transporter device (13),
to contain the electromagnetic repulsion forces that
act on the coil (29).

5. Apparatus as in any claim hereinbefore, character-
ized in that said coil (29) is wound around to said
transporter device (13) and according to a winding
axis substantially parallel to the direction of move-
ment (D) of said materials.

6. Apparatus as in any claim hereinbefore, character-
ized in that said induction heating unit (28) compris-
es at least two coils (29) located facing each other
and between which said transporter device (13) is
interposed, said coils (29) being disposed with their
winding axes substantially transverse to the direction
of movement (D) of said materials.

7. Apparatus as in any claim hereinbefore, character-
ized in that said induction heating unit (28) compris-
es at least a magnetic field concentrator device (32)
around which said at least one coil (29) wind, said
magnetic field concentrator device (32) being suita-
ble to concentrate the magnetic field toward said ma-
terials.

8. Apparatus as in claim 7, characterized in that said
induction heating unit (28) comprises at least two
magnetic field concentrator devices (32) disposed

15 16 



EP 3 099 992 B1

10

5

10

15

20

25

30

35

40

45

50

55

facing each other, said transporter device (13) being
interposed between said magnetic field concentrator
devices (32).

9. Apparatus as in any claim hereinbefore, character-
ized in that said transporter device (13) comprises
a mobile board conveyor (14) with a mainly longitu-
dinal development, defined by a channel with a cra-
dle-type concave cross section, to contain the metal
material inside it and associated with an actuation
member (16) of the vibrating type.

10. Apparatus as in any claim hereinbefore, character-
ized in that a closing body (23) is associated with
said transporter device (13) and is configured to de-
fine, by itself or in combination with parts of said
transporter device (13), said closed chamber (24)
for the passage of said materials, with controlled en-
vironment conditions.

11. Apparatus as in any claim hereinbefore, character-
ized in that said transporter device (13) comprises
a rotating drum (52) hollow internally so as to contain
said materials inside it, said rotating drum (52) being
rotatable around an axis of rotation (X) parallel to the
direction of movement (D) of said materials.

12. Melting plant comprising at least a melting furnace
(12) in which to melt mainly metal materials, a loading
unit (45) configured to feed said materials, and a
heating and transfer apparatus (10) as in any claim
hereinbefore, said heating and transfer apparatus
(10) being interposed between said loading unit (45)
and said melting furnace (12) and being configured
to heat and move said materials, fed by said loading
unit (45), to said melting furnace (12), at a temper-
ature comprised between 300°C and 800°C and in
any case keeping them in a solid state.

13. Method for melting metal materials which comprises
transporting, using a transporter device (13), contin-
uously and to a melting furnace (12), mainly metal
materials in order to melt them, during the transport,
said materials passing in a closed chamber (24) of
said transporter device (13), characterized in that
during the transport of said materials it provides to
heat said materials by electromagnetic induction to
a temperature comprised between 300°C and 800°C
and in any case keeping them in a solid state, said
heating being achieved by means of an induction
heating unit (28) comprising at least one coil (29)
which is mounted externally to the transporter device
(13) and generate an induced magnetic field in said
materials.

Patentansprüche

1. Vorrichtung zum Erwärmen und Transportieren von
vorwiegend Metallmaterialien zu einem Schmelzo-
fen (12), wobei die Vorrichtung eine Transportvor-
richtung (13) umfasst, die so konfiguriert ist, dass
sie die Materialien kontinuierlich zu dem Schmelzo-
fen (12) transportiert, wobei die Transportvorrich-
tung (13) aus einer Gruppe ausgewählt ist, die ein
Beförderungsband, einen Plattenbandförderer, ein
mobiles Plattenförderband, eine rotierende Kammer
oder eine mögliche Kombination derselben umfasst,
wobei die Transportvorrichtung (13) mit einer ge-
schlossenen Kammer (24) für die Passage der Me-
tallmaterialien ausgestattet ist, dadurch gekenn-
zeichnet, dass sie wenigstens eine Induktionser-
wärmungseinheit (28) umfasst, die wenigstens eine
Spule (29) umfasst, die außen an der Transportvor-
richtung (13) befestigt ist und geeignet ist, ein indu-
ziertes Magnetfeld in den Materialien zu erzeugen,
um die Materialien, die in der Transportvorrichtung
(13) transportiert werden, durch elektromagnetische
Induktion auf eine Temperatur zwischen 300 °C und
800 °C zu erwärmen, wobei sie in jedem Fall in einem
festen Zustand gehalten werden.

2. Vorrichtung gemäß Anspruch 1, dadurch gekenn-
zeichnet, dass die Bauteile der Transportvorrich-
tung (13) aus Materialien mit geringer magnetischer
Durchlässigkeit und niedriger elektrischer Leitfähig-
keit bestehen.

3. Vorrichtung gemäß Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass sie mehrere Induktionserwär-
mungseinheiten (28) umfasst, die mit der Transport-
vorrichtung (13) an unterschiedlichen Positionen
entlang der Längserstreckung der Transportvorrich-
tung (13) verbunden sind.

4. Vorrichtung gemäß irgendeinem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Spule (29) durch mehrere Spiralen (30) definiert
wird, und dass die Spiralen (30) der Spule (29) oder
wenigstens einige von ihnen mechanisch an Wän-
den der Transportvorrichtung (13) so befestigt sind,
dass sie die elektromagnetischen Abstoßungskräf-
te, die auf die Spule (29) wirken, aufnehmen.

5. Vorrichtung gemäß irgendeinem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Spule (29) um die Transportvorrichtung (13) he-
rum und in Übereinstimmung mit einer Windungs-
achse, die im Wesentlichen parallel zu der Trans-
portrichtung (D) der Materialen ist, gewunden ist.

6. Vorrichtung gemäß irgendeinem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Induktionserwärmungseinheit (28) wenigstens
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zwei Spulen (29) umfasst, die einander gegenüber-
liegend angeordnet sind und zwischen denen die
Transportvorrichtung (13) angeordnet ist, wobei die
beiden Spulen (29) mit ihren Windungsachsen im
Wesentlichen quer zu der Transportrichtung (D) der
Materialien angeordnet sind.

7. Vorrichtung gemäß irgendeinem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Induktionserwärmungseinheit (28) wenigstens
eine Magnetfeldkonzentratorvorrichtung (32) um-
fasst, um die herum sich die wenigstens eine Spule
(29) windet, wobei die Magnetfeldkonzentratorvor-
richtung (32) geeignet ist, das Magnetfeld in Rich-
tung der Materialien zu konzentrieren.

8. Vorrichtung gemäß Anspruch 7, dadurch gekenn-
zeichnet, dass die Induktionserwärmungseinheit
(28) wenigstens zwei Magnetfeldkonzentratorvor-
richtungen (32) umfasst, die einander gegenüberlie-
gend angeordnet sind, wobei die Transportvorrich-
tung (13) zwischen den Magnetfeldkonzentratorvor-
richtungen (32) angeordnet ist.

9. Vorrichtung gemäß irgendeinem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Transportvorrichtung (13) ein mobiles Plattenför-
derband (14) umfasst, das hauptsächlich in Längs-
richtung verläuft und durch einen Kanal mit einem
wiegenartigen konkaven Querschnitt definiert wird,
um das Metallmaterial im Inneren aufzunehmen, und
mit einem Betätigungselement (16) vom Vibrations-
typ verbunden ist.

10. Vorrichtung gemäß irgendeinem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
ein Verschlusskörper (23) mit der Transportvorrich-
tung (13) verbunden ist, der so konfiguriert ist, dass
er - selbst oder in Kombination mit Teilen der Trans-
portvorrichtung (13) - die geschlossene Kammer
(24) für die Passage der Materialien unter kontrol-
lierten Umgebungsbedingungen definiert.

11. Vorrichtung gemäß irgendeinem der vorhergehen-
den Ansprüche, dadurch gekennzeichnet, dass
die Transportvorrichtung (13) eine Rotationstrom-
mel (52) umfasst, die innen hohl ist, um die Materi-
alien in ihrem Inneren aufzunehmen, wobei die Ro-
tationstrommel (52) um eine Rotationsachse (X) he-
rum parallel zu der Transportrichtung (D) der Mate-
rialien rotieren kann.

12. Schmelzanlage, welche wenigstens einen Schmelz-
ofen (12) zum Schmelzen von vorwiegend Metallm-
aterialien, eine Beladungseinheit (45) zur Zuführung
der Materialien und eine Erwärmungs- und Trans-
portvorrichtung (10) gemäß irgendeinem der vorher-
gehenden Ansprüche umfasst, wobei die Erwär-

mungs- und Transportvorrichtung (10) zwischen der
Beladungseinheit (45) und dem Schmelzofen (12)
angeordnet ist und so konfiguriert ist, dass sie die
durch die Beladungseinheit (45) zugeführten Mate-
rialien erwärmt und bei einer Temperatur zwischen
300 °C und 800 °C zu dem Schmelzofen (12) trans-
portiert, wobei sie in jedem Fall in einem festen Zu-
stand gehalten werden.

13. Verfahren zum Schmelzen von Materialien, welches
das kontinuierliche Transportieren von vorwiegend
Metallmaterialien zu einem Schmelzofen (12) unter
Verwendung einer Transportvorrichtung (13) um-
fasst, um sie zu schmelzen, wobei die Materialien
während des Transports eine geschlossene Kam-
mer (24) der Transportvorrichtung (13) durchlaufen,
dadurch gekennzeichnet, dass während des
Transports der Materialien die Materialien durch
elektromagnetische Induktion auf eine Temperatur
zwischen 300 °C und 800 °C erwärmt werden, wobei
sie in jedem Fall in einem festen Zustand gehalten
werden, wobei das Erwärmen durch eine Induktions-
erwärmungseinheit (28) erreicht wird, die wenigs-
tens eine Spule (29) umfasst, die außen an der
Transportvorrichtung (13) befestigt ist und ein indu-
ziertes Magnetfeld in den Materialien erzeugt.

Revendications

1. Appareil permettant de chauffer et de transférer prin-
cipalement des matériaux métalliques vers un four
de fusion (12), ledit appareil comprenant un dispositif
transporteur (13) conçu pour déplacer en continu
lesdits matériaux vers ledit four de fusion (12), dans
lequel ledit dispositif transporteur (13) est choisi
dans un groupe comprenant un convoyeur à bande,
un convoyeur à plateaux, un convoyeur à table mo-
bile, une chambre rotative ou une combinaison pos-
sible de ceux-ci, dans lequel ledit dispositif transpor-
teur (13) est pourvu d’une chambre fermée (24) pour
le passage desdits matériaux métalliques, caracté-
risé en ce qu’il comprend au moins une unité de
chauffage par induction (28) comprenant au moins
une bobine (29) montée à l’extérieur dudit dispositif
transporteur (13) et conçue pour générer un champ
magnétique induit dans lesdits matériaux afin de
chauffer par induction électromagnétique lesdits ma-
tériaux déplacés dans ledit dispositif transporteur
(13) jusqu’à une température comprise entre 300°C
et 800°C tout en les maintenant dans un état solide.

2. Appareil selon la revendication 1, caractérisé en ce
que les composantes structurelles dudit dispositif
transporteur (13) sont fabriqués avec des matériaux
ayant une faible perméabilité magnétique et une fai-
ble conductivité électrique.
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3. Appareil selon la revendication 1 ou 2, caractérisé
en ce qu’il comprend plusieurs unités de chauffage
par induction (28) associées au dispositif transpor-
teur (13) en positions différentes le long de l’étendue
longitudinale de celui-ci.

4. Appareil selon n’importe laquelle des revendications
précédentes, caractérisé en ce que ladite bobine
(29) est définie par une pluralité de spires (30), et
en ce que les spires (30) de la bobine (29), ou au
moins certaines d’entre elles, sont fixées mécani-
quement contre les parois dudit dispositif transpor-
teur (13), pour retenir les forces de répulsion élec-
tromagnétique agissant sur la bobine (29).

5. Appareil selon n’importe laquelle des revendications
précédentes, caractérisé en ce que ladite bobine
(29) est enroulée autour dudit dispositif transporteur
(13) selon un axe d’enroulement sensiblement pa-
rallèle à la direction de déplacement (D) desdits ma-
tériaux.

6. Appareil selon n’importe laquelle des revendications
précédentes, caractérisé en ce que ladite unité de
chauffage par induction (28) comprend au moins
deux bobines (29) situées l’une en face de l’autre et
entre lesquelles est interposé ledit dispositif trans-
porteur (13), lesdites bobines (29) étant agencées
avec leurs axes d’enroulement sensiblement trans-
versaux à la direction de déplacement (D) desdits
matériaux.

7. Appareil selon n’importe laquelle des revendications
précédentes, caractérisé en ce que ladite unité de
chauffage par induction (28) comprend au moins un
dispositif concentrateur de champ magnétique (32)
autour duquel s’enroule au moins une bobine (29),
ledit dispositif concentrateur de champ magnétique
(32) étant apte à concentrer le champ magnétique
vers lesdits matériaux.

8. Appareil selon la revendication 7, caractérisé en ce
que ladite unité de chauffage par induction (28) com-
prend au moins deux dispositifs concentrateurs de
champ magnétique (32) agencés l’un en face de
l’autre, ledit dispositif transporteur (13) étant inter-
posé entre lesdits dispositifs concentrateurs de
champ magnétique (32) .

9. Appareil selon n’importe laquelle des revendications
précédentes, caractérisé en ce que ledit dispositif
transporteur (13) comprend un convoyeur à table
mobile (14) ayant un développement principalement
longitudinal, défini par un canal ayant une section
transversale concave à berceau, destiné à contenir
le matériau métallique à son intérieur et associé à
un élément d’actionnement (16) de type vibrant.

10. Appareil selon n’importe laquelle des revendications
précédentes, caractérisé en ce qu’un corps de fer-
meture (23) est associé audit dispositif transporteur
(13) et est conçu pour définir, par lui-même ou en
combinaison avec des pièces dudit dispositif trans-
porteur (13), ladite chambre fermée (24) pour le pas-
sage desdits matériaux dans des conditions envi-
ronnementales contrôlées.

11. Appareil selon n’importe laquelle des revendications
précédentes, caractérisé en ce que ledit dispositif
transporteur (13) comprend un tambour rotatif (52)
creux à son intérieur de façon à contenir lesdits ma-
tériaux, ledit tambour rotatif (52) pouvant tourner
autour d’un axe de rotation (X) parallèle à la direction
de déplacement (D) desdits matériaux.

12. Installation de fusion comprenant au moins un four
de fusion (12) destiné principalement à la fusion de
matériaux métalliques, une unité de chargement
(45) conçue pour alimenter lesdits matériaux et un
appareil de chauffage et de transfert (10) selon n’im-
porte laquelle des revendications précédentes, ledit
appareil de chauffage et de transfert (10) étant in-
terposé entre ladite unité de chargement (45) et ledit
four de fusion (12) et étant conçu pour chauffer et
déplacer lesdits matériaux, alimentés par ladite unité
de chargement (45), audit four de fusion (12), à une
température comprise entre 300°C et 800°C tout en
les maintenant dans un état solide.

13. Procédé de fusion de matériaux métalliques com-
prenant le transport principalement de matériaux
métalliques, à l’aide d’un dispositif transporteur (13),
de manière continue et vers un four de fusion (12),
afin de les fondre pendant le transport, lesdits ma-
tériaux passant dans une chambre fermée (24) dudit
dispositif transporteur (13), caractérisé en ce que,
pendant le transport desdits matériaux il comporte
le chauffage desdits matériaux par induction élec-
tromagnétique jusqu’à une température comprise
entre 300°C et 800°C tout en les maintenant dans
un état solide, ledit chauffage étant réalisé au moyen
d’une unité de chauffage par induction (28) compre-
nant au moins une bobine (29) montée à l’extérieur
de l’appareil transporteur (13), et la génération d’un
champ magnétique induit dans lesdits matériaux.
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