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FIG. 1

(57) Abrégé/Abstract:
Methods and apparatuses for treating aluminum dross, zinc dross, or metal-rich residues. These methods comprise heating
aluminum dross, zinc dross or metal-rich residues in an induction furnace to induce electrical current in at least one metal
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(57) Abrégé(suite)/Abstract(continued):

contained within the aluminum dross, zinc dross or metal-rich residues and heat the at least one metal at a temperature above the
melting point of the at least one metal for causing melting and agglomeration of the at least one metal at a bottom portion of the
furnace; and removing the molten at least one metal from the furnace so as to separate the molten at least one metal from the
aluminum dross, zinc dross or metal rich residues.
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FIG. 1

(57) Abstract: Methods and apparatuses for treating aluminum
dross, zinc dross, or metal-rich residues. These methods com-
prise heating aluminum dross, zinc dross or metal-rich residues
in an induction furnace to induce electrical current in at least one
metal contained within the aluminum dross, zinc dross or met-
al-rich residues and heat the at least one metal at a temperature
above the melting point of the at least one metal for causing melt-
ing and agglomeration of the at least one metal at a bottom por-
tion of the furnace; and removing the molten at least one metal
from the furnace so as to separate the molten at least one metal
from the aluminum dross, zinc dross or metal rich residues.
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METHODS AND APPARATUSES FOR ALUMINUM AND ZINC RECOVERY FROM
DROSS AND METAL-RICH RESIDUES USING INDUCTION MELTING
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to US application No. 62/630,499

filed on February 14, 2018. This document is hereby incorporated by reference in its

entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to the field of treating aluminum dross,

zinc dross and various metal-rich residues. More particularly, it relates to methods
and apparatuses for recovering various metals from dross residues. For example,
such methods can comprise recovering non-ferrous metals from dross such as
aluminum, zinc etc. For example, such methods can be carried out in an induction
furnace. For example, such methods can be carried without the use of salts i.e. salt-

free methods.

BACKGROUND OF THE DISCLOSURE

[0003] In a typical aluminum or zinc production plant a lot metal-rich-plant

residues are generated such as, metal dross, autogenous mill residues, crucible

cleaning residues, pit scrap, borings, pig bottom, mold machine skim and pot bottom

[0004] In the case of aluminum dross, which generally comprises metal oxides
and a considerable quantity of free (unreacted) metal, for economic reasons it has

been found desirable to extract the free metal before discarding the residues.

[0005] For this purpose, several furnaces have been devised and some are
presently being used; such furnaces are normally heated with an external heat

source, such as fuel- or gas-operated burners , plasma torches, or electric arcs.

[0006] Fuel or gas can be used for heating the dross in a dross treating
furnace, in order to recover the aluminum contained therein However, these
processes have the major drawback of requiring the addition of salt fluxes such as

NaCl or KCI, used to increase the percentage of aluminum recovery. In addition to the
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fact that such salt fluxes increase the cost of the operation, they also lead to

increased pollution.

[0007] Some proposals and small scale tests were made regarding the use of
furnaces for treating hot dross but these technologies were not efficient for treating
cold dross without the addition of an auxilliary heat source such as fuel- or gas-

operated burners , plasma torches, or electric arcs.

[0008] Processes that comprise extraction of the liquid metal from dross by
mechanical compression of the hot dross removed directly from a furnace have been
proposed. Such processes were found to be only used with hot dross right away after
its skimming from the liquid metal holding furnace. Moreover, metal recovery was very

poor.

[0009] Other techniques involving an electric arc were proposed but comprised
several drawbacks such as the controlled feeding of the graphite electrodes that
required to maintain the arc, Such a technology has thus been found difficult to
implement at an industrial level due to its mechanical complexity in a high electrical

voltage environnement.

SUMMARY OF THE DISCLOSURE

[0010] It would thus be highly desirable to be provided with a device, system or
method that would at least partially address the disadvantages of the existing

technologies.

[0011] According to one aspect, there is provided a method for treating

aluminum dross, zinc dross, or metal-rich residues the method comprising:

heating aluminum dross, zinc dross or metalrich residues in an
induction furnace to induce electrical current in at least one metal contained within the
aluminum dross, zinc dross or metal-rich residues and heat the at least one metal at a
temperature above the melting point of the at least one metal for causing melting and

agglomeration of the at least one metal at a bottom portion of the furnace; and
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removing the molten at least one metal from the furnace so as to separate the

molten at least one metal from the aluminum dross, zinc dross or metal rich
residues.

[0012] According to another aspect, there is provided a method for treating

aluminum dross, zinc dross or metal-rich residues, the method comprising:

heating aluminum dross, zinc dross or metal-rich residues in an induction
furnace to induce electrical current in at least one metal contained within the
aluminum dross, zinc dross or metal-rich residues and heat the at least one metal at
a temperature above the melting point of the at least one metal for causing melting,
separation of a waste and the molten at least one metal, and agglomeration of the at

least one metal at a bottom portion of the furnace;
removing from a furnace crucible the molten at least one metal;

transferring the recovered molten at least one metal to a holding furnace for

pouring in the melt;
removing the waste remaining in the crucible; and

scraping the wall of the crucible.

[0013] According to another aspect, there is provided a method for treating

aluminum dross, zinc dross or metal-rich residues , the method comprising:

heating in an induction furnace a molten metal heel to induce electrical
current in the molten heel metal to keep the metal molten and contacting the molten
metal heel with aluminum dross, zinc dross or metal-rich residues in order to heat
the aluminum dross, zinc dross or metal-rich residues charged intc a furnace
crucible by conduction of heat from the molten metal heel surface, for causing
melting, separation of a waste and the molten at least one metal, and agglomeration

of the at least one metal at a bottom portion of the furnace;
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removing the molten at least one metal from the furnace so as to separate the
molten at least one metal from the waste, while maintaining the molten metal heel in

the crucible at a predetermined level.

[0014] According to another aspect, there is provided an apparatus for treating

aluminum dross, zinc dross or metal-rich residues, the apparatus comprising:

an induction furnace suitable for treating aluminum dross, zinc dross or metal-
rich residues by heating the aluminum dross, zinc dross or metal-rich residues via an
eddy electrical current induced, at a temperature above a melting point of at least one
metal to be recovered therefrom, the furnace having an opening for passing material
therethrough for charging and discharging a furnace crucible and a cover for closing

the opening;
an injector for injecting an inert gas into the furnace; and

a temperature controlling device for monitoring and controlling temperature in

the furnace.

BRIEF DESCRIPTION OF DRAWINGS

[0015] The following drawings represent non-limitative examples in which:
[0016] The following examples are presented in a non-limiting manner.
[0017] FIG. 1 is a side elevation view of a single coil induction furnace in

accordance with the present disclosure;

[0018] FIG. 2 is a side elevation view of a double coil induction furnace in

accordance with the present disclosure;

[0019] FIG. 3 is a side elevation view of a single-coil-continuous-tapping

induction furnace in accordance with the present disclosure; and

[0020] FIG. 4 is a side elevation view of the furnace without the plunger used to
illustrate the formation of a bridge well above the surface of the melt.
4
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DESCRIPTION OF VARIOUS EMBODIMENTS

[0021] The following examples are presented in a non-limitative manner.

[0022] The word "a" or "an" when used in conjunction with the term
"comprising" in the claims and/or the specification may mean "one", but it is also
consistent with the meaning of "one or more", "at least one", and "one or more than
one" unless the content clearly dictates otherwise. Similarly, the word "another" may

mean at least a second or more unless the content clearly dictates otherwise.

[0023] In understanding the scope of the present disclosure, the term
“‘comprising” and its derivatives, as used herein, are intended to be open ended terms
that specify the presence of the stated features, elements, components, groups,
integers, and/or steps, but do not exclude the presence of other unstated features,
elements, components, groups, integers and/or steps. The foregoing also applies to
words having similar meanings such as the terms, “including”, “having” and their
derivatives. The term “consisting” and its derivatives, as used herein, are intended to
be closed terms that specify the presence of the stated features, elements,
components, groups, integers, and/or steps, but exclude the presence of other
unstated features, elements, components, groups, integers and/or steps. The term
“consisting essentially of’, as used herein, is intended to specify the presence of the
stated features, elements, components, groups, integers, and/or steps as well as
those that do not materially affect the basic and novel characteristic(s) of features,

elements, components, groups, integers, and/or steps.

[0024] Terms of degree such as “about’ and “approximately” as used herein
mean a reasonable amount of deviation of the modified term such that the end result
is not significantly changed. These terms of degree should be construed as including
a deviation of at least +5% or at least £10% of the modified term if this deviation would

not negate the meaning of the word it modifies.

[0025] For example, the heating can be carried out under an inert gas
atmosphere.
[0026] For example, the inert gas is Ar or N2.

5
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[0027] For example, the inert gas is injected at a controlled rate.

[0028] For example, the molten at least one metal is removed from the furnace

by means of a tap hole at a bottom portion of a furnace crucible.

[0029] For example, the molten at least one metal is removed from the furnace
by tilting the furnace and emptying the molten at least one metal by a furnace crucible

spout.

[0030] For example, the molten at least one metal is removed from the furnace
by tilting the furnace and emptying the molten at least one metal by a furnace crucible

spout while preventing, the flow of a solid waste floating at the surface of the melt.

[0031] For example, the molten at least one metal is removed from the furnace
by tilting the furnace and emptying the molten at least one metal by a furnace crucible
spout while preventing, with a grid, the flow, with the molten at least one metal, of a

solid waste floating at the surface of the melt.
[0032] For example, the at least one metal is aluminum or zinc.

[0033] For example, heating is stopped upon reaching the required temperature
of the aluminum dross, zinc dross or metal-rich residues by induction of eddy current

into the aluminum dross, zinc dross or metal-rich residues charged into the furnace

crucible.
[0034] For example, the at least one metal is aluminum or zinc.
[0035] For example, the predetermined level of molten heel is a same level

than before introducing the charge into the furnace.

[0036] For example, the heating is stopped upon achieving the required

temperature of the material by transfer of heat from the molten metal heel.

[0037] For example, the method further comprises monitoring and controlling
the temperature at different levels in the crucible to avoid overheating of the liquid at

least one metal.

[0038] For example, the eddy current is generated by electromagnetic induction

produced by at least one coil surrounding the crucible.
6
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[0039] For example, the method comprises heating aluminum dross.

[0040] For example, the method comprises heating metal rich residues from an

aluminum plant
[0041] For example, the waste comprises aluminum oxide.

[0042] For example, the waste comprises at least 95, 96, 97, 98, 99 or 99.5 %

of aluminum oxide.

[0043] For example, the waste is recycled for use in an electrolytic cell.

[0044] For example, the waste is recycled for use as a cover in an electrolytic
cell.

[0045] For example, the method comprises heating zinc dross.

[0046] For example, the method comprises heating metal residues from a zinc
plant.

[0047] For example, the waste comprises zinc oxide.

[0048] For example, the waste comprises at least 95, 96, 97, 98, 99 or 99.5 %
of zinc oxide.

[0049] For example, the waste is recycled for use in a zinc leaching step.

[0050] For example, the method comprises heating metal-rich residues.

[0051] For example, the metal-rich-plant residues are chosen from residues

generated in operating aluminum and zinc plants, metal dross, autogenous mill
residues, crucible cleaning residues, pit scrap, borings, pig bottom, mold machine

skim, pot bottom and mixtures thereof.

[0052] For example, the crucible is dimensioned to operate with a molten metal

heel of about 65 % to about 85 % of a capacity of the crucible.
[0053] For example, the crucible is a non-conducting crucible.

[0054] For example, the method further comprises monitoring and/or controlling

the temperature at different levels in the crucible.
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[0055] For example, the temperature monitoring and/or controlling is carried out
by means of a temperature controlling device that is effective for monitoring and/or

controlling temperature of a charge inside the crucible.

[0056] For example, the temperature controlling device comprises a plunger for
inserting into the crucible, the plunger defining a hollow chamber for receiving at least

one thermocouple for monitoring and/or controlling the temperature .

[0057] For example, the temperature controlling device comprises a plunger for
inserting into the crucible and contacting the charge, the plunger defining a hollow
chamber for receiving at least two thermocouples for monitoring and/or controlling the

temperature at different levels inside the crucible.
[0058] For example, the plunger is a steel plunger.

[0059] For example, the surface of the plunger is covered with a protective

coating for protecting the plunger against molten aluminum.
[0060] For example, the protective coating comprises WC-Co.

[0061] For example, the method further comprises moving the plunger is

movable upwardly, downwardly and/or laterally for stirring the charge.

[0062] For example, the method further comprises moving the plunger is
movable upwardly, downwardly and/or laterally for stirring the charge, thereby

breaking accumulation of solids on top on molten metal.

[0063] For example, the method further comprises further moving the plunger is
movable upwardly, downwardly and/or laterally for stirring the charge, thereby

breaking accumulation of solids bridging portion(s) of an internal wall of the crucible.

[0064] For example, the eddy current is generated by electromagnetic induction

produced by at least one coil surrounding the crucible.

[0065] For example, the eddy current is generated by electromagnetic induction

produced by at least two coils surrounding the crucible.

[0066] For example, the eddy current is generated by electromagnetic induction

produced by a double coil surrounding the crucible.
8
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[0067] For example, the furnace crucible comprises a tap hole for tapping at

least one recovered molten metal.
[0068] For example, the furnace comprises a device for tilting the furnace.

[0069] For example, the apparatus further comprises a controller for controlling

inert gas injection.

[0070] For example, the apparatus further comprises means for conveying the

molten at least one metal into a holding furnace.

[0071] For example, the apparatus further comprises means for pouring

recovered molten metal into the holding furnace.

[0072] For example, the apparatus further comprises a conveyor to charge the

material in the furnace.

[0073] For example, the apparatus further comprises a vibratory conveyor

suitable for charging in a heel melting operation.

[0074] For example, the apparatus further comprises a suitable container that is
an insulating refractory lined ladle for transporting the recovered molten metal and for

pouring the molten metal into a plant molten metal holding furnace.

[0075] For example, the temperature controlling device is effective for

monitoring and controlling temperature of a charge inside the crucible.

[0076] For example, the temperature controlling device comprises a plunger for
inserting into the crucible, the plunger defining a hollow chamber for receiving at least

one thermocouple for monitoring the temperature .

[0077] For example, the temperature controlling device comprises a plunger for
inserting into the crucible and contacting the charge, the plunger defining a hollow
chamber for receiving at least two thermocouples for monitoring the temperature at

different levels inside the crucible.

[0078] For example, the plunger is a steel plunger.
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[0079] For example, the surface of the plunger is covered with a protective

coating for protecting the plunger against molten aluminum.
[0080] For example, the protective coating comprises WC-Co.

[0081] For example, the plunger is movable upwardly, downwardly and laterally

for stirring the charge.

[0082] For example, the metal-rich-plant residues are chosen from residues
generated in operating aluminum and zinc plants, metal dross, autogenous mill
residues, crucible cleaning residues, pit scrap, borings, pig bottom, mold machine

skim, pot bottom and mixtures thereof.

[0083] For example, the dross can be obtained from skimming of a metal

holding furnace.
[0084] For example, the crucible can be a non-conductive crucible.

[0085] For example, a nonconductive crucible holding the charge of material to
be heated, can be surrounded by a coil (for example of copper wire). An alternating
current can flows through the coil. For example, the coil can create a rapidly
reversing magnetic field that penetrates the metal present in the material. The
magnetic field can induce eddy currents such as circular electric currents, inside the
metal, by electromagnetic induction. The eddy currents, flowing through the electrical
resistance of the bulk metal, heat it by Joule heating. For example, once melted, the
eddy currents can cause vigorous stirring of the melt, thereby assuring appropriate
mixing.

[0086] For example, once melted, the eddy currents can cause vigorous stirring

of the melt, assuring good mixing.

[0087] For example, the magnetic field can induce eddy currents, circular
electric currents, inside the metal, by electromagnetic induction. The eddy currents,
can be flowing through the electrical resistance of the bulk metal, heat it by Joule
heating. The current in the at least one coil can be fed and controlled independently in
order to heat independently some section of the crucible in order, for example, not to

overheat the bottom of the crucible when full with molten metal.
10
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[0088] For example, it is possible to select a low frequency power supply to get
more important stirring at the metal line, and at the same time the lower frequency,
giving larger wave length, provided more penetration of the electromagnetic field into
the charge, which will pass straight through the entrapped metal at the dross line and

not superheat the entrapped metal.
[0089] For example, the methods can comprise

charging a batch of dross , resulting from skimming of a metal holding
furnace in an aluminum plant, or of aluminum-rich-plant-residue into the
nonconductive crucible of an induction furnace (for example to insure that the
charge is thereby heated above the melting point of the metal to be recovered by
electromagnetic induction of electrical eddy currents in the partially metallic charge).
For example, the eddy currents, flowing through the electrical resistance of the bulk

metal, heat it by Joule heating.

providing an inert atmosphere in the furnace by filling the furnace with inert
gas, such as Ar or N2, for example to prevent oxidation of the metal during the

process.

energising an electrical current in the induction coils surrounding the
nonconductive crucible of the furnace (for example in order to induce a heating
electrical eddy current in the charge to bring it to a temperature above the melting
point of the recoverable metal), its separation from the waste also contained in the
dross or residue and its agglomeration at the bottom of the furnace. For example,
once melted, the eddy currents cause vigorous stirring of the melt, assuring good

mixing.

removing from the furnace crucible the recoverable free metal (for example by

tilting the crucible or by by means of a tap hole at a bottom portion of a furnace

crucible. The remaining waste can also be removed by tilting the crucible and by
scraping the crucible walls if required.

charging into the furnace a new batch of material for recycling and repeating

the process.

11
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[0090] For example, the apparatus for recovering metal, such as aluminum or

zinc, contained in a dross or a plant aluminum or zinc residues, comprising:

an induction furnace adapted for high temperature treatment of drosses and
metal-rich-plant-residues, for example, the furnace comprises a nonconductive
crucible holding the charge of material to be heated, surrounded by a coil (for
example of copper wire). An alternating current flows through the wire. The coill
creates a rapidly reversing magnetic field that penetrates the metal present in the
material. The magnetic field induces eddy currents, circular electric currents, inside
the metal, by electromagnetic induction. The eddy currents, flowing through the
electrical resistance of the bulk metal, heat it by Joule heating. The furnace can have
an opening through which the material to be treated may be charged into the
crucible and the recovered molten metal and the waste can be discharged from the

crucible, as well as a cover for closing the opening during treatment of the charge.
optionally means for tilting the the furnace and lifting the furnace cover,;
optionally means for injecting an inert gas into the furnace;

optionally means for monitoring the temperature of the charge inside the
crucible. For this purpose, a plunger (for example made of steel) can be provided
which is inserted through the furnace cover, for example axially and all the way
down into the crucible; the plunger can be hollow in order to contain several
thermocouples devices to be used for monitoring the temperature at different levels,
inside the crucible; the external surface of the plunger can be covered with a
protective coating (for example WC-Co), against the molten aluminum attacks. The
steel plunger can also be equipped with means to move it slightly up and down and
sideways in order to slightly stir the charge and break the possible formation of a

solid cap or “bridge’, above the melt;

optionally means for returning the recovered metal in the molten state to the

holding furnace;

optionally means for pouring the recovered molten metal into the holding

furnace;

12
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optionally means for supplying the electrical current to the coil surrounding
the crucible which, by electromagnetic induction, will generate the electrical eddy
currents required for the Joule heating of the metallic charge contained in the

crucible;
optionally means to water cool the coil surrounding the crucible; and

optionally means for the control of the operation and the recording and time
display of the measured data such as the electrical power, furnace current, furnace

frequency, capacitor voltage, ground leakage and charge temperature.

[0091] For example, the apparatus for recovering metal, such as aluminum or
zinc, contained in a dross or a plant aluminum or zinc residues or metal-rich residues,

can comprise:

an induction furnace adapted for high temperature treatment of drosses and
metal-rich-plant-residues, the furnace comprises of a nonconductive crucible holding
the charge of material to be heated, surrounded by at least one or at least wt two
independent coils (for example of copper wire). An alternating current flows through
the coil wires. For example, the coils can create a rapidly reversing magnetic field
that penetrates the metal present in the material. The magnetic field can induce
eddy currents, circular electric currents, inside the metal, by electromagnetic
induction. The eddy currents, can be flowing through the electrical resistance of the
bulk metal, heat it by Joule heating, the current in each coil can be fed and
controlled independently in order to heat independently some section of the crucible
in order, for example, not to overheat the bottom of the crucible when full with molten
metal. In addition, the furnace can have an opening through which the material to be
treated may be charged into the crucible and the recovered molten metal and the
waste can be discharged from the crucible, as well as a cover for closing the

opening during treatment of the charge;
optionally means for tilting the the furnace and lifting the furnace cover;

optionally means for injecting an inert gas into the furnace;
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optionally means for monitoring the temperature of the charge inside
the crucible. For example, a plunger (for example made of steel) can be provided
which can be for example inserted through the furnace cover, for example, axially
and all the way down into the crucible; the plunger can be hollow in order to contain
several thermocouples devices to be used for monitoring the temperature at different
levels, inside the crucible; the external surface of the steel plunger can be covered
with a protective coating (such as WC-Co) against the molten aluminum attacks. The
steel plunger can also be equipped with means to move it slightly up and down and
sideways in order to slightly stir the charge and break the possible formation of a

solid cap or “bridge’, above the melt.

optionally means for returning the recovered metal in the molten state to the

holding furnace;

optionally means for pouring the recovered molten metal into the holding

furnace;

optionally means for supplying the electrical current to each coil surrounding
the crucible which, by electromagnetic induction, will generate the electrical eddy
currents required for the Joule heating of the metallic charge contained in the

required section of the crucible;

optionally means for supplying the amount of electrical current in each of the
coils as required to obtain the temperature profile in the crucible required for the

metal recovery treatment of the material charged into the crucible;

optionally means to stop the induction heating of the material to prevent

overheating of the charge;
optionally means to water cool the coils surrounding the crucible; and

optionally means for the control of the operation and the recording and time
display of the measured data such as the electrical power, furnace current, furnace

frequency, capacitor voltage, ground leakage and charge temperature.
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[0092] For example, the apparatus for recovering metal, such as aluminum or
zinc, contained in a dross or a plant aluminum or zinc residues or metal-rich residues,

can comprise:

an induction furnace adapted for high temperature treatment of drosses and
plant aluminum residues, the furnace comprises of a nonconductive crucible holding
the charge of material to be heated, surrounded by a coil (for example a copper
wire). An alternating current can flow through the wire. The coil can create a rapidly
reversing magnetic field that penetrates the metal present in the material . The
magnetic field can induces eddy currents, circular electric currents, inside the metal,
by electromagnetic induction. The eddy currents, can be flowing through the
electrical resistance of the bulk metal, heat it by Joule heating. For example, the
furnace can have an opening through which the material to be treated may be
charged into the crucible and the waste can be discharged from the crucible, as well
as a cover for closing the opening during treatment of the charge. A tap hole can be

provided at the bottom of the furnace crucible for tapping of the molten metal,
optionally means for tilting the furnace and lifting the furnace cover;
optionally means for injecting an inert gas into the furnace;

optionally means for monitoring the temperature of the charge inside the
crucible. For example, a plunger (for example comprising steel) can be provided
which is inserted through the furnace cover, for example axially and all the way
down into the crucible; the steel plunger can be hollow in order to contain several
thermocouples devices to be used for monitoring the temperature at different levels,
inside the crucible; the surface of the steel plunger can be covered with a protective
coating such as WC-Co, against the molten aluminum attacks. The steel plunger can
also be equipped with means to move it slightly up and down and sideways in order
to slightly stir the charge and break the possible formation of a solid cap or “bridge’,

above the melt;

optionally means for returning the recovered metal in the molten state to the

holding furnace;
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optionally means for pouring the recovered molten metal into the holding

furnace;

optionally means for supplying the electrical current to the coil surrounding the
crucible  which, by electromagnetic induction, can generate the electrical eddy
currents required for the Joule heating of the metallic charge contained in the

crucible;
optionally means to water cool the coil surrounding the crucible; and

optionally means for the control of the operation and the recording and display
of the measured data such as the electrical power, furnace current, furnace

frequency, capacitor voltage, ground leakage and charge temperature.

[0093] For example, the apparatus for recovering metal, such as aluminum or
zinc, contained in a dross or a plant aluminum or zinc residues or metal-rich residues,

can comprise:

an induction furnace adapted for high temperature treatment of drosses and
plant aluminum residues, the furnace consists of a nonconductive crucible holding
the charge of metal to be melted, surrounded by a coil (for example comprising
copper wire). An alternating current can flow through the wire. The coil can creates a
rapidly reversing magnetic field that p