EP 3 508 591 A1

(1 9) Europdisches
: Patentamt

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

EP 3 508 591 A1

European
Patent Office

Office européen

des brevets (1 1 )

(43) Date of publication: (51) IntCl.:
10.07.2019 Bulletin 2019/28 C22B 9100 (2006.07) C22B 21/00 (2006.07)
(21) Application number: 16798544.9 (86) International application number:
PCT/ES2016/070618

(22) Date of filing: 02.09.2016

(87) International publication number:

WO 2018/042061 (08.03.2018 Gazette 2018/10)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(71) Applicant: Fundacién Cidaut
47151 Boecillo (Valencia) (ES)

(72) Inventors:
¢ MAROTO SOTO, José Antonio
47151 Boecillo (Valladolid) (ES)

+ MORINIGO SOTELO, Daniel
47151 Boecillo (Valladolid) (ES)

« RIVAS SALMON, Ana
47151 Boecillo (Valladolid) (ES)

« ALVAREZ LOPEZ, Roberto Manuel
47151 Boecillo (Valladolid) (ES)

« ARRANZ DE LA FUENTE, Diego
47151 Boecillo (Valladolid) (ES)

+ ALCALDE DE LA CUESTA, Maria Estibaliz
47151 Boecillo (Valladolid) (ES)

+ RODRIGUEZ CARRASCAL, Alicia
47151 Boecillo (Valladolid) (ES)

(74) Representative: Capitan Garcia, Maria Nuria

Felipe IV no. 10, bajo iz.
28014 Madrid (ES)

(54) PROCEDURE AND INSTALLATION FOR ELIMINATING IMPURITIES IN A CONTAMINATED

MOLTEN METAL

(67) A process of eliminating impurities dissolved in
a contaminated liquid metal, continuously, by applying
an electromagnetic field generated by linear induction
pumps on the contaminated metal crosswise to a second
duct through which the metal flows. The current density
circulates lengthwise to the duct, and therefore, accord-
ing to Lorentz force law, an electromagnetic force that is
perpendicular to both is produced. When the impurities
have a difference in electrical conductivity of at least one

order of magnitude in decimal power, the resulting force
that acts upon the particles causes a relative movement
of these with respect to said metal, such that they can
be moved and separated from said molten metal in a
previous metallurgical step a particle is formed having
an adequate electrical conductivity. The installation in-
cludes the aforementioned components in order to carry
out the process.
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] This invention lies within the field of the elimi-
nation of impurities in contaminated metals, also known
as purification, the most representative example being
that of aluminum alloys contaminated with iron.

BACKGROUND OF THE INVENTION

[0002] Inthe metallurgical industry treatments are per-
formed on secondary materials that allow such material
to be re-used in the production process with properties
as similar as possible to those of the primary material but
at a much lower cost.

[0003] Inparticular,inaluminumalloys, oxides andiron
are the greatest contaminants found. These aluminum
alloys are very easily contaminated with iron due to direct
contact with tools and molds during the entire production
process and the presence of oxides is due to the high
reactivity of the metal in the presence of oxygen.
[0004] There are numerous studies that have focused
on attempting to reduce the presence of impurities in mol-
ten metals, more specifically there is a large number of
studies aimed at trying to reduce the deleterious effect
of the presence of iron by precipitation by gravity, cen-
trifugal methods, addition of neutralizing components,
rapid setting or supercritical heating 300°C above the
melting point. The precipitation and centrifuge separation
processes, such as that of Patent with publication
number JPH11229055, do not have industrial interest
since they are difficult to implement due to their exces-
sively low efficiency and non-continuous processing. De-
spite the fact that the neutralizing, rapid setting and su-
percritical heating processes reduce the impact of iron,
they do not eliminate the detrimental effects of its pres-
ence.

[0005] Currently the only real alternative implemented
at an industrial level for eliminating iron consists of the
dilution with primary aluminum to reduce the content in
iron and other contaminants down to values accepted by
the standards, with the high financial costs this entails.
[0006] Separation using an electromagnetic force, as
stated in Leenov’s article (Daniel Leenov, Alexander Ko-
lin"Theory of Electromagnetophoresis. I. Magnetohydro-
dynamic forces experienced by spherical and Symmet-
rically oriented cylindrical Particles”", The journal of
Chemical Physics, vol. 22 No. 4, 1954), which theoreti-
cally evaluates the effect that an electromagnetic force
causes on a spherical particle, is presented as a new
method capable of eliminating the presence of these iron-
rich impurities or other contaminants and which could be
applied with high efficiency, allowing a continuous pro-
cedure of industrial interest.

[0007] There are preliminary studies that have sug-
gested solving the problem described, such as:
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- non-continuous processes that focus on using elec-
tromagnetic forces by creating a cylindrical force in-
side the metal and separating the inclusions by the
centrifuge effect, sending them to the walls, as is the
case of Yamao’s document (Fumitaka Yamao, Ken-
suke Sassa et al., "Separation of Inclusions in Liquid
Metal Using Fixed Alternating Magnetic Field", Tet-
su-to-Hagane, vol. 83, No 1, 1997);

- use of a high-power magnetic field to remove inclu-
sions such as that explained inthe document by Waki
(Norihisa Waki, Kensuke Sassa et al., "Magnetic
Separation of Inclusions in Molten Metal Using a
High Magnetic Field", Tetsu-to-Hagane, vol. 86, No
6, 2000);

[0008] Both processes are based on the separation of
the impurities already present within the metal due to the
effect of fluid dynamic forces and the difference in den-
sities and not on the elimination of harmful components
dissolved within the metal and which may not be sepa-
rated and eliminated simply with the use of fluid dynamic
forces or by movement of the metal.

[0009] Leenov's document theoretically reflects how
electromagnetic forces may actually affect compounds
that may be formed with the impurities to be extracted
from the metal.

[0010] There are electromagnetic systems for metal
decanting that exert electromagnetic forces on the con-
ducting metal, most of which use electrodes that must
be introduced into the liquid metal in order to pass an
electric current through them, which has two great draw-
backs: the new contamination of the metal since there is
no metal material that withstands the corrosive effect of
molten aluminum, and the electrical risk and requirement
for industrial-level insulation these devices require in or-
der to implement it in an industrial process without risk
of electrocution.

[0011] On the other hand, we also know the use of
other metal decanting systems, such as linear induction
pumps, which avoid contact with the metal and are more
versatile with respect to their properties, using alternating
current instead of direct current, as with the electrode
systems. However, we have not found any evidence of
its use to affect the presence of particles inside a con-
ductive metal.

[0012] In all the above, we have not encountered any
disclosure of a continuous and efficient process that has
been implemented at an industrial level.

[0013] Inthe analysis of more industrial references re-
lated to the system proposed we have found the patent
with publication number WO/2007/018243, which refers
to an industrial system for eliminating impurities con-
tained in the metal without resorting to any metallurgic
treatment. As with the documents by Yamao and Waki,
this system shall never be capable of eliminating the ex-
cess above the standard of elements that are dissolved
in the metal since when in solution they present no dif-
ference regarding conductivity and are therefore not af-
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fected by electromagnetic forces.

[0014] Moreover, there is also the problem associated
with in-situ contamination of the metal, since the process
is performed inside a ferromagnetic duct, and all the time
the metal is molten within this duct it shall be contami-
nated by the iron present in the walls of the container and
therefore not only it does not solve the problem, but rather
it worsens it.

[0015] There is thus still a need for purifying metals
contaminated with impurities via installations and a con-
tinuous process in liquid state without contact with other
metal elements.

DESCRIPTION OF THE INVENTION

Problems solved by this invention

[0016] Thisinvention is capable of eliminating both ex-
ogenous impurities, such as oxides previously formed in
the molten metal, for example, as well as endogenous
impurities that are dissolved in the metal, the latter being
those of greater interest and which shall be affected by
a first phase of metallurgical treatment. Thanks to this
treatment, the impurities to be eliminated shall become
new compounds the electrical conductivity of which shall
allow the particles to be eliminated to be affected by an
electromagnetic field in an entirely different manner from
the base metal.

[0017] In a second physical or separation treatment
phase an electromagnetic force generated by linear in-
duction pumps is applied that produced a relative move-
ment between the particle and the metal containing it,
which allows this to be an external treatment, without
contact and safe, without requiring the insertion of any
metal component in contact with the molten metal, thus
preventing possible contamination, such as the degra-
dation of these components.

[0018] The metal is always contained within a ceramic
channel or duct, never in contact with metallic compo-
nents, thus preventing contamination from tools during
the entire process.

[0019] The purifying process is performed continuous-
ly and may be adapted to any melting or maintenance
furnace of those commonly used in the foundry industry.

How this is achieved in this invention

[0020] The present invention is established and char-
acterized in the independent claims, while the dependent
claims describe additional characteristics thereof.
[0021] The objectoftheinvention is a purification proc-
ess and installations for molten metals contaminated with
impurities that is industrially viable. The technical prob-
lem to be solved is to configure the elements of the in-
stallations and to establish the steps of the process in
order to achieve said objective.

[0022] The invention is based on the capacity of mov-
ing a particle with different conductivity from that of the
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metal containing it, the base metal, with a difference of
at least one order of magnitude, referring to the decimal
power (107), due to the effect of an electromagnetic field.
With this measurement of the difference we refer to ten
times both lower or greater, or in other words, a difference
of more/less ten times (£10, 10<difference=x-y<10; "x"
being the conductivity of the particle and "y" that of the
base metal).

[0023] Therefore, the first step in the process consists
in transforming an impurity, the metallurgical or metallur-
gical treatment step, in the event that such impurity is
dissolved within the metal matrix, as an endogenous im-
purity, into a final particle with a conductivity of at least
one order of magnitude of difference with that of the met-
al, relating to the decimal power, for which an initial ele-
ment or compound is added to the molten metal. There-
fore, we achieve an intermetallic compound or final par-
ticle that can be affected by the action of an electromag-
netic field. Therefore, the process includes first of all a
metallurgical or metallurgical treatment step to be per-
formed in a furnace, in which to melt and mix the metal
to be purified with the necessary alloying elements.
[0024] And a second physical or separation treatment
step, in which the electromagnetic field is produced that
acts upon the molten metal and on the particles of differ-
ent electrical conductivity, wither exogenous or formed
in the previous metallurgical step, from the endogenous
particles.

[0025] One advantage is thatthe process is of low cost
since these are simple steps that use forces that can be
produced economically, using linear induction pumps.
[0026] Another advantage is that it is compatible with
existing furnaces, since the installation produces the
electromagnetic field in an inductive manner and from
outside the existing furnaces, unlike methods requiring
the insertion of electrodes to apply direct current.
[0027] Another advantage is that the duct through
which the metal flows in this installation is ceramic and
external to the furnace, and therefore simple to separate
in the case, for example, of an emergency shutdown.
[0028] Anotheradvantage isthatthe metalis constant-
ly contained in ceramic channels or ducts and reservoirs
ceramic, and does not therefore become contaminated
with elements from the metal containers and tools, as
would happen with iron.

[0029] Another advantage is that it is a selective proc-
ess, which can eliminate impurities without affecting the
remaining elements in the base metal alloy, if present,
since it shall only affect those elements affected by the
metallurgical treatment.

[0030] Another advantage is that it can be operated
continuously and in an automatic manner with the use of
commercial components used in automatic installations,
such as controls, automatons, etc.

[0031] Another advantage is that the impurities, which
usually form a kind of scum or sludge, can be eliminated
easily from the container mentioned in Claim 10.

[0032] Another advantage is that it can be designed
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based on the flow rate requirements characteristic of
each industrial installation in which it is implemented.
[0033] Anotheradvantageisit’'slow maintenance cost,
the same as molten metal decanting systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] This specification is supplemented with a set of
drawings illustrating the preferred embodiment, which
are never intended to limit the invention.

Figure 1 shows a cross section of a section of the
second duct with molten metal and a particle on
which the existing forces are represented.

Figure 2 shows a diagram with the elements of the
installation, showing a first fusion furnace and a sec-
ond metallurgical treatment furnace. Boxes with dot-
ted lines show the components for the metallurgical
treatment step (M) and for the separation treatment
step (S) . The curved arrow indicates the sense in
which the molten metal travels, which is clockwise.

Figure 3 shows a diagram of the installation in which
the first fusion furnace and the second metallurgical
treatment furnace of Figure 2 are integrated into a
third fusion and metallurgical treatment furnace.

Figures 4, 5 and 6 show respectively microscope
photographs of different morphologies of the com-
pound AISi (FeMn) : in a Chinese character, as a
star, as a polygon.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT OF THE INVENTION

[0035] An embodiment of the invention based on the
figures is provided below.

[0036] The purification process disclosed is capable of
eliminating endogenous and exogenous impurities from
the contaminated metal, provided that the particles have
an electrical conductivity that is different in at least one
order of magnitude, with regard to the decimal power, to
that of the metal that contains them.

[0037] For this to occur, the electromagnetic device
(3), Figures 2 and 3, generates an electromagnetic field
(B) on the metal with the impurities, perpendicular to a
current density (J) that is induced upon the same metal
lengthwise to the second duct (6) through which it circu-
lates, such thatit produces an electromagnetic force (F| ),
which according to the Lorentz force law should be per-
pendicular to B and J.

[0038] Figure 1 shows the diagram of forces F| =JxB
that act upon the molten metal.

[0039] Theresulting force from all electromagnetic and
fluid dynamic forces that act upon a particle contained
within the molten metal on which B and J are applied,
with a difference in conductivity of at least one order of
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magnitude with respect to the decimal power and the
metal it is contained in, causes a relative movement of
that particle with respect to that of the molten metal, in
the separation step (S).

[0040] The difference in electric conductivity between
the molten metal and the particle to be eliminated shall
determine the magnitude and sense of this resulting
force, which may be in the same sense as that of the
electromagnetic force (F|) or contrary to it.

[0041] Figure 1 shows in the black circle the particle
and the resulting force that acts upon it when the con-
ductivity of the particle is lower than that of the molten
metal, in which case it is in an opposite direction to the
electromagnetic force (F| ) generated on the metal.
[0042] In the event that the impurities to be eliminated
do not show the necessary difference in electrical con-
ductivity or that they are dissolved in the liquid metal, a
metallurgical treatment (M) must be performed, which
combines such impurities with other elements, thus
transforming them into new compounds with an electrical
conductivity different to that of the metal to be purified by
at least one order of magnitude in decimal power, where-
as the metal is still in a liquid state and at an optimal
working temperature.

[0043] One option in order to achieve these com-
pounds is to resort to elements between groups IV and
VIl of the periodic table, namely to eliminate iron, which
could be manganese or zirconium.

[0044] Another important aspect is the shape of the
compound to be eliminated, since the resulting force is
greater the greater the volume/surface ratio of the impu-
rity. Thus, for example, in the case of eliminating iron,
adding manganese produces the compound AlSi(FeMn),
which also has three different morphologies: as a Chi-
nese character (Figure 4), a star (Figure 5), or a polygon
(Figure 6). It has been proven that the most advanta-
geous configuration is that of the polygon, since it has a
greater volume/surface ratio.

[0045] Figure 2 shows a diagram of the installation for
eliminating impurities in a contaminated metal that in-
cludes a first fusion furnace (1) in which said metal can
be melted and which is independent from a second fur-
nace (2) for metallurgical treatment (M). An initial element
or compound is added to the molten metal that combines
with the impurity in order to form an intermetallic com-
pound or final particle with a suitable electrical conduc-
tivity. Both furnaces (1, 2) are connected by afirst ceramic
duct (5).

[0046] After the second furnace (2) there is a second
ceramic duct (6) through which the molten metal can trav-
el to the electromagnetic device (3).

[0047] In said electromagnetic device an electromag-
netic field is created by means of linear induction pumps,
the field lines of which are crosswise to the movement
of the fluid contained in the second duct (6). There is thus
a resulting force (R) acting upon the final particle that is
capable of moving it, separation step (S). The action of
the magnetic field is performed where the molten metal
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circulates; for the sake of simplicity we indicate the cor-
responding duct, although it could also be a deposit close
to the electromagnetic device (3) or even inside it.
[0048] Figure 3 shows the variant in which the first (1)
and second (2) furnaces are integrated into a third fusion
and metallurgical treatment (M) furnace (9). Obviously,
the first connection duct (5) between the first (1) and sec-
ond (2) furnaces is removed.

[0049] Another option, as shown in Figures 2 and 3,
which in order to ensure greater flow rates and efficacy
of the process, the configuration includes a boost pump
(4) to ensure the required flow rate in the event of a very
large installation; form the electromagnetic device (3) ex-
its a third duct (7) that connects to such boost pump (4)
from which exits a fourth duct (8) to the corresponding
furnace (1, 9). Said boost pump (4), although not shown,
may be located anywhere in the installation, even inside
any of the furnaces (1, 2, 9), since its function is that
inherentto any boost pump, of propelling the fluid passing
through it.

[0050] Optionally, the electromagnetic device (3) com-
prises a ceramic reservoir, not shown, in which the par-
ticles containing impurities are deposited separately from
the molten metal.

Claims

1. A process of eliminating impurities dissolved in a
contaminated molten metal, continuously, such im-
purities being both exogenous to the molten metal
and endogenous to it, characterized in thatan elec-
tromagnetic field (B), generated by linear induction
pumps, is applied on the contaminated metal that
flows through a second ceramic duct (6) and through
which a currentdensity (J) is induced in a longitudinal
direction to that of the duct, as a result of the elec-
tromagnetic force produced in the metal, Lorentz
force (F|), and the fluid dynamic forces derived from
the movement of the metal, a resulting force (R) acts
on the particle that causes a relative movement of
said particle with respect to that of the molten metal,
when the difference in electrical conductivity be-
tween the molten metal and the particle is of at least
one order of magnitude with respect to the decimal
power, said difference in conductivity is achieved in
endogenous impurities by creating an intermetallic
compound or final particle by the reaction between
the impurity to be eliminated and the addition of an
initial element or compound in a metallurgical step
(M) prior to the application of the electromagnetic
field, the separation phase (S).

2. A process according to Claim 1 in which the initial
element or compound that combines with the impu-
rity is one selected from between groups 4 and 7 of
the periodic table.
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3. A process according to Claim 1 in which the exoge-
nous particles to be eliminated are oxides of the base
metal.

4. A process according to Claim 2 in which in order to
eliminate iron the initial element is manganese or
zirconium.

5. A process according to Claim 4 in which the inter-
metallic compound AlSi(FeMn) is obtained, the par-
ticles of which acquire a morphology of a Chinese
character, a star and/or a polygon.

6. Installation for eliminating impurities dissolved in a
contaminated metal, comprising a first fusion fur-
nace (1) in which said metal can be melted and a
second metallurgic treatment (M) furnace (2) in
which an initial element or compound can be added
to the metal so that it combines with the impurities
to be eliminated in order to form an intermetallic com-
pound or final particle, characterized in that after
the second furnace (2) there is a second ceramic
duct (6) through which the molten metal can travel
to an electromagnetic device (3) that can create an
electromagnetic field via linear induction pumps, the
field lines of which are perpendicular to the longitu-
dinal axis of said second duct (6), so that a resulting
force (R) acts upon the final particle that may oppose
that caused by the electromagnetic field on the fluid,
Lorentz force (F| ), and therefore it is carried through
said second duct (6) .

7. Ainstallation according to claim 6 wherein both fur-
naces (1, 2) are connected via a first ceramic duct

(5) .

8. A installation according to claim 6 wherein the first
and second furnaces (1, 2) are conformed in a single
third furnace (9).

9. Anstallation according to any of the previous claims
in which from the electromagnetic device (3) exits a
third duct (7) that connects to a boost pump (4) from
which exits a fourth duct (8) to the corresponding
furnace (1, 9).

10. Ainstallation according to any of the previous claims
in which the electromagnetic device (3) comprises a
ceramic reservoir in which the particles containing
the impurities are gathered separated from the mol-
ten metal.

Statement under Art. 19.1 PCT

Differences between the claims as filed and the
claims as amended under Art.19 PCT = EP entry:
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claim 1 is modified by replacing the word "liquid" with
"molten" so that in said claim only the word "molten
metal" appears with reference to the state of the met-
al; the basis for such modification is found in the Ex-
aminer’s note that few metals are in the liquid state
at room temperature, such as Hg, when the applica-
tion as filed relates to molten metal: in the back-
ground of the invention, in page 1-line 30, page 4-
line 4, page 5-line 6; in the description of the inven-
tion, in page 5-line 22, page 6-line 5, page 26-line
26, page 7-lines 18 and 28; in the description of the
figures, in page 9-lines 17 and 26; in the detailed
description, page 10-lines 28 and 32, page 11-lines
2, 5 and 13, page 12-lines 14, 22 and 33, page 13-
line 27;

claim 2 is modified by replacing the Roman numerals
"IV"and "VII" by the corresponding Arabic numerals
"4" and "7"; the basis for such a modification is in the
application as filed, page 11-lines 27 to 30, wherein
the option to remove iron using manganese or zir-
conium as an specification of elements of groups IV
and VIl is mentioned, when said manganese or zir-
conium elements are not in those groups but in
groups 4 (Ti, Zr, Hf) and 7 (Mn, Tc, Re);

the rest of the claims remain unchanged.
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