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FIG. 1

(57) Abstract: Systems, methods, and apparatus for treating a molten metal are provided. A metal treatment system, comprising: a
wire feeding subsystem; and a cored wire; wherein the wire feeding subsystem feeds the cored wire into a metal bath at a controlled
wire feed rate, and wherein the metal bath comprises a molten metal, wherein the cored wire comprises: a consumable outer sheath
having a tubular cross section; and a core fill material coupled to an inner surface of the outer sheath, wherein the core fill material
comprises a refining agent for refining the molten metal; and wherein the refining agent reacts with the molten metal, thereby causing

an impurity to be removable from the metal bath.
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SYSTEMS, METHODS, AND CORED WIRES FOR TREATING A MOLTEN METAL

Technical Field

[0001] The following relates generally to metal treatment and refining, and more
specifically to systems, methods, and cored wires for treating a molten metal with a

refining agent.

Introduction

[0002] Impurities in a molten metal (e.g. aluminum) such as non-metallic
inclusions and hydrogen can adversely affect the mechanical, physical, and chemical
properties of metal products made from the molten metal, such as metal castings.
Adversely affected properties may include strength, electrical and thermal conductivity,
corrosion resistance, and the like. The removal or reduction of such impurities in
molten metals is an important part of a casting line or casting process. It is preferred
that refining of the molten metal be carried out before it is poured into a mould cavity

or other such step.

[0003] Impurity reduction performance requirements are increasing. Increases
in impurity reduction performance requirements may be driven by demands for high
value added-product in various fields of application. Demands may be particularly high

in fields with high standards of quality control, such as aerospace and automotive.

[0004] Various systems and approaches exist for removing or reducing
impurities in a molten metal. However, existing systems, such as salt-injection
systems, may not provide sufficient precision and repeatability, particularly when it

comes to the provision of the refining agent.

[0005] Accordingly, there is a need for an improved metal treatment system and
method that overcomes at least some of the disadvantages of existing or conventional

metal treatment systems.
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Summary

[0006] Other aspects and features will become apparent, to those ordinarily
skilled in the art, upon review of the following description of some exemplary

embodiments.

[0007] A metal treatment system is provided herein. The metal treatment system
includes a wire feeding subsystem and a cored wire. The wire feeding subsystem
feeds the cored wire into a metal bath at a controlled wire feed rate. The metal bath
includes a molten metal. The cored wire includes a consumable outer sheath having
a tubular cross section and a core fill material coupled to an inner surface of the outer
sheath. The core fill material includes a refining agent for refining the molten metal.
The refining agent reacts with the molten metal, thereby causing an impurity to be

removable from the metal bath.

[0008] The molten metal may be aluminum.

[0009] The refining agent may be a salt.

[0010] The salt may be a eutectic salt.

[0011] The salt may be a chloride salt.

[0012] The salt may be a binary salt including MgCl..

[0013] The binary salt may include KCI or NaCl.

[0014] The salt may be a tertiary salt mix.

[0015] The tertiary salt mix may include aluminum fluoride or potassium

aluminum fluoride.

[0016] The impurity may be hydrogen gas, a non-metallic inclusion, or an alkali
metal.

[0017] The non-metallic inclusion may be an oxide, a boride, or a carbide.
[0018] The alkali metal may be sodium, lithium, or calcium.
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[0019] A metal treatment method is provided herein. The metal treatment
method includes providing a metal bath including a molten metal. The method also
includes feeding a cored wire into the metal bath at a controlled wire feed rate. The
cored wire includes a consumable metal sheath having a tubular cross section and a
core fill material coupled to an inner surface of the sheath. The core fill material
includes a refining agent for refining the molten metal. The method also includes
reacting the refining agent with the molten metal, thereby causing an impurity in the

molten metal to be removable from the metal bath.

[0020] The method may include monitoring the amount of refining agent added

to the molten metal.

[0021] A cored wire for refining a molten metal is provided herein. The cored
wire includes a consumable metal sheath comprising a tubular cross-section and a
core fill material coupled to an inner surface of the tubular wire to form the cored wired.
The core fill material includes a refining agent for refining the molten metal. The
refining agent reacts with the molten metal, thereby causing an impurity to become

removable form the molten metal.

[0022] The molten metal may be aluminum.

[0023] The refining agent may be a salt.

[0024] The salt may be a binary salt.

[0025] The salt may be a tertiary salt mix.

[0026] The cored wire may be used in a wire feeding subsystem adapted to feed

the cored wire to the molten metal.

Brief Description of the Drawings

[0027] The drawings included herewith are for illustrating various examples of

articles, methods, and apparatuses of the present specification. In the drawings:

[0028] Figure 1 is a schematic block diagram of a metal treatment system,

according to an embodiment;
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[0029] Figure 2 is a cross-section view of the cored wire shown in Figure 1,

according to an embodiment;

[0030] Figure 3 is a flowchart of a method of manufacturing a cored wire for use

in a metal treatment system, according to an embodiment;

[0031] Figure 4 is a flowchart of a method of manufacturing a folded cored wire

for use in a metal treatment system, according to an embodiment; and

[0032] Figure 5 is a flowchart of a method of manufacturing a seamless cored

wire for use in a metal treatment system, according to an embodiment.

Detailed Description

[0033] Various apparatuses or processes will be described below to provide an
example of each claimed embodiment. No embodiment described below limits any
claimed embodiment and any claimed embodiment may cover processes or
apparatuses that differ from those described below. The claimed embodiments are not
limited to apparatuses or processes having all of the features of any one apparatus or
process described below or to features common to multiple or all of the apparatuses

described below.

[0034] The following relates generally to metal treatment and refining, and more
specifically to systems, methods, and cored wires for treating a molten metal with a
refining agent. Systems and methods disclosed herein may be used as part of an in-
line refining/metal treatment process to remove impurities. The impurities may include

dissolved hydrogen, suspended non-wetted inclusions, and/or dissolved alkali metals.

[0035] Existing metal treatment systems include salt injection systems (e.g.
rotary gas injection system), electromagnetic pumps, in-line degassers (e.g. box
degasser, trough degasser), flux injectors, portable flux and refining agent injection
systems, and plungers. Existing metal treatment systems may have reaction
efficiencies in a range of 20-60%. Existing metal treatment systems may not be

adapted to provide a sufficiently precise feed of a refining agent to a molten metal.
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Existing metal treatment systems may suffer from imprecise feeding of refining agent

due to the absence of an appropriate feedback or control mechanism on the feed.

[0036] Referring now to FIG. 1, shown therein is a metal treatment system 100,
according to an embodiment. The metal treatment system 100 can be used for refining
a molten metal by the addition of a refining agent 102. In a particular case, the metal
treatment system 100 can be used for the removal of one or more impurities from a

molten aluminum.

[0037] The system 100 may be used as one part of a casting line. In this sense,
the system 100 may be considered as one part of an overall melt quality package. For
example, the system 100 may be positioned between a furnace treatment stage and a

filtration stage in the casting line.

[0038] The system 100 includes a vessel 104. The vessel 104 holds a metal
bath 106. The metal bath 106 includes the molten metal. The molten metal starts as
an unrefined molten metal 108 including one or more impurities 110. By operation of
the metal treatment system 100, the unrefined molten metal 108 is transformed into a
refined molten metal 112 through the removal or separation of the impurities 110 from
the molten metal. The refined molten metal 112 may be transferred to a downstream

stage 114 of an overall in-line refining process/casting line.

[0039] The molten metal may be aluminum or an aluminum alloy. The alloy may

be a high magnesium alloy. The alloy may be a high silicon alloy.

[0040] The unrefined molten metal 108 includes the impurities 110. The system
100 is designed to cause the impurities 110 to become removable from the metal bath

106 via the addition of a refining agent 102.

[0041] The vessel 104 may have a base and a plurality of sides. The vessel
104 may be connected to one or more upstream or downstream components, such as
downstream stage 114, of the casting line or overall metal treatment process. The
vessel 104 may include an upstream inlet for receiving the molten metal from an
upstream or other source. The vessel 104 may include a downstream outlet for

transferring the refined molten metal 112 to downstream stage 114.

-5.-
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[0042] The refining action of the system 100 may generate dross. The dross
includes floating matter in the metal bath 106. The dross includes solid impurities 110
floating on the molten metal or dispersed in the molten metal. The dross may include
unwanted material that forms on the surface of the molten metal during the
refining/treatment process. The dross can be skimmed off the surface of the molten
metal / metal bath 106. The dross may be skimmed by mechanical process or

manually by an operator.

[0043] The vessel 104 may be connected to a dedrossing port 116. The
dedrossing port 116 receives the dross from the metal bath 106. The dross may be

processed separately or discarded.

[0044] The dimensions and composition of the vessel 104 may be designed to
improve the refining process. The vessel 104 may be designed to allow the escape of
gas into the local atmosphere, such as via an exposed surface. The vessel 104 may
be designed to have an increased metal height and bubble residence time. Increased
metal height or bubble residence time may be achieved via an increased vessel
volume. Bubble residence time may be considered as the time during which a rising
gas bubble in the metal bath 106 is in contact with the molten metal. Increasing the
metal/gas residence time of the vessel 104 may increase process performance. The
system 100 may be designed to influence a metal residence time and a bubble
residence time (i.e. the time the bubbles are in contact with the metal as they rise to
the melt surface). Influencing design criteria such as metal residence time and bubble
residence time may increase the effectiveness of the degassing function of the system
100.

[0045] The system 100 includes a wire feeding subsystem 120. The wire
feeding subsystem 120 feeds a cored wire 112 into the metal bath 106 for refining the

unrefined molten metal 108. The cored wire 122 includes the refining agent 102.

[0046] The wire feeding subsystem 120 feeds the cored wire 122 into the metal
bath 106 at a wire feed rate. The wire feed rate may be prespecified. The wire feed

rate may be constant. The wire feed rate may be adjustable. The wire feed rate may

-6 -
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be adjusted to feed more or less cored wire 122 (and thus refining agent 102) to the

unrefined molten metal 108 per period of time.

[0047] The wire feeding subsystem 120 includes a wire feeder unit 124. The
wire feeder unit 124 feeds the cored wire 122 to a wire conduit 126. In an embodiment,
the wire feeding subsystem 120 may include a cold wire welding feeder adapted as
necessary to deliver the cored wire 122. The wire feeding subsystem 120 may operate

automatically, semi-automatically, or manually.

[0048] The wire feeding subsystem 120 mechanizes the addition of the refining
agent 102 to the unrefined molten metal 108 via delivery of the cored wire 122.
Mechanizing the delivery of the cored wire 122 may provide a consistent and/or
controlled delivery of the cored wire 122, and thus the refining agent, to the metal bath
106.

[0049] The wire feeder unit 124 includes a wire store 128. The wire store 128
stores a wire supply 130 of the cored wire 122. The wire store 128 may be a spool or

reel-type mechanism for holding the wire supply 130.

[0050] The wire feeder unit 124 includes a wire feed mechanism 132. The wire
feed mechanism 132 may be connected to the wire store 128. The wire feed
mechanism 132 transfers a portion / length of the wire supply 130 from the wire store
128 to the wire conduit 126.

[0051] The wire feed mechanism 132 includes an inlet 134 for receiving the
cored wire 122 from the wire store 128. The inlet 134 guides the cored wire 122 into
a feed roll assembly 136 of the wire feed mechanism 132. The wire feed mechanism
132 includes an outlet 138 for transfer of the cored wire 122 to the wire conduit 126.
The outlet 138 may be continuous with an outlet of the wire feeder unit 124. The outlet
138 guides the cored wire 122 from the feed roll assembly 136 into the wire conduit
126 (for example, via a wire conduit inlet guide). The inlet 134 and outlet 138 may be

designed to work with a range of sizes of cored wire 122.

[0052] The feed roll assembly 136 includes one or more feed rolls for conveying

the cored wire 122 from the wire store 128 to the wire conduit 126.

-7 -
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[0053] The feed roll assembly 136 may include a drive roll. The drive roll may
be for smooth wire feeding. The drive roll may promote smooth and consistent feeding

of the cored wire 122. The drive roll may be dual grooved.

[0054] The drive roll may be a v-knurled drive roll or a u-groove drive roll. The
v-knurled drive roll may include teeth to dig into the cored wire 122 and help push the

cored wire 122 through the wire feeder unit 120 and wire conduit 126.

[0055] The u-groove drive roll may be suitable for cored wire 122 including
aluminum or other soft materials. The u-groove drive roll may avoid marring the
surface of the cored wire 122 or deforming or mashing the cored wire 122, which may
be particularly when using a soft cored wire (e.g. including aluminum). The u-groove
drive roll may feed the cored wire 122 while maintaining the shape of the cored wire

122 (e.g. round shape).

[0056] The design of the feed roll mechanism 144 may be selected based on
one or more properties of the cored wire 122. The drive roll may be selected based
on the size of the cored wire 122 (e.g. to match the size of the cored wire 122), to avoid

feeding problems.

[0057] The drive roll may include a drive roll tension. The drive roll tension
controls the tension of the drive roll. If the drive roll tension is set too tight, the cored
wire 122 may be deformed, causing problems. If the drive roll tension is set too loose,

the cored wire 122 may experience slippage.

[0058] The feed roll mechanism 144 may include a pressure roll. The pressure

roll may be of a size and type suitable for the cored wire 122 being fed.

[0059] The wire feeder unit 120 includes a motor 140. The motor 140 may be a
drive motor. The motor 140 supplies motive power to the wire feeding mechanism 132.
The motor 140 may supply motive power to one or more additional components of the

wire feeding subsystem 120.

[0060] The wire feeder unit 124 may include a potentiometer. The

potentiometer may be configured to adjust the wire feed rate. The potentiometer may

-8-
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be a ten-turn potentiometer. The potentiometer may include a toggle switch for
continuous or pulse wire feed operation. The wire feeder unit 124 may include a delay

start control and a wire retract control for automatic operation.

[0061] The wire feeder unit 124 includes a power source 142. The power source
142 supplies power to one or more electrical components of the wire feeding

subsystem 120, (e.g. motor 140, computing device 156).

[0062] The wire feeding subsystem 120 includes the wire conduit 126. The wire
conduit 126 includes a first end 144 and a second end 146. The wire conduit 126
includes a length of material 148 that travels from the first end 144 to the second end
146 of the wire conduit 126.

[0063] The first end 144 is connectable to the wire feeder unit 124. The first end
144 includes a wire inlet 150 for receiving the cored wire 122 from the wire feeder unit
124. The first end 144 may include a coupling mechanism for connecting the wire

conduit 126 to the wire feeder unit 124.

[0064] The second end 146 includes a wire outlet # for the cored wire 122 to
exit the wire conduit 126. The cored wire 122 exits the wire conduit 126 via the wire
outlet 152 and is delivered to the metal bath 106.

[0065] The wire conduit 126 may be a composed of a flexible material. The wire
conduit 126 may have a circular cross-section and a tubular structure. The wire conduit
126 may be a closed/sealed length of material have a tubular cross-section. The wire
conduit includes an outer material and an inner channel having dimensions sufficient
to accommodate the cored wire 122. The wire conduit 126 has dimensions suitable to
accommodate the cored wire 122. The wire conduit 126 may include a protective

coating on an outer surface of the wire conduit 126.

[0066] The wire conduit 126 may be fitted with a conduit liner. The conduit liner

may be replaceable. The conduit liner may be low-friction.
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[0067] In an embodiment, the wire conduit 126 may be a feed cable. The feed
cable may be similar in structure and function to a feed cable used with a cold wire

welding feeder.

[0068] The wire conduit 126 guides the cored wire 122 from the wire feeder unit
124 to the metal bath 106. The wire conduit may have an internal surface composition
that promotes movement of the cored wire 122 along the length of the wire conduit 126
as the cored wire 122 is fed along. For example, the internal surface of the wire conduit
126 may include a material or features that reduce friction between the cored wire 122

and the inner surface of the wire conduit 126.

[0069] The wire feeding subsystem 120 includes a control unit 154. The control
unit 154 (or a portion thereof) may be housed in the wire feeder unit 124. The control

unit 154 may include a solid-state control circuitry.

[0070] The wire feeding subsystem 120 includes a computing device 156. The
computing device 156 includes a processor and a memory. The computing device 156
may be in communication with one or more components of the system 100. The
computing device 156 may be in communication with the control unit 154. The
computing device 156 may implement a feedback mechanism for the system 100. For
example, the computing device 156 may be configured to analyze an amount of the

refining agent 102 added to the metal bath 106 via delivery of the cored wire 122.

[0071] The computing device 156 may determine whether the wire feed rate
(and thus the amount of cored wire 122 and amount of refining agent 102) of the wire
feeding subsystem 120 should be increased or decreased. The computing device 156
may calculate a wire feed rate change based on available data. For example, the
computing device 156 may calculate a change in wire feed rate based on a desired or
optimal amount of cored wire 122 (i.e. refining agent 102) to be added to the unrefined
molten metal 108. The computing device 156 may determine the change in wire feed
rate using data related to the known composition of the cored wire 122 (i.e. the amount

of refining agent per length of cored wire 122).

-10 -
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[0072] In some cases, the determination of a wire feed rate change by the
computing device 156 may trigger generation and presentation of a message to an
operator. The message may be presented via a user interface of the computing device
156. The message may inquire as to whether the wire feed rate should be changed
as determined. The computing device 156 may request authorization from the operator
to adjust the wire feed rate automatically. In other variations, the computing device
156 may provide a message regarding a wire feed rate change to an operator via the
user interface, for manual action by the operator (i.e. the operator manually adjusts the
wire feed rate based on the computing device 156 determination using the computing

device 156 or other mechanism).

[0073] The system 100 may include one or more sensors for providing sensor
data to the computing device 156. For example, the sensor may be attached to the
vessel 108 and configured to acquire data related to the amount of added refining
agent 102 and/or composition of the molten metal. The sensor data may be
transmitted to the computing device 156 and used in wire feed rate optimization

process by the computing device 156 (i.e. to determine a wire feed rate change).

[0074] The computing device 156 may be in communication with one or more
components of the system 100, such as the control unit 154. Communication between
the computing device and other components may be facilitated by a hardwire or
network connection (wireless or wired). When the computing device 156 determines
a wire feed rate change based on a wire feed rate optimization process, the computing
device 156 may transmit a signal to the control unit 154 to adjust the wire feed rate
according to the output of the optimization. The computing device 156 may transmit

the signal automatically or based on an input from the operator.

[0075] The system 100 may include a control interface. The control interface
may allow an operator to adjust the functioning of one or more components of the
system 100, such as the wire feeder unit 124. The control interface may be a physical
switch or similar device for manual operation. The control interface may be integrated

within a user interface provided via a computing device (e.g. computing device 156).

-11 -
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[0076] The system 100 may include a circulation means. The circulation means
may be attached to the vessel 104 or may be insertable into the vessel 104. The
circulation means is configured to circulate the molten metal of the metal bath 106 and
facilitate distribution of the refining agent 102. The circulation means may generate a
stirring action. The stirring action may generate improved thermal uniformity and
reaction efficiency for the refining agent 102. The circulation means may promote
mixing of the molten metal while avoiding vortexing (i.e. apply more mixing energy

without vortexing).

[0077] In an embodiment, the circulation means may include a spinning nozzle.
The spinning nozzle may work with a bottom rib to promote mixing without vortexing,

which may lead to improved reduction of impurities 110 by the system 100.

[0078] The system 100 includes the cored wire 122. The cored wire 122

includes the refining agent 102.

[0079] The cored wire 122 includes a core and an outer sheath material
surrounding the core. The outer sheath is composed of a consumable material. The
outer sheath of the cored wire 122 may be a tubular wire. The consumable material
may be a metal. The metal may be aluminum. The core includes a core fill material
including the refining agent 102. The core fill material is coupled to the outer sheath to
produce the cored wire 122. The core fill material may be thermocoupled to the outer
sheath.

[0080] Generally, when the cored wire 122 is added to the unrefined molten
metal 108, the outer sheath is consumed by the molten metal and the core fill material,
which includes the refining agent 102, is released. The refining agent 102 refines the
molten metal by reacting with the molten metal. The refining agent 102 reacting with
the molten metal causes the impurities 110 in the molten metal to become removable
from the metal bath (i.e. the impurity becomes separate or separable from the molten

metal).

[0081] The refining agent 102 may enhance degassing when introduced to the

unrefined molten metal 108. The refining agent 102 may be particularly beneficial for
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primary smelters casting aluminum and high-magnesium alloys and secondary
smelters casting aluminum and high-silicon alloys. The refining agent 102 may allow

achievable sodium levels of less than 1ppm in high magnesium aluminum alloys.

[0082] The refining agent 102 may be a salt. The salt may be a chloride salt.
The salt may be a binary salt of (anhydrous) MgClz with KCI or NaCl. The refining
agent 102 includes an active ingredient. The active ingredient may be MgCl.. The
refining agent 102 may be a granular mixture. The refining agent 102 may include

other blended salts.

[0083] The refining agent 102 may be a fused refining agent, such as a fused
salt. The fused refining agent may combine mixtures of potassium chloride and
anhydrous magnesium chloride to form a reactive eutectic salt. The fused refining
agent may combine mixtures of sodium chloride and anhydrous magnesium chloride
to form a reactive eutectic salt. Sodium chloride may be more readily available and
less subject to price fluctuations than potassium chloride, and thus may be preferable

to use in the refining agent 102.

[0084] The refining agent 102 may be a eutectic salt. Eutectic salts are
sometimes referred to as “phase changing salts” or phase-changing material. The
eutectic salt may form very regular crystalline molecular lattices in the solid phase. The
eutectic salt may change phase (melting or solidifying) at varying temperatures:
melting at one temperature and solidifying at another. The temperature range between
which the melting or solidification occurs may depend on the composition of the

eutectic salt.

[0085] The fused salt or fused refining agent can be contrasted with a cold
blended, non-fused salt. The fused salt may be a eutectic binary salt. The eutectic
binary salt melts at a lower temperature than its individual raw components (e.g. NaCl,
MgClz, or KCI salts). For example, while a cold blend of MgCl. and KCI may melt
completely at around 771C, a fused mixture of the two salts (KMgClz) may have a

melting temperature of 483C.
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[0086] The high melt temperature and small sieve sizes of cold blended
mixtures may cause floatation and skimming of solid crystals before they are allowed
to react. Other cold blended crystals of MgClz can stick to stick to furnace walls,
causing oxidation and the release of HCl and MgO. A cold-blended salt relies on
“finding” all reaction components before it can effectively remove impurities through
the described chemical reactions. The refining agent 102 may already have its reaction

species fused together and can react as soon as it contacts an inclusive species.

[0087] Once the eutectic salt is crushed, one or more other salts may be blended
into the crushed eutectic salt. The resulting salt may be considered a tertiary salt or
tertiary salt mix. The one or more other salts may include potassium aluminum fluoride
(PAF) and/or Aluminum Fluoride (AlF).

[0088] In an embodiment, the refining agent 102 may be a binary salt including
MgK2Cls, KsMg2Clz. MgK2Cls, KsMg2Clz may have a melting point of 810F. MgK2Cls,
KsMg2Clz may have an MgClz of 43% and a KCI of 57%.

[0089] In another embodiment, the refining agent 102 may be a binary salt
including MgNaCls. MgNaCls may have a melting point of 865F. MgNaCls may have

a MgClz of minimum 55% and a NaCl of maximum 45%.

[0090] In another embodiment, the refining agent 102 may be a binary salt
including KMgClz. KMgCls may have a melting point of 901F. KMgCls may have a
MgClz of 60% and a KCI of 40%. The KMgCls may include MgClz and KCI in any

eutectic combination.

[0091] In another embodiment, the refining agent 102 may include be a tertiary
salt mix. The tertiary salt mix may include a first binary salt (e.g. KMgCls, MgNaCls,
MgK2Cls, KsMg2Cl7) blended with a single salt or second binary salt (e.g. AIF, PAF).

[0092] In some cases, the refining agent 102 may be a refining agent used in

prior art existing metal treatment systems such as rotor injectors and pump systems.

[0093] Advantageously, the system 100 allows the amount of refining agent 102

delivered to the unrefined molten metal 108 to be tightly controlled because the cored
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wire 122 has a known quantity of refining agent 102 per length of wire and the refining

agent 102 has a known composition.

[0094] The refining agent 102 is distributed within the metal bath 106. The
degree to which the refining agent 102 is distributed may determine how well the

refining agent 102 reacts with the molten metal.

[0095] The refining agent 102 may have a reaction efficiency. A 100% reaction
efficiency indicates that every gram of refining agent 102 has reacted with a
proportional weight of impurity (e.g. alkali metal 158) in the melt due to collision and

full reaction with the impurity particulates (e.g. alkali particulates).

[0096] The impurities 110 may include a dissolved alkali metal 158. The alkali
metal 158 may be sodium, calcium, or lithium. When added to the unrefined molten
metal 108, the refining agent 102 initiates molecular collisions between the liquid
refining agent and the alkali metal 158 (e.g. sodium, lithium and calcium), leading to
chemical reactions that consume the alkali metal 158 from the melt. New species are
produced via the chemical reactions. The new species are chemically stable in the
molten metal and float to the surface. The new species (i.e. impurity) can be skimmed

from the surface of the metal bath 106 along with other impurities 110.

[0097] Removal of the Alkali metal 158 from the molten metal may include the
dissolved alkali metals reacting with Cl (or flux) in the bubbles to form a liquid chloride
salt. The liquid chloride salt may be miscible and dispersed in the metal bath 106. The
liquid chloride salt is floated out of the metal bath 106 by the bubbles. Liquid salts (e.qg.
MgCl) if created can carry downstream and cause quality/casting problems. Excess
chlorine may also react with Aland Mg present in the molten metal. Clwith Al produces

white smoke. CI with Mg produces MgClz.

[0098] The removal of alkalis 158 from the molten metal occurs based on

reactions between the alkalis 158 and the refining agent 102 (i.e. the active ingredient).
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[0099] In an embodiment, the active ingredient of the refining agent 102 is

MgClz. The reactions including MgCl2 are outlined below:

2 Na 2 NaCl (1)

MgCL () + Ca — Mg (1) + CaCl, (s)
Li LiCl, (1)
[0100] Thermodynamic properties of each refining agent 102 reaction with alkali
metals (Na, Li, Ca) are listed below. A negative change in Gibb’s free energy (G),
measure in joules, indicates that each reaction is naturally spontaneous at melt
temperatures. The largely negative value of the Gibb’s free energy change and the

largely positive equilibrium constant Keq for the reactions indicate that they are very

likely to occur, and that the reverse reactions are very unlikely to occur:

[0101] Sodium reaction with MgClz:
Sodium reaction with MgCl, at 1000 K (727 C):
2 Na (liquid) + MgCl, (liquid) = 2 NaCl (solid) + Mg (liquid)
AG (Joules)=-155062.4 Keq=1.2573E+08
[0102] Lithium reaction with MgClI2:
Lithium reaction with MgCl, at 1000 K (727 C):
2 Li (liquid) + MgCl, (liquid} = 2 LiCl (liquid} + Mg (liquid)

AG (Joules)=-176290.5 Keq=1.6152E+09
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[0103] Calcium reaction with MgCI2:

Calciumreaction with MgCl, at 1000 K {727 C):
Ca (solid) + MgCl, (liguid) = CaCl, {solid) + Mg (liquid)

AG (Joules)=-159019.3 Keq = 2.0235E+08

[0104] The system 100 may reduce alkali metal 158 (Na, Li, Ca) concentrations
to acceptable levels. Problems associated with alkali metals include edge cracking,
bar/rod breaks, speed cracking, metal sticking at T-plate. The system 100 may be
configured to reduce alkali metal 158 concentrations to less than 5 ppm for each alkali

and less than or equal to 1ppm for Na for slab applications.

[0105] The impurities 110 may include a non-metallic inclusion 160. The non-
metallic inclusion 160 may be a suspended, non-wetted inclusion. The non-metallic

inclusion 160 may be an oxide, a carbide, or a boride.

[0106] The refining agent 102 may initiate molecular collisions with non-metallic
inclusions 160 (oxides, carbides, and borides) or hydrogen cause the inclusion transfer
to the liquid refining agent 102 due to the inclusion-concentration differences between
the liquid droplet of refining agent 102, inclusions 160 will agglomerate and eventually
float to the surface dross layer where the inclusions 160 can be collected. For these
reasons, the refining agent 102 may be used to replace directly injection species like

chlorine (Cl2) or argon (Ar) when used for inclusion 160 removal.

[0107] The system 100 may be designed to achieve a target of greater than 50%
removal of non-wetted inclusions 160. With the addition of a small amount of chlorine
(less than 1% of the argon process gas flowrate), 50-90% removal of all non-wetted
inclusions 160 (e.g. oxide films) is achievable. The system 100 may include or provide
results to a downstream filtration operation for best inclusion 160 removal. Without
chlorine of flux, removal of inclusions 160 can be highly variable, including as low as

10% removal of all non-wetted inclusions 160 greater than 15 um.
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[0108] The impurities may include hydrogen gas 162. The hydrogen gas 162 is
dissolved in the unrefined molten metal 108. The hydrogen gas 162 may be removed
according to a hydrogen degassing process initiated by the refining agent 102. The
reduction of hydrogen 162 in the liquid metal may minimize porosity (formation of tiny
bubbles of gas in the cast product). The presence of hydrogen 162 can cause
problems with the surface quality of the cast produced from the molten metal. The
reduction of hydrogen 162 in the liquid metal may increase the mechanical properties
of the cast. The reduction of hydrogen 162 in the liquid metal may increase the
corrosion resistance of the cast. The reduction of hydrogen 162 in the liquid metal may
increase the strength of the cast. The system 100 may operate to reduce the level of
hydrogen 162 in the molten metal to a specified target. The target may be 0.10 ml of
H/100g of molten metal (e.g. 0.10 ml of H/100g of Al).

[0109] In some cases, the system 100 may be designed to achieve certain
targets for dissolved hydrogen 162. The target may depend on the eventual use. For
example, targets may include less than 0.15ml/100g Al for extrusion billets and
continuous rod, less than 0.12ml/100g Al for rolling slabs, and less than 0.10mI/100g

Al for aerospace aluminum and Al-Li applications.

[0110] The system 100 removes hydrogen 162 from the molten metal by
introducing the refining agent 102. The refining agent 102 may include an inert gas.
The inert gas may be argon. The inert gas may be nitrogen. The refining agent 102
components react with the molten metal (e.g. aluminum) to form a liquid compound

including the metal (e.g. aluminum) and the inert gas.

[0111] The argon bubbles act as a sink for dissolved hydrogen 162. The
bubbles carry the hydrogen 162 to the surface of the molten melt and release the
hydrogen into the furnace headspace (the inert atmosphere). The dissolved hydrogen
162 is desorbed into the gas bubble as the bubble rises to the surface of the molten
metal. The gas is bubbling and rises through the molten metal. Partial pressure of
hydrogen in the formed bubbles is very low. Therefore, the hydrogen 162 diffuses from
the molten metal (e.g. aluminum) into the bubbles. The bubbles escape from the metal

bath 106 and then gas escapes. The gas may be removed by an exhaust system.
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[0112] The system 100 may be a proportional removal apparatus. The system
100 may remove a percentage of the incoming inclusions. In some cases, the system
100 may be connected to or otherwise provide output to a filtration stage. The filtration
stage may be ceramic foam, deep bed, MCF cartridge, or the like. The filtration stage
may be required to meet specific inclusion removal targets as measured by PoDFA or
LIMCA.

[0113] Referring now to FIG. 2, shown therein is a perspective cross-section

view of the cored wire 122 of Figure 1, according to an embodiment.

[0114] The cored wire 122 includes an outer sheath material 202. The outer
sheath 202 has a tubular cross section 204. The outer sheath material 302 is
consumable. The cored wire has a diameter 210 and a length 212. The cored wire
122 may be a single, cylindrical, flexible strand. The cored wire 122 may have a

cylindrical cross section.

[0115] The cored wire 122 includes a core fill material 208 making up the core
of the cored wire 122. The core fill material 208 is coupled to the outer sheath material
202. The core fill material 208 may be thermocoupled to the outer sheath 202. The

core fill material 208 includes the refining agent 102.

[0116] Upon delivery of the cored wire 122 to the metal bath, the outer sheath
202 is consumed by the molten metal, which releases the core fill material 208
including the refining agent 102. The refining agent 102 reacts with the unrefined

molten metal 108.

[0117] The refining agent 102 may be a fused refining agent (e.g. fused salt).
The core fill material 208 including the fused refining agent 102 may be manufactured
by dry mixing the raw materials together. The dry mixture can be fused or melted into
a homogeneous liquid state by using a high temperature furnace. Once fusion is
complete, the liquid refining agent can be cooled until solid. The fused refining agent
may be cooled by chill blocks. Once the fused refining agent is cooled, the cooled

fused refining agent 102 can be crushed or ground into particles of a desired
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granularity. The size of the particles may be designed to suit the intended use of the

refining agent 102.

[0118] Referring now to Figure 3, shown therein is a flowchart of a method 300
of manufacturing a cored wire for removing impurities in a molten metal (e.g. molten
metal of Figure 1), according to an embodiment. The cored wire can be used in a
metal treatment system (e.g. metal treatment system 100 of Figure 1). The cored wire

may be cored wire 122 of Figure 1.

[0119] At 304, a length of outer sheathing material (e.g. outer sheath 202 of
Figure 2) is provided. The outer sheath material is consumable (i.e. consumable by
the molten metal). The outer sheath may be a consumable metal. The consumable
metal may be aluminum. The consumable material may be selected for a particular
application (i.e. particular metal bath to which is will be added). The outer sheath may
be any suitable alloy or non-alloy to perform as a consumable filler metal. The raw
material/metal stock may be a billet. The billet may be pulled or pushed through

several dies to produce wire.

[0120] The outer sheath material protects the inner core of the wire (including
the refining agent) during delivery or feeding of the cored wire. The cored wire is
designed and manufactured such that the cored wire maintains its structure throughout
the feeding process (and any prior steps such as transport etc.) and is consumed upon

delivery of the cored wire to the metal bath.

[0121] The outer sheath may be worked into an appropriate shape for
subsequent steps of the method 300. In some cases, the outer sheath may already
have a shape suitable to receive the core fill material. The outer sheath material may

have a tubular shape or u-shape.

[0122] At 308, a core fill material (e.g. core fill material 208 of Figure 2) is applied
to the outer sheath material. The core fill material includes a refining agent (e.g.
refining agent 102 of Figure 1). The refining agent may be a fused refining agent. The

core fill material may be a ground or crushed mixture.
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[0123] At 312, if necessary, the outer sheath is sealed to close the cored wire
and form a filled tube. Sealing the outer sheath may not be necessary where the outer

sheath material at 304 is provided as or worked into a closed tube.

[0124] At 316, the filled tube is formed into a final dimension. The filled tube
may be formed into the final dimension using a drawing or extrusion process. Drawing
and extruding are metal working processes using tensile forces to change the form of
the wireffilled tube by either pulling (draw) or pushing (extrude) the cored wire through

a die of a desired cross section to create a cored wire of a fixed cross-sectional profile.

[0125] The method 300 may use a rolling or drawing process for working cored
wire material (sheath material, sheath material including core fill material, or cored
wire) into a desired shape. The material may be worked into a tube shape. The rolling
process may include a rolling mill. The rolling process may include passing the
material through one or more pairs of rolls to reduce the thickness and to make the

thickness uniform.

[0126] The cored wire may be drawn in a number of steps by pulling the cored
wire through a hole in a die or draw plate as the die is continually reduced in diameter

until the correct size is produced.

[0127] The drawing may be done at room temperature (i.e. a cold working
process). The drawing may be performed at elevated temperatures to hot work large

wires and rods or hollow sections in order to reduce forces.

[0128] The drawing uses tensile forces to stretch the material of the cored wire.
As the cored wire is drawn (pulled), the cored wire stretches thinner, into a desired

shape and thickness.

[0129] The raw starting material for the cored wire (i.e. the outer sheath material)
may be drawn through a die to reduce the diameter and increase the length of the raw
material. The drawing may be performed at room temperature (i.e. acold
working process) The drawing may be performed at elevated temperatures to hot

work larger cored wires. The die may be mounted on a draw bench. The end of the
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workpiece may be reduced or pointed to get the end through the die. The end may be

placed in grips and the rest of the workpiece pulled through the die.

[0130] The drawing process may be used to produce a flexible metal wire (i.e.
the cored wire) by drawing the material through a series of dies of decreasing size.
The dies may be manufactured from a number of materials, such as tungsten
carbide and diamond. A single crystal diamond die may be used for drawing very fine

cored wire.

[0131] The wire drawing process reduces the cross-section of the cored wire by
pulling the cored wire through one or more drawing dies. The cored wire may be
prepared by shrinking the beginning of the cored wire, by hammering, filing, rolling
or swaging, so that the beginning of the cored wire will fit through the die. The cored
wire is pulled through the die. As the cored wire is pulled through the die, the volume
of the cored wire remains the same, so as the diameter decreases, the length
increases. The cored wire may require more than one draw, through successively
smaller dies, to reach the desired size. The American wire gauge scale is based on
this. The drawing process may be performed on a small scale with a draw plate, or on

a large commercial scale using automated machinery.

[0132] For hot drawing, cast-steel dies may be used. For steel wire drawing, a
tungsten carbide die may be used. The dies may be placed in a steel casing, which
backs the die and allows for easy die changes. Die angles may range from 6-15°.
Each die may have at least 2 different angles: an entering angle and an approach

angle.

[0133] The cored wire may be folded or seamless. The folded cored wire may

be more efficient. The seamless cored wire may prevent moisture pickup.

[0134] Referring now to Figure 4, shown therein is a method 400 of
manufacturing a seamed/folded cored wire, according to an embodiment. Method 400
is a variation of the general manufacturing method 300 of Figure 3. The cored wire is
for use in a metal treatment system (e.g. metal treatment system 100 of Figure 1). The

cored wire may be cored wire 122 of Figure 1.
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[0135] At 404, a sheathing material (e.g. sheathing material 202 of Figure 2) is
worked into a U-shape (i.e. wire having a U-shape cross-section). The U-shape acts
as a reservoir for core fill material (including the refining agent) along the length of the
sheathing material. The sheathing material provides an outer layer casing for the cored
wire. The U-shape may include a flap at each end of the “U” to assist in facilitating

closure of the cored wire.

[0136] At 408, a core fill material (e.g. core material 208 of Figure 2) is deposited
into the U-shaped sheath material along the length. The core fill material may be held
in a core fill material reservoir. The core fill material includes a refining agent (e.qg.
refining agent 102 of Figure 1). To deposit the core fill material, the U-shaped
sheathing material may be moved relative core fill material reservoir. Relative
movement may be effected by moving the core fill material reservoir, the outer
sheathing material, or both. Depositing the core fill material may include a continuous
filling of the sheath with a powder mixture. The deposited core fill material may be

thermocoupled to the outer sheath.

[0137] At 412, the length of U-shaped sheathing material containing the core fill
material is worked into a tube shape. Working into a tube shape may include forming
a cylinder/tube with the U-shaped sheath material by rolling/folding a first end of the
“U” over a second end of the “U” such that the first end overlaps the second end to
produce a portion of overlapped sheathing material including material from the first and

second ends.

[0138] At 416, the cored wire having a tube shape is sealed. Sealing may
include sealing overlapped portions of the first and second ends of sheathing material
to close the tube. The sealing may include the application of heath to the tube and/or
the overlapped portions of sheathing material. The sealing/closing may include the

use of rolling equipment.

[0139] At 420, the sealed cored wire having a tubular shape is formed/worked
to a final dimension. The sealed cored wire may be worked using a drawing and/or

rolling process. The cored wire having a final dimension may be wound onto a coil.
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[0140] Referring now to Figure 5, shown therein is a flowchart of a method 500
of manufacturing a seamless cored wire, according to an embodiment. Method 500 is
a variation of the general manufacturing method 300 of Figure 3. The cored wire is for
use in a metal treatment system (e.g. metal treatment system 100 of Figure 1). The

cored wire may be cored wire 122 of Figure 1.

[0141] At 504, raw material is provided. The raw material will be used as the
outer sheath material for the cored wire. The raw material may be a non-alloy strip
material. The outer sheath material is formed into a tube shape. The tube-shaped

sheath may be formed/produced using a high-frequency welding process.

[0142] The inside of the tube-shaped sheath may be cleaned. The tube-shaped

sheath may be subjected to heat treatment. Heat treatment may be done in a furnace.

[0143] At 508, a core fill material including the refining agent (e.g. refining agent
102 of Figure 1) is deposited into the tube-shaped outer sheath. The core fill material

may be a powder mixture including the refining agent.

[0144] The core material may be deposited into the tube using vibration. In an
embodiment, a vibrating table may be used to fill the tube with a specified amount of

the powder mixture. The filled tube may be pre-drawn to a specified diameter

[0145] At 512, the tube of outer sheath material containing the core fill material
is treated with heat to produce the cored wire. The core fill material may be

thermocouple to the outer sheath.

[0146] At 516, the cored wire is drawn to a final dimension (diameter). The

cored wire may be coated with a material. The cored wire may be wound onto a coil.

[0147] While the above description provides examples of one or more
apparatus, methods, or systems, it will be appreciated that other apparatus, methods,
or systems may be within the scope of the claims as interpreted by one of skill in the
art.
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Claims:

1. A metal treatment system, comprising:

a wire feeding subsystem; and

a cored wire;

wherein the wire feeding subsystem feeds the cored wire into a metal bath at a

controlled wire feed rate, and wherein the metal bath comprises a molten metal;

wherein the cored wire comprises:

a consumable outer sheath having a tubular cross section; and

a core fill material coupled to an inner surface of the outer sheath,
wherein the core fill material comprises a refining agent for refining the

molten metal; and

wherein the refining agent reacts with the molten metal, thereby causing an

impurity to be removable from the metal bath.

2. The system of claim 1, wherein the molten metal is aluminum.

3. The system of claim 1, wherein the refining agent is a salt.

4. The system of claim 3, wherein the salt is a eutectic salt.

5. The system of claim 3, wherein the salt is a chloride salt.

6. The system of claim 3, wherein the salt is a binary salt comprising MgClz.

7. The system of claim 6, wherein the binary salt further comprises KCI or NaCl.
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11.

12.

13.

14.

15.
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The system of claim 3, wherein the salt is a tertiary salt mix.

The system of claim 8, wherein the tertiary salt mix comprises aluminum fluoride

or potassium aluminum fluoride.

The system of claim 1, wherein the impurity is at least one of hydrogen gas, a

non-metallic inclusion, or an alkali metal.

The system of claim 10, wherein the non-metallic inclusion is an oxide, a boride,

or a carbide.

The system of claim 10, wherein the alkali metal is sodium, lithium, or calcium.

A metal treatment method comprising:

providing a metal bath comprising a molten metal;

feeding a cored wire into the metal bath at a controlled wire feed rate, wherein

the cored wire comprises:

a consumable metal sheath having a tubular cross section; and

a core fill material coupled to an inner surface of the sheath, wherein the

core fill material comprises a refining agent for refining the molten metal;

reacting the refining agent with the molten metal, thereby causing an impurity in

the molten metal to be removable from the metal bath.

The method of claim 13, further comprising monitoring the amount of refining

agent added to the molten metal.

A cored wire for refining a molten metal, the cored wire comprising:
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17.

18.

19.

20.
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a consumable metal sheath comprising a tubular cross-section; and

a core fill material coupled to an inner surface of the tubular wire to form the
cored wired, wherein the core fill material comprises a refining agent for refining
the molten metal, and wherein the refining agent reacts with the molten metal,

thereby causing an impurity to become removable form the molten metal.

The cored wire of claim 15, wherein the molten metal is aluminum.

The cored wire of claim 15, wherein the refining agent is a salt.

The cored wire of claim 17, wherein the salt is a binary salt.

The cored wire of claim 17, wherein the salt is a tertiary salt mix.

A wire feeding subsystem adapted to feed the cored wire of claim 15 to the

molten metal.
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