EP 4 019 162 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 4 019 162 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
29.06.2022 Bulletin 2022/26

(21) Application number: 20020646.4

(22) Date of filing: 23.12.2020

(51) International Patent Classification (IPC):
B22D 41/50 (2006.01) B22D 41/58 (2006.01)
B22D 41/60 (2006.07) B22D 46/00 (2006.07)
B22F 9/08 (2006.01)

(562) Cooperative Patent Classification (CPC):

B22D 41/50; B22D 41/58; B22D 41/60;
B22D 46/00; B22F 2009/0848

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: Linde GmbH
82049 Pullach (DE)

(72) Inventors:

¢ Hibbitt, lan

Hulland., Derbyshire DE6 3 FJ (GB)
¢ Howard, Charlie

Sheffield, S37ER (GB)

(74) Representative: Gellner, Bernd

Linde GmbH

Intellectual Property EMEA
Dr.-Carl-von-Linde-StraRe 6-14
82049 Pullach (DE)

(54) METHOD AND SYSTEM FOR PROVIDING MOLTEN METAL

(67)  The present invention relates to a method and
to a system (100) for providing molten metal, comprising
a source (110) of molten metal configured to pour a flow
(115) of molten metal out of an outlet (112) of the source
(110) of molten metal, a receptacle (120) having an inlet
(122) for receiving said flow (115) of molten metal, a

116

channel (130) for guiding said flow (115) of molten metal
from the outlet (112) of the source (110) of molten metal
to the inlet (122) of the receptacle (120), the channel
(130) being configured to provide a flow (135) of inert
gas into the channel (130) for inerting the flow (115) of
molten metal.
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Description
Technical field

[0001] The present invention relates to a method and
to a system for providing molten metal, a flow of molten
metal being poured from a source of molten metal into a
receptacle.

Prior art

[0002] In processes for producing metallic powder,
molten metal or, more particularly, a molten metal alloy
is transferred to a tundish from where it is delivered to
an atomizer for atomizing the molten metal alloy by gas
or water to generate metallic powder. The transfer of the
molten metal alloy to the tundish prior to the atomization
process is carried out by pouring the molten metal alloy
through the air. This, however, allows the alloy to pick up
oxygen from the surrounding atmosphere causing unde-
sirable changes to the alloy chemistry. The resulting
changes may produce increased slag formation in the
tundish, which may resultin blockages of the atomization
nozzles in the atomizer which in turn reduces the effi-
ciency of the process and increases the waste of material.
[0003] Currently, in many foundries, molten metal is
poured through the air from the furnace into a mold or
into a tundish. During the pour, the metal oxidizes with
the air. This causes an undesirable change in the quality
of the metal received in the mold or tundish. In addition,
metal oxide may build up on the lining of the tundish which
could result in the tundish nozzle becoming blocked.

Brief description of the invention

[0004] In view of the above drawbacks and disadvan-
tages in the prior art, there is a need of improving the
method of providing molten metal by pouring a flow of
molten metal from a source of molten metal into a recep-
tacle, particularly in casting processes or in processes
of producing metallic powder.

[0005] The present invention provides a method and
a system for providing a flow of molten metal into a re-
ceptacle according to the independent claims. Advanta-
geous embodiments are the subject-matter of the respec-
tive dependent claims and the description as follows.

Advantages of the present invention

[0006] The present invention suggests a method of
providing molten metal, wherein a flow of molten metal
is poured from a source of molten metalinto a receptacle.
In this method, a channel (or duct, or conduit) is provided
for guiding the flow of molten metal from an outlet of the
source of molten metal to an inlet of the receptacle. Fur-
ther, a flow of inert gas is provided inside the channel for
inerting the flow of molten metal.

[0007] Advantageously, the channel or duct or conduit
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through which the flow of molten metal is guided, is cir-
cumferentially closed or almost closed as described fur-
ther below. Alternatively, the channel can have an es-
sentially semicircular form and be made of a refractory
material for guiding a flow of molten metal, means for
providing the flow of inert gas being provided at the open
side of the channel directing the flow of inert gas onto
the flow of molten metal. Without loss of generality, and
only by way of example, the present invention is de-
scribed in the following on the basis of a circumferentially
almost closed channel having openings or apertures de-
signed for supplying flows of inert gas into the interior of
the channel and/or for supplying means for pre-heating
the interior of the channel as will be described below.
[0008] By introducing a flow of inert gas inside the
channel, the flow of molten metal is rendered inert as any
air, particularly oxygen, is removed from the inside of the
channel. Thus, the invention reduces the oxidation of
molten metal during the pouring process and thus over-
comes the disadvantages of the prior art.

[0009] Inapreferred embodiment, the step of providing
a flow of inert gas comprises delivering an inert gas
through nozzles arranged along the length of the chan-
nel, particularly along an upper side of the channel. While
a single nozzle arranged at the inlet side of the channel
may be sufficient, it is preferred to arrange a plurality of
nozzles along the length of the channel. As the flow of
molten metal covers the lower side of the channel, it is
preferred to arrange the nozzles along the upper side of
the channel. Preferably, the interior of the channel is ren-
dered inert prior to the pouring step.

[0010] In another preferred embodiment, the method
comprises the step of pre-heating the channel prior to
pouring the molten metal out of the source of molten met-
al. The step of pre-heating prevents the onset of solidifi-
cation and enables a steady flow of molten metal through
the channel. Furthermore, the step of pre-heating is pref-
erably performed by using burner flames generated by
burners located along the length of the channel. As burn-
er flames reduce the presence of oxygen inside the chan-
nel, the step of pre-heating includes the step of rendering
inert the interior of the channel before starting pouring
molten metal into the channel.

[0011] In a particularly preferred embodiment, burner
nozzles of the burners used for pre-heating can be used
for delivering inert gas inside the channel. In this embod-
iment the effort can be reduced and the efficiency of the
system can be improved.

[0012] Preferably, argon, nitrogen or a combination of
these gases can be used as the inert gas.

[0013] In another preferred embodiment, the method
automatically switches from the step of pre-heating to
the step of inerting by detecting the presence of molten
metal in the channel. To this end, the channel orthe outlet
of the source of molten metal may comprise a sensor for
detecting the flow of molten metal being poured out of
the outlet of the source of molten metal. The method can
switch from pre-heating to inerting by starting to provide
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a flow of inert gas inside the channel. This switching step
is preferably done by means of a control unit connected
to the sensor. If burners are used for both pre-heating
and delivering the flow of inert gas, the control unit is
preferably also connected to the burners or to the con-
duits supplying the burners with the gases required for
pre-heating and delivering inert gas.

[0014] The present invention is particularly useful in
furnaces for melting metal, particularly a metal alloy,
where molten metal/metal alloy is poured in a tundish
which latter is particularly connected to an atomizer for
producing metallic powder.

[0015] Theinvention further relates to a system for pro-
viding molten metal, comprising a source of molten metal
configured to pour a flow of molten metal out of an outlet
of the source of molten metal, further comprising a re-
ceptacle having an inlet for receiving said flow of molten
metal, and a channel (or a duct, or a conduit) for guiding
said flow from the outlet of the source of molten metal to
the inlet of the receptacle, the channel being configured
to provide a flow of inert gas into the channel for inerting
the flow of molten metal.

[0016] Features and embodiments of the system can
be derived from the features and embodiments of the
method according to the present invention as described
above. Therefore, only the essential embodiments and
features are described below.

[0017] In a preferred embodiment, the channel com-
prises (one or more) nozzles for delivering inert gas ar-
ranged along the length of the channel, particularly along
an upper side of the channel.

[0018] In another preferred embodiment, the channel
comprises (one or more) burners located (at or) along
the length of the channel, particularly again along an up-
per side of the channel. The burners are configured for
pre-heating the channel before the step of pouring molten
metal inside the channel.

[0019] Inaparticularly advantageous embodiment, the
burner nozzles are configured not only to deliver the flows
of air/oxygen and fuel for the burning process but also to
deliver the flow of inert gas.

[0020] In the following, preferred embodiments of the
invention are described in connection with the figures. It
should be noted that features of the invention as de-
scribed herein can also be combined to other combina-
tions as long as covered by the present invention as de-
fined by the appended claims.

Brief description of the figures

[0021]

Figure 1  schematically shows the process of pouring
molten metal from a source of molten metal
into a receptacle according to the prior art;
and

Figure 2  schematically shows the process of pouring

molten metal from a source of molten metal
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into a receptacle according to a preferred
embodiment of the present invention.

Detailed description of the invention

[0022] Figure 1 schematically shows a furnace 110 as
a source of molten metal, the furnace 110 being used for
melting a metal, particularly a metal alloy, the furnace
having a lid 116 and an outlet 112 for pouring the molten
metal out of the furnace 110. Hitherto, a flow 115 of mol-
ten metal is poured through the air from the furnace 110
into a mold or into a tundish 120 as depicted in Figure 1.
In an atomization process, the bottom of the tundish 120
is connected to an atomizer for atomizing the molten met-
al alloy by gas or water to generate metallic powder. As
the flow 115 of molten metal comes into contact with ox-
ygen of the surrounding atmosphere, oxidation of molten
metal occurs resulting in undesirable changes to the alloy
chemistry. This increases slag formation in the tundish
120, which may result in blockages of the atomization
nozzles in the atomizer which is connected to the tundish
120. Additionally, metal oxide may build up on the lining
of the tundish 120 (or of a mold) which could resultin the
tundish nozzle becoming blocked.

[0023] Figure 2 schematically shows an embodiment
of asystem 100 according to the presentinvention. Same
reference signs refer to the same components as in Fig-
ure 1. Insofar reference to the comments in connection
with Figure 1 is made. As can be seen from Figure 2, a
channel 130 in the form of a duct or conduit is provided
for guiding the flow 115 of molten metal from the outlet
112 of the furnace 110 to the inlet 122 of the receptacle
or tundish 120. In this embodiment, apart from the top
part of the channel 130, the channel 130 is circumferen-
tially closed. This avoids intrusion of oxygen from the
surrounding atmosphere. The channel 130 comprises
nozzles 132 along the length of the channel 130, the noz-
zles 132 being arranged on the upper side of the channel
130 to permit an undisturbed flow 115 of molten metal
through the channel into the tundish 120.

[0024] Throughthe nozzles 132, inertgasisintroduced
into the interior of the channel 130 during the pouring
process. Argon is used in this embodiment as inert gas.
[0025] Inapreferred embodiment, burners (notshown)
are arranged along the length of the channel 130, the
burners having burner nozzles for providing flows of ox-
ygen/air and fuel for producing flames inside the channel
130. The burner flames are used for pre-heating the in-
side of the channel 130 prior to the pouring step. This
prevents the onset of solidification and thus enables a
steady flow 115 of molten metal through the channel 130.
At the same time, this serves to pre-inert the inside of
the channel 130. A sensor 134 is arranged at the inlet of
the channel 130 for detecting a flow 115 of molten metal.
As soon as a flow 115 of molten metal is detected by the
sensor 134, the process of pre-heating is switched to
inerting. This can be controlled by a control unit 136 con-
nected to the sensor 134. The control unit 136 receives
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a signal from the sensor 134 that a flow 115 of molten
metal is present. The control unit 136 then controls the
burner nozzles to deliver inert gas instead of air/oxygen
or fuel into the channel 130. Thus, the burner nozzles
can be used both for pre-heating and inerting.

[0026] The system 100 shown in Figure 2 prevents un-
desirable changes of the alloy chemistry as well as for-
mation of slag and metal oxides in the tundish 120.

Claims

1. A method of providing molten metal, wherein a flow
(115) of molten metal is poured from a source (110)
of molten metal into a receptacle (120),
and wherein a channel (130) is provided for guiding
the flow (115) of molten metal from an outlet (112)
of the source (110) of molten metal to an inlet (122)
of the receptacle,
and a flow (135) of inert gas is provided inside said
channel (130) for inerting the flow (115) of molten
metal.

2. The method of claim 1, wherein the step of providing
a flow of inert gas comprises delivering an inert gas
through one or more nozzles (132) arranged along
the length of the channel (130), particularly along an
upper side of the channel (130).

3. Themethod of claim 1 or 2, wherein the method com-
prises pre-heating the channel (130) prior to pouring
the molten metal out from the source (110) of molten
metal.

4. The method of claim 3, wherein the step of pre-heat-
ing comprises using one or more burner flames for
pre-heating, said burner flames being generated by
burners located along the length of the channel
(130).

5. The method of claims 4 and 2, wherein burner noz-
zles of the burners are used for delivering the inert
gas inside the channel (130).

6. The method of any one of the preceding claims,
wherein argon, nitrogen or a combination whereof is
used as the inert gas.

7. The method of any one of the preceding claims as
far as referring back to claim 3, wherein the method
automatically switches from the step of pre-heating
to the step of inerting by detecting the presence of
molten metal in the channel (130).

8. The method of any one of the preceding claims,
wherein a furnace for melting metal is used as the
source (110) of molten metal, and a tundish is used
as the receptacle (120), wherein the tundish is par-
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10.

1.

12.

13.

14.

ticularly connected to an atomizer for producing me-
tallic powder.

A system (100) for providing molten metal, compris-
ing

a source (110) of molten metal configured to pour a
flow (115) of molten metal out of an outlet (112) of
the source (110) of molten metal,

areceptacle (120) having an inlet (122) for receiving
said flow (115) of molten metal,

a channel (130) for guiding said flow (115) of molten
metal from the outlet (112) of the source (110) of
molten metal to the inlet (122) of the receptacle (120),
the channel (130) being configured to provide a flow
(135) of inert gas into the channel (130) for inerting
the flow (115) of molten metal.

The system (100) of claim 9, wherein the channel
(130) comprises at least one nozzle (132) arranged
along the length of the channel (130), particularly
along an upper side of the channel (130), for deliv-
ering the inert gas.

The system (100) of claim 9 or 10, wherein the chan-
nel (130) comprises at least one burner located at
or along the length of the channel (130) for pre-heat-
ing the channel (130).

The system (100) of claim 11, wherein one or more
burner nozzles of the at least one burner are config-
ured to deliver the flow of inert gas.

The system (100) of any one of claims 9to 12, where-
in the channel (130) and/or the outlet (112) of the
source (110) of molten metal comprises a sensor
(134) for detecting the flow (115) of molten metal
being poured out of the outlet (112) of the source
(110) of molten metal.

The system (100) of claim 13, comprising a control
unit (136) connected to the sensor (134) for auto-
matically providing a flow of inert gas when the sen-
sor (134) detects the flow (115) of molten metal.
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