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(54) Bottom pour electroslag refining systems with controlled electric current path

(57) A bottom pour electroslag refining system (50)
refines raw material into refined liquid metal. The bottom
pour electroslag refining system (50) comprises an elec-
troslag refining crucible (18); a slag (14); a bottom pour
structure (12) that comprises an orifice (13) from which
refined liquid metal from the electroslag refining crucible
(18) can flow as a stream (25) of refined liquid metal;
and a current path (27). The current path (27) is defined
in the bottom pour electroslag refining system (50) for
applying current to the raw material for melting and re-
fining the raw material. The melted and refined raw ma-
terial forms a refined liquid metal pool (15) in the elec-
troslag refining crucible (18). The current that is applied
by the current path is sufficient to provide the refined
liquid metal in the refined liquid metal pool (15) with a
viscosity under which the refined liquid metal can flow
through the orifice (13) under its own viscosity. The elec-
troslag refining crucible may comprise a split-crucible
with electrical insulation between an upper and lower
split-crucible portion, wherein the current path compris-
es the upper-split crucible portion, the slag and the lower
split-crucible portion.
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Description

[0001] The invention relates to electroslag refining
systems and methods for electroslag refining. In partic-
ular, the invention related to bottom pour electroslag re-
fining systems and methods.
[0002] Electroslag refining (ESR) comprises a proc-
ess that is generally used to melt and refine various met-
als. For example and in no way limiting of the invention,
iron (Fe), nickel (Ni), cobalt (Co), and titanium (Ti) based
metals and alloys can be refined by an electroslag re-
fining system and process. Typically, electroslag refin-
ing system comprises an consumable electrode formed
from the alloy to be melted and refined, a liquid slag,
and a cooled crucible, such as but not limited to a water-
cooled copper crucible. The liquid slag can be heated
by passing an electric current from a suitable current
source to the consumable electrode then through the
liquid slag and then to the crucible.
[0003] The liquid slag is maintained at a temperature
that is high enough to melt the consumable electrode.
A refining process occurs as the consumable electrode
melts and passes through the liquid slag. Also, inclu-
sions, such as oxide inclusions, are exposed to the liquid
slag and are dissolved, thus further refining the metal.
The refining process includes the melting of metal from
the consumable electrode and the formation of molten
metal droplets. These droplets fall, for example by grav-
ity, through the liquid slag, and are collected in a liquid
metal pool. The pool is contained by the crucible, which
is generally disposed below the pool.
[0004] Electroslag refining systems generally include
an induction-heated, segmented, water-cooled copper
guide tube or cold induction guide (CIG). The cold in-
duction guide is typically connected to the bottom of the
electroslag refining system crucible. The cold induction
guide includes an orifice from which a refined metal liq-
uid stream can be extracted therefrom. This stream can
be used as a liquid metal source for many solidification
processes, including, but not limited to, powder atomi-
zation, spray deposition, investment casting, melt-spin-
ning, strip casting, slab casting, and nucleated casting.
Electroslag refining systems and cold induction guide
structures are known in the art, for example as set forth
in US Patent Nos. 5,160,532 to Benz et al., which is as-
signed to the Assignee of the instant invention and fully
incorporated by reference.
[0005] While known electroslag refining systems are
effective in refining of metals, a cold induction guide
structure may be used for facilitating a flow of refined
liquid metal out of the electroslag refining system. The
use of a cold induction guide structure includes the ad-
dition of further current and heat to the electroslag re-
fining system. Of course, this addition current and heat
adds costs to the refining process. Also, the additional
heat and current may provide insulation concerns, in-
cluding heat and electrical insulation concerns.
[0006] Therefore, a need exists for an electroslag re-

fining system that avoids adding additional heat and cur-
rent to the electroslag refining system for facilitating re-
fined liquid metal flow.
[0007] One aspect of the invention provides a bottom
pour electroslag refining system. A bottom pour electro-
slag refining system refines raw material from a source
of raw material into refined liquid metal. The bottom pour
electroslag refining system comprises an electroslag re-
fining crucible; a slag; a bottom pour structure that com-
prises an orifice from which refined liquid metal from the
electroslag refining crucible can flow as a stream of re-
fined liquid metal; and a current path. The current path
is defined in the bottom pour electroslag refining system
for applying current to the raw material for melting and
refining the raw material. The melted and refined raw
material forms a refined liquid metal pool in the electro-
slag refining crucible. The current that is applied by the
current path is sufficient to provide the refined liquid met-
al in the refined liquid metal pool with a viscosity under
which the refined liquid metal can flow through the orifice
under its own viscosity.
[0008] A further aspect of the invention provides a bot-
tom pour electroslag refining method for refining raw
material from a source of raw material into refined liquid
metal in which the refined liquid metal can flow under its
own viscosity. The method comprises providing raw ma-
terial to be refined; providing an electroslag refining cru-
cible; providing a slag in the electroslag refining crucible;
providing a bottom pour structure for the electroslag re-
fining crucible comprising an orifice from which refined
liquid metal from the electroslag refining crucible can
flow as a stream of refined liquid metal; establishing a
current path; applying current to the raw material from
the source of raw material for melting and refining the
raw material; and forming a refined liquid metal pool in
the electroslag refining crucible. The step of applying
current comprises applying current at an amount that is
sufficient to provide the refined liquid metal in the refined
liquid metal pool with a viscosity so the refined liquid
metal can flow out of the orifice under its own viscosity.
[0009] Another aspect of the invention provides a bot-
tom pour electroslag refining method for refining raw
material from a source of raw material into refined liquid
metal in which the refined liquid metal can flow under its
own viscosity. The method comprises providing raw ma-
terial to be refined; providing an electroslag refining cru-
cible; providing a slag in the electroslag refining crucible;
providing a bottom pour structure for the electroslag re-
fining crucible comprising an orifice from which refined
liquid metal from the electroslag refining crucible can
flow as a stream of refined liquid metal; establishing a
current path; applying current to the raw material from
the source of raw material for melting and refining the
raw material; and forming a refined liquid metal pool in
the electroslag refining crucible. The step of applying
current comprises applying current at an amount that is
sufficient to provide the refined liquid metal in the refined
liquid metal pool with a viscosity so the refined liquid
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metal can flow out of the orifice under its own viscosity.
The step of applying current comprises at least one of:
establishing a refined liquid metal pool that comprises
a depth sufficient for the refined liquid metal to maintain
a viscosity under which the refined liquid metal pool can
flow through the orifice under its own viscosity; and ap-
plying current at a level that is sufficient to heat the re-
fined liquid metal pool to a temperature in which the re-
fined liquid metal pool maintains a viscosity under which
the refined liquid metal can flow through the orifice under
its own viscosity.
[0010] Another aspect of the invention sets forth a bot-
tom pour system for electroslag refining of raw metallic
material. The bottom pour system comprises means for
electroslag refining; means for applying an electrical
current to the means for electroslag refining; and means
for producing a refined liquid metal pool. The current ap-
plied by means for applying current is sufficient to pro-
vide refined liquid metal in the refined liquid metal pool
with a viscosity under which the refined liquid metal can
flow through under its own viscosity.
[0011] These and other aspects, advantages and sa-
lient features of the invention will become apparent from
the following detailed description, which, when taken in
conjunction with the annexed drawings, where like parts
are designated by like reference characters throughout
the drawings, disclose embodiments of the invention.
[0012] The invention will now be described in greater
detail, by way of example, with reference to the draw-
ings, in which:-

Figure 1 is a part-sectional, side schematic illustra-
tion of one bottom pour structure, as embodied by
the invention, for an electroslag refining system;

Figure 2 is a part-sectional, side schematic illustra-
tion of another bottom pour structure, as embodied
by the invention; and

Figure 3 a part-sectional, side schematic illustration
of a further bottom pour structure.

[0013] The bottom pour structure, as embodied by the
invention, can be provided with refining systems, to pro-
vide the refining system with an outlet for dispensing a
stream of refined liquid metal. The provision of a bottom
pour structure, as embodied by the invention, avoids the
need for a cold induction guide structure, if the refined
liquid metal in the refining system is sufficiently heated
to form a stream without added heating, such as by in-
duction heaters of a cold induction guide structure. The
refining system may comprise any appropriate metal
melting and refining system, such as but not limited to
electroslag refining systems, vacuum induction melt
(VIM) systems, vacuum arc remelting (VAR) systems,
and other such systems that pertain to the purification
of metals. The following description of an electroslag re-
fining system is merely exemplary, and this description

is not intended to limit the invention in any manner.
[0014] The bottom pour structure for an electroslag
refining system, as embodied by the invention, can rely
solely on heat that is generated by an electroslag refin-
ing system to permit a stream of refined liquid metal to
flow therefrom. The bottom pour structure for an elec-
troslag refining system does not rely on heat generated
by a cold induction guide structure for dispensing a
stream of refined liquid metal. The bottom pour structure
for an electroslag refining system, as embodied by the
invention, permits bottom pouring of a stream of refined
liquid metal, in which the stream of refined liquid metal
can be controlled by the amount of heat applied to the
electroslag refining system. Additionally, the bottom
pour structure for an electroslag refining system does
not rely on heat generated by any other outside power
supply, regardless of the form of the power supply.
[0015] Electroslag refining systems can produce a liq-
uid metal stream that can flow through an electroslag
refining system orifice (hereinafter "orifice"), in the ab-
sence of cold induction power under certain operating
conditions. One of these conditions may occur when a
refined metal liquid level in a crucible of the electroslag
refining system is sufficiently low. The refined metal liq-
uid level will be sufficiently low when energy, which is
applied to melt and refine the metal, can maintain the
refined liquid metal sufficiently viscous, which means
that the viscosity of the refined liquid metal is sufficient
for refined liquid metal to flow through the orifice without
requiring further heating. The refined liquid metal that
has been refined under these conditions will maintain
sufficient viscosity for flow without further heating, for
example heating originating from a cold induction guide
structure.
[0016] Another operating condition that can produce
a liquid metal stream flowing through an orifice in the
absence of cold induction power under certain operating
conditions may occur under electroslag refining condi-
tions at high temperatures. The high temperatures, as
embodied by the invention, comprise temperatures gen-
erated by passing a current through the electroslag re-
fining system for electroslag refining. The exact temper-
ature may vary depending on the metal being refined,
refining conditions, degree of fluidity desired, and other
such factors. The current is supplied from an appropri-
ate current source and heats up the electrode. Heat is
passed to the refined liquid metal regardless of the
source of the refined liquid metal. For example, the re-
fined liquid metal may be metal that is melted from a
consumable electrode and thereafter refined. Alterna-
tively, the metal for melting and refining may originate
from a source other than the electrode. The heated re-
fined liquid metal is heated to sufficiently high tempera-
tures in that the viscosity is sufficient for refined liquid
metal flow out of the orifice, without additional applica-
tion of heat. Therefore, heating, for example, by an in-
duction heater, such as in a cold induction guide struc-
ture, need not be applied to the electroslag refining sys-
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tem with a bottom pour structure, as embodied by the
invention.
[0017] Figures 1-3 illustrate configurations of electro-
slag refining systems with bottom pour structures, within
the scope of the invention. In the following figures, like
reference characters are used to reference like features.
Figure 1 illustrates a bottom pour structure 1 for one
electroslag refining system 10, within the scope of the
invention. The electroslag refining system 10 comprises
a consumable electrode 11, for example a consumable
electrode as set forth in US Patent No. 5,160,532 to
Benz. Details to the consumable electrode feed mech-
anism for the electroslag refining system 10 and the cru-
cible for the electroslag refining system are described
in the Benz patent and are not set forth herein.
[0018] The bottom pour structure 1 (Fig. 1), as em-
bodied by the invention, comprises a bottom pour struc-
ture 12 (hereinafter "bottom pour structure"). The bot-
tom pour structure 12 comprises an orifice or hole 13
through which a stream of liquid metal may be able to
flow through. In Fig. 1, the electroslag refining system
10 comprises a slag 14 or "starter plate" of a metallic
material, which is disposed on the bottom pour structure
12. The bottom pour structure 12 comprises a lower sur-
face of a reservoir of the electroslag refining system cru-
cible 18. The orifice 13 is initially closed during initiation
phases of electroslag refining. The term "initiation phas-
es" means phases in which the electroslag refining has
created a stream of refined liquid metal through the or-
ifice 13. During these phases, flow through the orifice
13 may be closed off by the slag 14, which has not been
heated to a liquidus state.
[0019] The electroslag refining proceeds by applying
current through the electroslag refining system. The cur-
rent melts portions of the consumable electrode 11 in-
cluding portions of the consumable electrode 11 that are
in contact with the slag 14. Thus, with sufficient amounts
of the consumable electrode 11 having been melted the
slag 14 becoming liquidus. Electroslag refining of the
metal from the consumable electrode 11 can occur, as
is known in the art. The electroslag refining will then en-
ter a "flow phase" of the electroslag refining operation,
in which the melting of the starter plate 14 is complete.
The melting of the starter plate 14 may form a refined
liquid metal pool 15 above the orifice 13 in the crucible
18. Once the refined liquid metal pool 15 is formed, a
stream 25 of refined liquid metal can exit the orifice 13.
[0020] As discussed above, the bottom pour structure
1 for an electroslag refining system 10 provides flow
without additional heating of the refined liquid metal, by
a cold induction guide structure. One bottom pour con-
dition, as embodied by the invention, occurs when the
liquid level (alternatively referred to as "depth") in the
refined metal pool 15 is low (as discussed below). An-
other bottom pour condition occurs as heat applied by
passing a current for melting the slag 14 is sufficiently
high (as discussed below) to create high temperature
electroslag refining conditions. These two conditions

can be applied individually, or in combination with one
another, to achieve bottom pour from a bottom pour
structure for electroslag refining, as embodied by the in-
vention.
[0021] The electroslag refining configuration of Fig. 1
can achieve both of these bottom pour conditions. For
example, the refined liquid metal pool 15 can be formed
with an overall depth d. The depth d is at a level sufficient
to avoid significant heat loss from in the melted consum-
able electrode 11. The depth d is dimensioned to provide
a liquid level in which the heat derived from the current
applied for melting and refining is sufficient to maintain
the refined liquid metal sufficiently viscous in the area
of the orifice 13 that the refined liquid metal can flow
through the orifice 13 without additional heat being ap-
plied thereto.
[0022] Further, the high temperature bottom pour con-
dition can be obtained with the electroslag refining con-
figuration of Fig. 1 by creating high temperatures during
application of current for electroslag refining. The cur-
rent for electroslag refining is passed through the con-
sumable electrode 11, slag 14 and crucible 18 in a cur-
rent path 27 illustrated in phantom in Fig. 1. The current
path 27 includes a current supply device 28. The current
that is applied for melting the consumable electrode 11
and the slag 14 is provided at levels sufficient for melting
the consumable electrode 11 and the slag 14, and also
is high enough to maintain the refined liquid metal suf-
ficiently viscous in the area of the orifice 13 that the re-
fined liquid metal can flow through the orifice 13 without
additional heat being applied thereto.
[0023] Figure 2 illustrates an alternative embodiment
of a bottom pour structure 1 in an electroslag refining
system 50. The electrode 110 in the electroslag refining
system 50 comprises an un-consumable electrode, in
which the un-consumable electrode 110 provides a ter-
minal the current being applied for heating and melting
of raw material 20. The raw material 20 for refining is
provided to the electroslag refining system 50 from any
appropriate source that is separate from the current
path, and can comprise solid raw material, liquid raw
material, particulate raw material, powdered raw mate-
rial, and combinations thereof. The un-consumable
electrode 110 is not consumed, and can comprise a
cooled electrode 110. For example, the un-consumable
electrode 110 can comprise a coolant-cooled, such as
water-cooled, copper electrode. The un-consumable
electrode 110 can be provided with appropriate shield-
ing, such as at least one of heat and electrical shielding,
for example but not limited to, a molybdenum shielding.
[0024] In the electroslag refining system 50 of Fig. 2,
raw material 20 is fed from a source into the crucible 18
by any appropriate feed device or means (not illustrat-
ed). Current is applied along a current path 27 that in-
cludes the un-consumable electrode 110, the liquid slag
14 and the crucible 18 of the electroslag refining system
50. The bottom pour structure 1 with the electroslag re-
fining system 50, as embodied by the invention,
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achieves the bottom pour conditions in a manner as de-
scribed above, and the addition of further heat is avoid-
ed.
[0025] Figure 3 illustrates a further bottom pour struc-
ture with an electroslag refining system 100, as embod-
ied by the invention for achieving bottom pour conditions
in a manner as described above, in which addition of
further heat to the refined liquid metal is avoided. The
electroslag refining system crucible 18 of Fig. 3 com-
prises a split-crucible structure 180. The split-crucible
structure 180 comprises at least two crucible portions,
an upper split-crucible portion 19 and a lower split-cru-
cible portion 21. Each of the split-crucible portions forms
a part of the current. supply path 271 for the electroslag
refining operations. The upper split-crucible portion 19
and lower split-crucible portion 21 are electrically insu-
lated from each other by appropriate electrical insulation
201, thus the current path flows from the upper split-
crucible portion 19, into the slag 14, and to a lower split-
crucible portion 21.
[0026] The electroslag refining system 100 with a bot-
tom pour structure comprises a raw material supply 111.
The raw material supply 111 does not form a portion of
the current path, from which metal to be melted and re-
fined originates. Therefore, the bottom pour structure
with an electroslag refining system 100 can utilize stock
consumable electrodes be used as raw material feed,
however, connection of the current path 271 to the raw
material supply 111 is not needed, as the current path
is complete through the split-crucible structure 180 of
the electroslag refining system 100.
[0027] Electroslag refining by the electroslag refining
system 100 with a bottom pour structure 1 and split-cru-
cible structure 180, as embodied by the invention, oc-
curs by passing current from an appropriate current
source 28 to the upper split-crucible portion 19. The cur-
rent can then flow through the slag 14 and to the lower
split-crucible portion 21, and back through the current
path 27. The bottom pour structure 1 with the electroslag
refining system 100, as embodied by the invention,
achieves the bottom pour conditions in a manner as de-
scribed above, and the addition of further heat is avoid-
ed.
[0028] The rate at which the stream 25 flow through
the bottom pour structure 1 in electroslag refining sys-
tems within the scope of the invention can be controlled,
and adjusted if desired. The control and adjustment of
the stream flow may be related to the melt rate of each
of the consumable electrode 11, the raw material 20,
and the raw material supply 111 that can be adjusted to
match the desired stream flow rate. For example, the
amount of current that is passed through the current
path 27 may be controlled for starting flow, as in the tran-
sition from the initiation phase to a flow phase. The flow
phase may comprise a steady state flow phase if the
current applied, and thus the heat applied, is maintained
at a relatively constant current level, in which the term
constant is used with its conventional meaning by a per-

son of ordinary skill in the art. Further, the flow rate of
the stream may be controlled and varied, if desired, by
changing the current level applied thereto, in which low-
ering an applied current flow may lower a flow rate. Al-
ternatively, increasing the current level may increase the
heat applied to the electroslag refining systems, and a
corresponding increase in the flow rate of the stream 25.
[0029] The level of the refined liquid metal pool 15 in
each electroslag refining system may also control the
stream 25 flow through the orifice 13. The control of the
stream flow generally increases with an increased
height of refined liquid metal in the pool. Thus, a deeper
pool of refined liquid metal will increase the flow rate of
the stream as the pressure applied by the pool itself to
the stream will increase its flow. Similarly, reducing the
depth of the pool will provide less refined liquid metal in
the pool, and thus the flow of the stream will be lessened
compared to a deeper pool of refined liquid metal.

Claims

1. An bottom pour electroslag refining system for re-
fining raw material from a source of raw material into
refined liquid metal, the bottom pour electroslag re-
fining system comprising:

an electroslag refining crucible;

a slag;

a bottom pour structure comprising an orifice
from which refined liquid metal from the elec-
troslag refining crucible can flow from as a
stream of refined liquid metal; and

a current path defined in the bottom pour elec-
troslag refining system, the current path apply-
ing current to the raw material for melting and
refining the raw material, the melted and refined
raw material forming a refined liquid metal pool
in the electroslag refining crucible;

wherein current applied by the current path is
sufficient to provide the refined liquid metal in
the refined liquid metal pool with a viscosity un-
der which the refined liquid metal can flow
through the orifice under its own viscosity.

2. A system according to claim 1, wherein the current
path comprises the source of raw material.

3. A system according to claim 1 or 2, wherein source
of raw material comprises a consumable electrode
and the current path is defined through the consum-
able electrode.

4. A system according to claim 1, wherein the raw ma-
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terial comprises source of raw material that is sup-
plied to the electroslag refining crucible, the source
of raw material is independent of the current path.

5. A system according to claim 1, wherein the current
path comprises the electroslag refining split-cruci-
ble, and the current path is defined through the elec-
troslag refining split-crucible.

6. A system according to claim 1, the electroslag re-
fining crucible further comprises an electroslag re-
fining split-crucible, the electroslag refining split-
crucible comprises:

an upper split-crucible portion,

lower split-crucible portion, and

electrical insulation between the upper split-
curable portion and the lower split-crucible por-
tion, wherein the current path comprises a path
comprising the upper split-crucible portion, the
slag, and the lower split-crucible portion.

7. A system according to any preceding claim, where-
in the refined liquid metal pool comprises a depth
that is sufficient for the refined liquid metal to pos-
sess a viscosity under which the refined liquid metal
pool can flow through the orifice under its own vis-
cosity.

8. A system according to any one of claims 1 to 6,
wherein the current path supplies a current at a level
sufficient to heat the refined liquid metal pool to a
temperature in which the refined liquid metal pool
possesses viscosity under which the refined liquid
metal can flow through the orifice under its own vis-
cosity.

9. A bottom pour electroslag refining method for refin-
ing raw material from a source of raw material into
refined liquid metal in which the refined liquid metal
can flow under its own viscosity, the bottom pour
electroslag refining method comprising:

providing raw material to be refined;

providing an electroslag refining crucible;

providing a slag in the electroslag refining cru-
cible;

providing a bottom pour structure for the elec-
troslag refining crucible comprising an orifice
from which refined liquid metal from the elec-
troslag refining crucible can flow as a stream of
refined liquid metal;

establishing a current path;

applying current to the raw material from the
source of raw material for melting and refining
the raw material; and

forming a refined liquid metal pool in the elec-
troslag refining crucible;

wherein the step of applying current comprises
applying current at an amount that is sufficient
to provide the refined liquid metal in the refined
liquid metal pool with a viscosity so the refined
liquid metal can flow out of the orifice under its
own viscosity.

10. A method according to claim 9, wherein the step of
providing raw material to be refined comprises pro-
viding a consumable electrode, and the step of ap-
plying current to the raw material comprises flowing
current to the consumable electrode.

11. A method according to claim 9, wherein the step of
providing an electroslag refining crucible comprises
providing an electroslag refining split-crucible, the
step of establishing a current path comprises the
establishing a current path through an electroslag
refining split-crucible.

12. A method according to claim 11, wherein the elec-
troslag refining split-crucible comprises an upper
split-crucible portion, lower split-crucible portion,
and electrical insulation between the upper split-
curable portion and the lower split-crucible portion,
the step of establishing a current path comprises
establishing a current path comprising the upper
split-crucible portion, the slag, and the lower split-
crucible portion.

13. A method according to any one of claims 9 to 12,
wherein the step of applying current at an amount
that is sufficient to provide the refined liquid metal
in the refined liquid metal pool with a viscosity so
the refined liquid metal can flow out of the orifice
under its own viscosity comprises:

establishing a refined liquid metal pool that
comprises a depth sufficient for the refined liquid
metal to maintain a viscosity under which the re-
fined liquid metal pool can flow through the orifice
under its own viscosity.

14. A method according to any one of claims 9 to 12,
wherein the step of applying current at an amount
that is sufficient to provide the refined liquid metal
in the refined liquid metal pool with a viscosity so
the refined liquid metal can flow out of the orifice
under its own viscosity comprises:

applying current at a level that is sufficient to
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heat the refined liquid metal pool to a temperature
in which the refined liquid metal pool maintains a
viscosity under which the refined liquid metal can
flow through the orifice under its own viscosity.

15. A method according to any one of claims 9 to 14,
further comprising controlling a flow of refined liquid
metal from the orifice.

16. A bottom pour electroslag refining method for refin-
ing raw material from a source of raw material into
refined liquid metal in which the refined liquid metal
can flow under its own viscosity, the bottom pour
electroslag refining method comprising:

providing raw material to be refined;

providing an electroslag refining crucible;

providing a slag in the electroslag refining cru-
cible;

providing a bottom pour structure for the elec-
troslag refining crucible comprising an orifice
from which refined liquid metal from the elec-
troslag refining crucible can flow as a stream of
refined liquid metal;

establishing a current path;

applying current to the raw material from the
source of raw material for melting and refining
the raw material; and

forming a refined liquid metal pool in the elec-
troslag refining crucible; and

controlling the flow of refined liquid metal from
the orifice;

wherein the step of applying current comprises ap-
plying current at an amount that is sufficient to pro-
vide the refined liquid metal in the refined liquid met-
al pool with a viscosity so the refined liquid metal
can flow out of the orifice under its own viscosity by
at least one of:

establishing a refined liquid metal pool that
comprises a depth sufficient for the refined liq-
uid metal to maintain a viscosity under which
the refined liquid metal pool can flow through
the orifice under its own viscosity; and

applying current at a level that is sufficient to
heat the refined liquid metal pool to a temper-
ature in which the refined liquid metal pool
maintains a viscosity under which the refined
liquid metal can flow through the orifice under

its own viscosity.

17. A bottom pour system for electroslag refining of raw
metallic material, the bottom pour system compris-
ing:

means for electroslag refining;

means for applying an electrical current to the
means for electroslag refining; and

means for producing a refined liquid metal pool
wherein the current applied by means for ap-
plying current is sufficient to provide refined liq-
uid metal in the refined liquid metal pool with a
viscosity under which the refined liquid metal
can flow through under its own viscosity.

18. A bottom pour system according to claim 17, further
comprising:

a slag;

a bottom pour structure means for providing an
orifice from which refined liquid metal can flow
as a stream; and

wherein current applied by the means for ap-
plying a current to the raw metallic material is
sufficient to provide the refined liquid metal in
the refined liquid metal pool with a viscosity un-
der which the refined liquid metal can flow
through the orifice under its own viscosity.

19. A system according to claim 17, wherein the metal-
lic material comprises a consumable electrode, and
the means for applying a current to the raw metallic
material applies current to the consumable elec-
trode.
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