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This application is a continuation-in-part of my appli-
cation Serial No. 854,119, filed Nov. 19, 1959, now
abandoned, for “Vacuum Degassing of Fluid Metals.”

The present invention relates to a process and to an
apparatus for degassing of fluid metals, and more particu-
larly to degassing of molten metals by treatment at sub-
atmospheric pressures.

It is already known to expel harmful gases from molten
metals by passing such metals through an evacuated cham-
ber in which the gases are withdrawn to improve the
quality of the metal. In accordance with a process of
which I have knowledge at this time, molten metal is
caused to circulate from a casting ladle, through a vacu-
um chamber, and back to the casting ladle under the
influence of a gaseous carrier which is being injected into
the path of molten metal in a direction to entrain it to-
ward the vacuum chamber. A serious drawback of this
process is that the gaseous carrier must be separated from
molten metal together with such gases which were en-
trapped in the metal prior to its contact with the carrier;
therefore, the devices which evacuate gases from the
chamber consume too much energy. Also, the gaseous
carrier is normally an inert gas, such as argon, and the
use of this gas in connection with the treatment of molten
metal adds to the overall cost of the operation. More-
over, unless the gaseous carrier is heated in advance, it
reduces the temperature of molten metal which is unde-
sirable in most degassing operations.

1t is also known to subject molten metal to the stirring
action of a magnetic field produced by a single-phase
current so that stirring will result in expulsion of some of
the entrapped gases. However, this method is rather un-
satisfactory because the energy requirements of the appa-
ratas are very high and because the degassing action is
not as effective as if the mass of metal is caused to pass
through an evacuated chamber.

Accordingly, it is an important object of my invention
to provide a very simple apparatus for degassing molten
metals by vacuum treatment and to construct the appa-
ratus in such a way that it can insure complete or highly
satisfactory evacuation of gases with consumption of litile
energy and without appreciable cooling of molten metal.

Another object of the invention is to provide an appa-
ratus of the just outlined characteristics which is con-
structed and assembled in such a way that the means
which causes molten metal to icrculate through an evacu-
ated chamber is not exposed to excessive heat and that
such means may actually heat molten metal on its way
from the casting ladle through the evacuated chamber
and back to the ladle.

A further object of the instant invention is to provide
an apparatus for vacuum degassing of molten metals
which occupies little space, which may be combined with
nearly all types of existing casting ladles or other forms
of receptacles for molten metal, which may operate with
suction producing devices of small capacity, and which
may be connected to commercially available sources of
electrial energy without necessitating any converting means
or similar expensive equipment.

An additional object of the invention is to provide a
novel arrangement which is utilized in an apparatus of the
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above outlined characteristics to cause circulation of
molten metal through an evacuated chamber.

Still another object of my invention is to provide a
process for degassing molten metal, particularly steel,
according to which large quantities of molten metal may
be degassed within exceptionally short periods of time and
in a continuous operation.

A further object of the invention is to provide a process
of the just outlined characteristics -according to which
molten metal may be heated while it is caused to circulate
through the evacuated chamber and according to which
no additional gases must be introduced into molten metal
in order to bring about circulatory movements thereof.

With the above objects in view, one feature of the in-
vention resides in the provision of a process for degassing
gas-containing molten metal in an evacuated chamber
which is located above the level of molten metal. The
process comprises the steps of establishing two separate
paths through which the metal may communicate with the
evacuated chamber whereby the metal rises in these paths
in a fully automatic way due to pressure differential exist-
ing between said level and the chamber, and subjecting the
risen metal to the action of a low-frequency rotating mag-
netic field so as to bring about circulation of metal up-
wardly through one of the paths, through the evacuated
chamber where the metal is degassed, and downwardly
through the other path.

The rotating magnetic field is produced by an electro-
magnetic arrangement which is preferably located entirely
outside of the bath of molten metal and which comprises
a source of polyphase alternating electrical energy and
winding means adjacent to at least one of the aforemen-
tioned paths and/or to the evacnated chamber. The
forces produced by the rotating magnetic field preferably
act in the direction in which the metal circulates. A very
important advantage of a low-frequency rotating mag-
netic field is that it can generate forces which can act
directly on the body of molten metal in order to bring
about circulation of metal in an endless path. Such
forces cannot be generated by a magnetic field which is
produced by direct current or by single-phase alternating
current.

Mass-produced steels are degassed in the ladle or in
the chill mold.

The novel features which are considered as character-
istic of the invention are set forth in particular in the
appended claims. The improved degassing apparatus it-
self, however, both as to its construction and its method
of operation, together with additional features and advan-
tages thereof, will be best understood from the following
detailed description of certain specific embodiments with
reference to the accompanying drawings, in which:

FIG. 1 is a vertical section through a degassing appa-
ratus which embodies one form of the invention; and

FIG. 2 is a fragmentary elevational view of a modified
degassing apparatus.

Referring now in greater detail to the drawings, and
first to FIG. 1, there is shown a degassing apparatus which
comprises a receptacle here shown as a fixed ladle 1
which contains a bath of molten metal 2, e.g., steel. The
upper level 3 of the bath is maintained at atmospheric
pressure. The apparatus further comprises a housing 4
which defines an evacuated chamber 5 and which is con-
nected with two downwardly extending pipes 6, 7. Each
of these pipes communicates with the chamber 5 and each
thereof has a lower end which dips into the bath 2 at a
different level. The housing is further connected with a
conduit 8 which leads to the low-pressure side of a suc-
tion producing pump 9 serving as a means for withdraw-
ing gases from the chamber 5 whereby the metal rises in
a fully automatic way and fills the chamber up to a level
10.
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The means for causing molten metal to circulate in an
endless path including the separate paths defined by the
pipes 6, 7, the path defined by the receptacle 1 and the
path defined by the housing 4 includes an electromagnetic
arrangement which is located entirely -outside of the body
of molten metal. The arrangment comprises a source 11
of low-frequency polyphase alternating electrical energy
which is connected in circuit with a winding 12, and this
winding is outwardly adjacent to the housing 4. When the
circuit of the winding 12 is completed, the mass of molten
metal which has risen into the chamber 5 is caused to
circulate in the aforementioned endless path by flowing
upwardly through the path defined by the pipe 6 (arrow
13), through the chamber 5 where it is degassed under
the action of the pump 9, thereupon downwardly through
the path defined by the pipe 7 (arrow 14), and back into
the receptacle 1.

FIG. 2 illustrates a portion of a modified degassing ap-
paratus wherein the winding 12 surrounds the pipe 6.
Of course, it is equally possible to provide an additional
winding around the pipe 7 and/or to provide the winding
of FIG. 2 in addition to the winding of FIG. 1.

The exact level of molten metal in the chamber 5 (see
the numeral 10) depends on the action of the pump 9.
The electromagnetic arrangement 11, 12 acts not unlike a
circulating pump, and the physical laws on which the op-
eration of my improved apparatus is based are the same
as in the transmission of forces to the rotor of an asyn-
chronous polyphase alternating current motor. The cir-
culating body of metal is analogous to the rotor while
the stator winding which produces the rotating magnetic
field corresponds to the stators of a similarly phased mo-
tor. As a rule, the winding 12 is cooled by compressed
air or water and, if necessary, the winding may be pro-
tected from heat which is being radiated from the bath.
The rotating magnetic field merely brings about circula-
tory movement of the bath; the work necessary to cause
molten metal to rise into the suction chamber 5 is per-
formed by the suction producing pump 9.

In accordance with my process, the flow of molten
metal through the evacuated chamber 5 is continuous so
that the entire contents of the receptacle 1 are degassed
within a short period of time. Furthermore, a portion of
the energy produced by the rotating magnetic field is con-
verted into heat so that the degassing operation actually
results in inductive heating of the bath. By proper selec-
tion of electrical and geometric parameters, it is possible
to avoid heat losses and to carry out the operation without
necessitating additional heating of molten metal.

The reason for utilizing pipes of different lengths (i.e.,
pipes whose lower ends dip into the bath at different levels
and preferably at a conmsiderable distance from each
other) is that such arrangement prevents freshly degassed
metal from entering the pipe 6. In other words, by uti-
lizing pipes which dip into molten metal at different levels,
the degassing operation may be completed within excep-
tionally short periods of time because the likelihood of
circulating the one and the same batch of molten metal is
reduced to a minimum.

Since the effect of forces which the rotating magnetic
field exerts upon the circulating metal is greater at lower
frequencies, the method of my invention may be carried
out by operating at mains frequency, for example, with a
50-cycle polyphase supply, so that I need not resort to
frequency converters and all phases of an existing poly-
phase supply are uniformly loaded.

In summation, it can be said that the apparatus of my
invention exhibits the following advantages:

It may be operated with little supervision and its op-
eration is continuous so that the time necessary for degas-
sing ‘a given batch of molten metal is reduced to a mini-
mum with attendant savings in heat energy because the
length of intervals during which the metal is likely to cool
is very short. The circulating mass of molten metal is sub-
jected to inductive heating which compensates for at least
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some temperature losses; the electromagnetic arrangement
may operate at mains frequency; batches of newly de-
gassed material are separated from non-degassed batches
to speed up the degassing operation; the evacuating cham-
ber need not be moved toward or away from the recepta-
cle or vice versa so that the construction of the apparatus
is simplified; and a small suction producing pump is suf-
ficient to degasify large batches of molten metal within
short periods of time.

Moreover, since the operation of my apparatus is based
on the recognition that the means (pump 9) for causing
molten metal to rise into the evacuated chamber 5 may be
entirely independent of the means (11, 12) which causes
the metal to circulate in an endless path, the circulation
producing means may be mounted at a point where it is
best protected from radiation heat and where it is readily
accessible for inspection. In other words, all component
parts of the circulation producing means may be located
externally of and need not be in contact with molten
metal, The lower the frequency of the rotating magnetic
field the deeper its energy enters the interior of the molten
metal and the more evenly the forces are distributed with-
in the molten metal. That is why a low-frequency rotat-
ing magnetic field will exert greater forces on the molten
metal than a higher-frequency rotating magnetic field.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can,
by applying current knowledge, readily adapt it for vari-
ous applications without omitting features that, from the
standpoint of prior art, fairly constitute essential char-
acteristics of the generic and specific aspects of this in-
vention and, therefore, such adaptations should and are
intended to be comprehended within the meaning and
range of equivalence of the following claims.

What is claimed as new and desired to be secured by
Letters Patent is:

1. An apparatus for degassing molten metal comprising
a receptacle having a bottom wall and adapted to contain
a bath of molten metal having an upper level; an elon-
gated housing defining a chamber which is disposed above
said receptacle, said housing having a pair of opposite
ends; a pair of pipes communicating at the upper ends
thereof with said chamber respectively at said opposite
ends of said housing and extending downwardly from said
chamber so as to dip into molten metal in said receptacle,
said pipes having lower ends spaced transversely and ver-
tically from each other to communicate with the bath
respectively adjacent said upper level thereof and adjacent
said bottom wall of said receptacle; suction producing
means connected with said housing the reduce the pres-
sure in said chamber to cause molten metal to rise from
said receptacle into said chamber; and an electromagnetic
arrangement for producing a low frequency rotating mag-
netic field effective to cause molten metal to flow in an
endless path from said receptacle through one of said
pipes, through said chamber, through the other pipe, and
back to said receptacle whereby the metal is degassed by
flowing through said chamber, said arrangement com-
prising a source of polyphase alternating electric energy
and a plurality of separate electromagnetic means- ar-
ranged adjacent to said path and spaced from each other
along portions of said path and electrically connected to
the source of alternating current to produce a rotating field
moving in direction of said path.

2. An apparatus for degassing molten metal comprising
a receptacle having a bottom wall and adapted to con-
tain a bath of molten metal having an upper level; a
housing defining a chamber which is disposed above said
receptacle, said housing having a pair of opposite sides;
a pair of pipes communicating at the upper ends thereof
with said chamber respectively at said opposite sides of
said housing and extending downwardly from said cham-
ber so as to dip into molten metal in said receptacle, said
pipes having lower end spaced from each other to each
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communicate with the bath at a level intermediate said
upper level thereof and said bottom wall of said recep-
tacle; suction producing means connected with said hous-
ing to reduce the pressure in said chamber to cause molten
metal to rise from said receptacle into said chamber; and
an electromagnetic arrangement for producing a low fre-
quency magnetic field effective to cause molten metal to
flow in an endless path from said receptacle through one
of said pipes, through said chamber, through the other
pipe, and back to said receptacle whereby the metal is
degassed by flowing through said chamber, said arrange-
ment comprising a source of polyphase alternating electric
energy and a plurality of separate electromagnetic means
arranged adjacent to said path and spaced from each
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nected to the source of altermating current to produce a
rotating field moving in direction of said path.
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