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This invention relates to the fusion of metal
and particularly to the production of molten
metal by the discharge of electric current from
the ends of electrodes.

The discharge of electric current from the
ends of electrodes is used in many arts, such
as the electric furnace and electric welding arts,
to supply the heat required to produce molten
metal. The electrodes used may be of the con-
sumable type, i. e., they may be made of metal
either of the same analysis as the desired molten
metal or of such an analysis that when inter-
mixed with other metal fused during the opera-
tion the desired molten metal results; the elec-
trodes used may salso be of the so-called non-
consumable type, i. e.,, they may be made of a
material such as carbon, tungsten, etc., which is
not readily fused or consumed by the electric
 current discharge. While the so-called non-
consumable electrodes have a long life they are
"in fact consumable and must be replaced at reg-
ular intervals. The so-called non-consumable
electrodes are generally quite expensive and their
replacement cost is an appreciable itemn in any
operation employing them. The so-called non-
consumable electrodes have the further disad-

vantage that the materials that result from their
consumption often have a deleterious effect on
the desired molten metal.

The consumable metal electrodes while highly
useful and desirable in many operations have
the inherent disadvantage that by supplying
substantial proportions of metal to the opera-
tion they impose limitations on the analysis of
the metal that can be produced. This disad-
vantage is sometimes encountered in operations
of the character disclosed in my prior Patents
Nos. 2,191,479 and 2,191,481,

I have found that metal fusing operations, em-
ploying the electric arc discharge, can be easily
and cheaply carried out without imposing any
limitation on the analysis or the character of
the final metal.

It is a primary object of this invention to pro-
vide a novel method for fusing metal by the
electric arc discharge, and novel apparatus for
carrying it out in practice, by means of which a
desired metal may be produced whose analysis
and characteristics are independent of and not
deleteriously affected by the constituents of the
electrode.

It is also a primary obJect of this invention
to provide novel apparatus for fusing metal by
the electric arc discharge which includes an elec-
trode, or electrodes, that are substantially non-
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consumable whereby the molten metal produced -
does not include constituents derived from the
electrode, or electrodes,

It is also an important object of the inven-
tion to provide a novel method and novel ap-
paratus for carrying it out in practice, for pro-
ducing alloys of desired analysis, from mate-

‘rials containing their constituents, in which the

materials are supplied at the rates required to
produce the alloy of desired analysis to a fusion
zone whereat they are fused and intermingled
by the heat of the electric arc discharge to pro-
duce the alloy of desired analysis without addi-
tion of electrode constituents thereto.

It is also an object of the invention to pro-
vide a novel method, and novel apparatus for
carrying it out in practice, for producing metal
bodies that are free from pipes and other shrink-
age defects, in which heat is applied to the metal
during the solidification thereof by the discharge
of electric current, without addition of metal, at
a rate less than that at which the heat is dissi-
pated but sufficient to maintain molten metal
until the solidification is substantially complete.

It is a further object of the invention to pro-
vide a method, and novel apparatus for carrying
it out in practice, for filling shrinkage pipes,
voids and other defects in metal bodies, in.-which
the metal of the body surrounding the defect
is fused and ccalesced with filler metal by heat
generated through the discharge of electric cur-
rent, the addition of filler metal being discon-
tinued when the void is filled to the desired ex-
tent and the electric current discharge being
continued without addition of metal until sub-
stantially all of the metal has solidified, the heat
of the arc being sufficient to maintain molten
metal until solidification is substantially com-
plete.

The further objects and advantages of the in-
vention will be apparent from a consideration
of the following description of preferred em-
bodiments thereof taken with the accompanying
drawings, in which,

Fig. 1 is & front view, partly in section of a
simple form of apparatus embodying the inven-
tion,

Fig. 2 is also a front view, partly in section,
of a form of the apparatus embodying the in-
vention especially adapted for the production of
alloys from materials contammg their constit-
uents,

Fig. 3 is a sectional view taken on line 3—3
of Fig, 2, and
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Pig. 4 is a sectional view taken on line 4—4 of
PFig. 8.

The invention is of general application and
may be used in carrying out a wide variety of
operations in which metals or other materials are
subjected to the heat of the electric arc discharge.
For the purposes of this disclosure the invention
will be described in connection with the manufac-
ture of metal ingots. .

The apparatus of Fig. 1 includes a fusion 2one
defined by ingot mold 10 which may be made of
metal, or of refractory material, or it may in part
be made of metal and in part of refractory ma-
terial. In the manufacture of ingots of ferrous
metals and alloys, molds made of a metal having
a high heat conductivity, such as copper, are pre-
ferred. The metal molds are usually cooled as
by circulating a cooling medium through a jacket
or by jetting a cocling medium against them. A
valve controlled coil 11 is shown for this purpose.

An electrode 12 projects into the fusion zone.
Electrode 12 includes a tubular body portion 13
and a removable tubular tip {4 connected by a
screw joint to the body portion. While body por-

© tion 18 may be made of sny metal of a good heat ;

conductivity, tip (4 is made of a metal having a
high heat conductivity such as copper, brass, sil-
ver, etc. A tube 16 enters the top of electrode 12
and leads a cooling medium, water being the
cooling medium generally employed, to the bot-
tom of tip 14 whereat it jets against the walls of
tip 14 to remove heat therefrom. The cooling
medium flows up the inside of the electrode and
exits through tube 18. A valve is provided to con-
trol the fow through tube I5.

To the top of electrode 2 is attached a rod
or similar member 17 for raising or lowering the
electrode by means of motor 18. Motor 18 is
of the type found in electric arc welding heads
for feeding welding electrodes; its operation is
controlled by arc control arrangements, of the
character usually employed in the electric furnace
and electric arc welding arts, which will be con-
sidered as located in back of control panel 19.
The arc control arrangements are cut into the
electric current circuit of electrode 12 and control
the rotation of motor 18 so that it will move elec-
trode 12 as required to maintain a discharge of
predetermined characteristics from ifts end.
Since electrode 12 is not fused the control of the
current discharge from its end is a simple matter
and may be effected by hand. :

In back of panel 19 is located the electric cur-
rent source. This may be a generator or a con-
nection to an outside supply. I have found that
while the electrode described is useful with A. C.
current it shows signs of appreciable wear and its
life is not over long when such current is em-
ployed. However, if D. C. current is used and
the electrode is connected to the minus lead, as
by cable 20, and mold 10 connected to the posi-
tive lead, as by cable 21, the electrode is prac-
tically indestructible and shows a minimum of
wear even after prolonged hard use. :

Electrodes 12 constructed and electrically con-
nected as above described, have been used for long
periods of time without evidence of substantial
wear. Thus, while the surface of tip {4 will oc-
casionally show some pitting and change in con-
tour it can be used indefinitely if sufficient cooling

‘medium is circulated. Also, examination of the.

_metal produced has not revealed the presence of
the material out of which tip I4 is formed; nor
has any of the metal examined exhibited inferior
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the effect of the electrode, The tests conclusive-
1y show that electrode 12 not only is practically
indestructible but that it has no measurable
deleterious effect on the metal produced.

In producing a metal body, such as an ingot,
in the apparatus above described, a body of metal
or the equivalent, of sufficient thickness to pre-
vent fusi.g the bottom of the metal mold is in-
itiaily positioned in the bottom of mold 10. Elec-
trode {2 is lowered until its end approaches the
top surface of the metal body and a wad of steel
wool or other arc starter interposed between
them. The required quantity of protective flux
22 chosen as suitable for the operation, is then
placed in the mold. The valves controlling the
flow of cooling medium to coil 1{ and tube 15 are
opened. After the control arrangements for
motor {8 have been set, the circuit of motor 18
and the arc circuit may be closed. The initial
surge of current destroys the arc starter and
establishes the arc. The arc length is maintained
at the predetermined value by movement of elec-
trode 12 through motor i8. The material out of
which ingot metal 23 is formed is supplied to
the arc by member 24,

Member 24 may be & rod or a plurality of rods
which contain the constituents of the desired
metal. The constituents may be present in
metallic form, or in non-metallic form, in the
proportions required to produce the metal of
desired analysis. In the latter case the materials
necessary to convert the constituents to the metal-
lic form are included in the proper proportions.
Member 24 is fed to the arc, either manually or
automatically as required to produce the metal
of desired analysis. Member 24 may also be a
tubular non-consumable member through which
the constituents are supplied at rates metered to
produce the metal of desired analysis. The
metered constituents may be supplied in this way
beneath the surface of flux 22, as shown, or they
may be deposited on the surface of the flux and
allowed to fall through the flux to the arc.

The intense heat of the arc rapidly fuses and
thoroughly intermingles the constituents to form
metal 23, the action is equally rapid and thor-
ough when some of the constituents are intro-
duced as non-metallic material. As the opera-
tion progresses metal 23 accumulates and its
level rises in mold 18. The end of electrode 2
is automatically raised by motor 18 to maintain
it at a substantially constant distance from the
surface of the molten metal. The flow of -the
cooling medium is preferably so controlled that
metal 23 solidifies progressively during the oper-
ation and yet there is at all times a sufficient
body of molten metal present to assure complete
intermixing of the constituents and homogeneity
of product.

When the level of metal 23 has reached a pre-
determined level member 24 is removed so that
no further constituents are added and no fur-
ther metal is produced. However, the arc is al-
lowed to continue and a pool of molten metal of
constantly diminishing size is maintained until .
substantially all of metal 23 has solidified. By
maintaining & pool of molten metal during the
final solidification of metal 23 pipe cavities and
other shrinkage defects are eliminated and the
yield of useable metal is measurably increased.
The heat input may be maintained as during the
operation or it may be decreased stepwise or pro-
gressively. By proper conirol of the heat in-
put during this final solidification period ingots

qualities and properties which were traceable to ¥8 have been produced which have no shrinkage



defects and show only & depression of insignifi-
cant size at the top of the ingot. :

This procedure for preventing the formation
of the shrinkage defects in ingots and the ap-
paratus above described may also be used suc-
cessfully in connection with ingots produced
in -the usual way. Thus, after an ingot mold
has been filled in the usual manner the appara-
tus of the invention is placed over it and an arc
struck from the end of electrode 12 to supply
heat during the solidification of the poured metal
at a rate less than that at which heat is removed
from the mold but sufficient to maintain a pool
of molten metal until substantially all of the ingot
is solidified. In this type-of operation: it is pre-
ferred to use & blanket of protective flux 22, If
the heat input is properly controlled and con-
_tinued until only a small pool of molten metal
is left the resulting ingot will be free of all pipes
and volds and the sound metal yleld will be a
maximum. If this expedient is used the usual
large hot-top may be eliminated entirely or the
hot-top used need only be of a size sufficient to
contain the metal required to compensate for
shrinkage during solidification to a desired line
of the ingot.

The apparatus and method can equally well
be used to fill voids, pipes and repair defects in
solid ingots and other solid metal bodies. In flll-
ing the pipe cavities in ingots, the apparatus is
positioned uver the ingot and electrode (2 moved
into the primary pipe cavity until it closely ap-
proaches the bottom wall thereof. An arc is
struck off the end of .the electrode. It is pref-

erable at the beginning of the operation to use

a sufficiently high current to completely fuse the
secondary pipe region. When this has been done
filler metal is supplied to the electrode in any
preferred way until the cavity is filled and the
electrode is manipulated as required to fuse the
. walls of the cavity and unite the filler metal to
them. After the cavity is filled the arc con-
tinues until substantially all of the metal is so-
lidified. As before, the current input is adjusted
to maintain a molten pool of metal of constantly
diminishing size. The operation is preferably
carried out under a blanket of protective flux.
The apparatus of Figs. 2,3 and 4 includes the
elements of the apparatus above described and
is particularly adapted for alloy ingot manufac-

turing operations, of the general type described

in my prior Patent No. 2,191,479.

The apparatus includes a truck 30 that is
mounted for movement on rails carried by a
bridge 81. Truck 32 supports bridge 31 and is
mounted for movement on rails -carried by sup-
porting structure 33. Truck 30 has attached
thereto a vertical frame 34 against which bear
rollers 35 mounted on vertically movable frame
36. A motor 37 operates the arrangement for
lifting and lowering frame 34, for instance, this
arrangement may include a vertical elongated
screw rotated by motor 31 in a nut fixed to frame
36. Motor 37 is controlled as will be expilained
hereinafter. :

Frame 36 carries a platform 38 upon which
are supported metering devices for metering the
materials employed in producing the desired met-
al. These devices may be of any preferred type
and construction; each material may be metered
through & separate metering device or one me-
tering device may be used to meter a known mix-
ture of two or more materials. The materials
are in the particle form and are stored in hop-
pers 38 from whence they pass to their respec-
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_tive metering devices. The metered materials
" are collected in a hopper and pass into pipe 40
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which leads them to the fusion zone. The me-
tering devices are so adjusted that the materials
are constantly supplied into pipe 48 in the pro-
portions required to produce the metal of re-
quired analysis. The constituents of the desired
metal may all be obtained from granular mate-
rial as just indicated or some of them may be
obtained from granular material and others from
solid shapes such as rods, bars, tubes, ete. In
the latter case, the solid shapes required are fed
at the proper rate by appropriate means to the
fusion zone. One such means is motor 41 that is
mounted on platform #2 carried by frame 36.
Motor 41 is of the adjustable speed type and

‘through suitable drive wheels .drives wire 43 at

a selected rate to the fusion zone. Wire 43 may
be of any required analysis and may be kept on
a reel also mounted on platform 42.

The electrode arrangement 44 is supported by
members 48 attached to frame 38. The arrange-
ment includes a plurality of electrodes 48 similar
in character and construction to electrode 12 of
Fig. 1. The electrodes are grouped in a circle
or other.closed or substantially closed shape.
Each electrode #§ includes a body portion 47,
formed of copper, brass, iron or other suitable
metal, that is screwed into a hole tapped into
bottom plate 48 and tip portion 49 threaded on
the end of body portion 41. Tip 49 is preferably
made of copper, brass, silver, or other metal, hav-
ing a high heat conductivity. A ring 50 is united,
as by welding, to bosom plate 48 and top plate
$i. A tubular member 52 fits in aligned holes
in plates 48 and 81 and is united, as by welding, tc
the walls thereof to complete annular heat ex-
change medium outlet chamber §3 and to pro-
vide a passage for tube 49 and wire 43. The heat
exchange medium leaves chamber §3 through
pipes 54 that are united, as by welding, to ring
50 and open into chamber 83. Tubes 55 depend
from & manifold 58 which is supplied with the
heat exchange medium, usually watér, from &
valved line §7. Tubes 55 pass through holes in
plate 51 to enter chamber §3 and extend to the
bottom of electrode 46. The ends of tubes §5 are
notched as shown and contact the bottoms of tips
48. By making the notches of proper size the
jetting of the heat exchange medium against the
bottom wall of tip 49 which produces a maximum
heat transfer rate may easily be secured. Glands
58 and packing 59 are provided for sealing the
holes in plates 5 through which tubes §8 ex-
tend.

A panel board.69 is carried at the bottom end
of frame 33. For the purposes of this disclosure
the various instruments and controls necessary

- for the proper operation of the apparatus will be

(3]
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considered as located on or in back of this panel
board. The current supply means or the con-
nection to an outside current source is also lo-
cated in back of panel board §8. The current
whatever its supply is preferably D. C. current
as only with D. €. current can the electrodes
operate continuocusly without substantial wear
and the full advantages of the invention be
realized. The negative side of the current supply
is connected by a cable 6! to bottom plate &8
while a cable 62 connects the positive side of
the current supply to mold 63. It is essential
that the electrodes and the mold be of the po-
larity stated if the electrodes are to be substan-
tially indestructible. For proper operation it is

necessary that a substantially constant distance
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be maintained between the ends of the electrodes
and the surface of the metal 64. For this pur-
pose the operation of motor 37 iz controlled by
arc control arrangements cut into the electrode
circuit. The arc control arrangements may be
any of the types commonly found in the electric
arc welding and electric furnace arts suitable for
the purpose. These arrangements will be con-
sidered as located in back of panel board ©9.

Mold 83 may be of metal or it may be of re-
fractory material, or o combinaiion of both, de-
pending upon the operation carried out. When
ferrous alloys are produced g metel mold of high
heat conductivity, preferably copper, has been
found satisfactory; such mold is cooled in order
to prevent its destruction by jetting o heat ex-
change medium, usually water, against its sides.
Coil 88 that receives the heat exchange medium
from valved line G§ is provided for this pur-
pose.

After the analysis of the metal requived to be
produced is established snd the raw materipls
selected, the quantitics of the raw meaterials ve-
quired, per unit of $ime, o produce g wredeter-
mined weight, per unit of time, of the metal of
the desired anelysis is determined by simple cal-
culation. When, a8 is ususily wreferred, the op-
eration is carried oui under s protective blanket
of flux §7, Little if any silowance need be made
for loss of maierials. The metering devices, If all
of the raw materials are in varticle form, or
the meiering devices and motor 3¢ or eguivalent
means, when some of the raw materials sre
in pariicle form snd others sre In the form of
rods, wires or other shapes, are set $o feed the
rew materials at the proper rates. ¢ msey he
stated here that while wire 48 is shown as passing
to the fusion zone through the Passagewsy pro-
vided by member 52, it has been shown thus for
convenience only as wire 48, or iis cguivalent,
might be passed through tube 46 as well op it
might be wvassed to the fusion zone outside of
electredes 43,

The various settings having bzen made a body
of metal, or the equivalent, of & thickness sufi-
cient to prevent fusion of the hottom of the moid
is placed in the bottom of the mold. The clec-

trode arrangement 44 is then lowered until the-

tips £9 approach the metal body and wads of
steel wool or other arc starters Interposed be-
tween-the tips 49 and the plug. A proper amount
of the chosen flux §7 is pilaced in the mold. The
valves in lines 54, 57 and 86 are then opened and
the electric circuits closed to set the apparatus
in full operation. The initial surge of current
destroys the arc starter and establishes an arc
between tips 4% and the metal body. The are
control arrangements contrcl the operation of
motor 37 so that frame 36 is moveq %o establish
and maintain the ares at the predetermined
length.

The heat of the arcs fuses metal of {he body
and the fiux and shortly after the action is started
the raw materials work their way through the
molten fiux and are also fused. The desired metal
thus produced forms a pool beneath the blanket
of molten flux. The removal of heat through the
sides of the mold is so conirolled that a suffi-
cient body of molten metal ig present to assure
thorougho intermingling of the constituents ang
production of homogeneous metal. When the
metal produced reaches a predetermined level in
mold 63 the metering devices and any other de-
vices used to supply the raw materials are shut
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down while the discharge of electric current from
the electrodes is continued at a reduced rate until
substantially all of the metal is solidified. The
electric current discharge during this period
should be sufficient to maintain & pool of liquid
metal of constantiy diminishing size until sub-
stantially all of the metal is solidified. If this
is done the solidified ingot will be free of all
shrinkage defects.

Klectrode tips £% have been examined after
long perlods of use and aside from minor changes
in contour little evidence of their wear has been
found. A large number of ingots have been ex-
amined and their analyses reveal no Ingredients
derived from the electrede.

In this disclosure reference is made to strik-
ing an arc and maintaining the gre length; it is
not to be inferred from these statements that
applicant bases this disclosure on the theory that
there is an arc between the end of the electrode
and the molten metal. Applicant has given a
factual disclosure end has used terms common in
the art to desecribe it; he is not concerned with,
and has no inferest in, any particular theory as
to the character of the electric curreni fow
through the gap at the end of the electrode.

While the invention has been described in con-
nection with the manufsecture of ingots, it is not
limited thereto buit is of general gpplication,
Also, while the invention has been gisciosed In
connection with operations in which metal of
desired analysis is continuously produced, it is N
alsc applicable to overations in which the de-
sired metal is produced in betch operations.

I claim: -

i. In spparatus for fusing materials, a metal
clectrode including o tubular bedy portion and
tubular tip having one eng removably united to
one end of said body portion, the other end of
said tip being closed, said tip being made of a
metal of high heat conductivity, a tubular mem-
ber positioned in saig electrode concentrically
therewith, said tubular member entering said’
body portion and extending to the closed end of
said @ip, portions of the walls of seid tubular
member adjacent said tip being removed to pro-
vide a passageway of predetermined arez between
the space within said tubular member and the
space between said electrode and szid tubular
member, means for supplying a cooling medium
to the entering end of said tubular member, and
means for removing the cooling medium from
said electrode.

2. In apparatus for producing metal, an clec-
trode arrangement comprising members defining
2 closed chamber, saidg meimbers including g op
member, a bottom member and side members,
said bottom member having a plurality of spaced
holes. therethrough positioned on the periphery
of a substantially closed curve, a hollow metal
electrode at each of said holes united to said
bottom member and opening into saig@ chamber,
said electrodes having a closed discharge end,
& like plurality of holes in sald top member
aligned with the holes in said bottom member, g
tubular member positicned in each of saig elee-
trodes and having one end adjacent the inner
wall of the closed discharge end of said electrodes,
said tubular members extending through said
chamber and through the hole in said top plate
aligned with their respective electrodes, means
for sealing the space between said tubular mem-
bers and the walls of the holes in said top mem-
ber, means for supplying a cooling medium to said

tubular members, and cooling medium outlet -
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means united to the wall ofﬂaid side member for
evacuation of the cooling medium from said
chamber. ’

3. In apparatus for producing metal; an elec-

. trode.arrangement comprising members defining

a closed chamber, sald members including a top
member, ‘a bottom member, and side members,
said bottom member having a plurality of spaced
holes therethrough positioned on the periphery
of a substantially closed curve; a hollow metal
electrode at each of sald holes; each of saild
electrodes including an open ended hollow body
portion, one end of which opens into said cham-
ber and 18 removably united to the wall of its
hole, a hollow discharge tip portion made of a
metal ‘'of high heat conductivity having its dis-
charge end closed and its other end removably
united to the other end of said body portion; a
plurality of holes in sald top member, each hole
being aligned with a hole in said bottom mem-
ber; a tubular member in each of said electrodes,
sald tubular members having one end adjacent
the inner wall of the discharge end of said tip
_portion, sald adjacent end being formed to pro-
vide a communicationway of predetermined area;
said tubular members extending through said
chamber and the holes in said top member corre-
sponding to their respective elecirodes; gland
means sealing the spaces between said tubular
members and the walls of the holes in said top
member; means for supplying a cooling medium
to the other ends of said tubular members; and
means opening into said chamber for outlet of
the cooling medium from said chamber.

4. In apparatus for producing metal; an elec-
trode arrangement comprising members defining
an annular closed chamber; said members in-
cluding a top member, a bottom member,; and
inner and outer side members, said bottom mem-
ber and said top member having a plurality of
aligned holes therethrough spaced along the pe-
riphery of a substantially closed curve; a hollow
metal electrode, having a closed discharge end, at
each of the holes in said bottom member united
to said bottom member and opening into said
chamber; & tubular member positioned in each
of said electrodes and having one end adjacent
the inner wall of the discharge end thereof; said
tubular members extending through said cham-
ber and the holes in said top member; means
for sealing the space between said tubular mem-
bers and walls of the holes in said top member;
means for supplying a cooling medium to -said
tubular members; means united to the wall of
said outer side member for evacuatidn of the
cooling medium from said chambeér; and means
passing through the central passageway defined
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by sald inner member for conducting the raw

materiels used to produce the desired metal to
the space encompassed by said electrodes.

5. In apparatus for producing metal; an elec-
trode arrangement comprising members defining
an annular closed chamber; said members in-
cluding a top member, a bottom member, and
inner and outer side members, said bottom mem-
ber and said top member having a plurality of
aligned holes therethrough spaced along the pe-
riphery of & substantially closed curve; a hollow
metal electrode, having a closed discharge end,
at each of the holes in said bottom member
united to said bottom member and opening into
said chamber; a tubular member positioned in
each of said electrodes and having one end ad-
jacent the inner wall of the discharge end
thereof; sald tubular members extending through
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sald chamber and the holes in said top member;
means for sealing the space between said tubular

members and walls of the holes in said top mem-
ber; means for supplying & cooling medium to

- said tubular members; means united to the wall

of said outer side member for evacusation of the
cooling medium from said chamber; means pass-
ing through the central passageway deflned by
said inner member for conducting the raw ma-

‘terial used to produce the desired metal to the

space encompassed by said electrodes; a direct
current supply; a mold including a conductive
portion forming a surface of the mold space;
means connecting the negative side of said cur-
rent supply to said electrodes; means connecting
said conductive portion to the positive side of
sald current supply; and means operatable for
moving said electrode arrangement to maintain
a substantially constant electric discharge be-
tween the suriace of the metal produced and the
discharge ends of said electrodes.

6. In the method of treating metalliferous ma-
terial in a zone heated by the discharge of elec-
tric current through a gap, the steps comprising,
establishing a heating zone by discharging elec-
tric current through a gap between a conductive
body and a tubular metal electrode having s
closed ended hollow discharge tip of metal of
high heat conductivity, conducting a confined
stream of liquid cooling medium through the
electrode toward the bottom wall of the discharge
tip and releasing the stream immediately ad-
jacent said wall to sweep the surfzce of said wall
while maintaining the closed end and a portion
of the tip beneath the surface of a depth of flux

- capable of protecting the submerged portion of

the tip from the atmosphere, and adjusting the
flow of the cooling medium to remove heat from
the discharge tip at a rate sufficient to prevent
fusion thereof so that the electric current dis-
charge may be continued substantially indefl-
nitely without destruction of the discharge tip
and without passage of substantial quantities of
the metal thereof into the heating zone.

7. In the method of treating metalliferous ma-
terial in a zone heated by the discharge of elec-
tric current through a gap, the steps comprising,

- establishing a heating zone by discharging elec-

tric current through a gap between & conductive
body connected to the positive side of g source
of direct current and a tubular metal electrode
connected to the negative side of said source and
having a hollow closed ended discharge tip of
metal of high heat conductivity, conducting a
confined stream of liquid cooling medium
through the electrode toward the bottom wall of
the discharge tip and releasing the stream im-
mediately adjacent said wall to sweep the surface
of said wall, controlling the electric current dis-
charge to maintain it of substantially constant
character, simultaneously with the discharge of
the electric current and the flow of the cooling
medium, maintaining at least the portion of the
discharge tip directly effected by the current
discharge and the discharge gap submerged be-
neath the surface of a blanket of flux capable
of protecting them from the atmosphere, and
adjusting the flow of the cooling medium to re-
move heat at a rate to prevent destruction of
the tip and passage of metal of the tip into the
heating zone.

8. The method of producing a melt of metal-

- liferous materials comprising; discharging elec-

(]

tric current through a gap between a conductive
body in & furnace and a tubular metal electrode




6 |
having a hollow closed ended discharge tip of
metal of high heat conductivity; conducting a
confined stream of liquid cooling medium
through the electrode toward the bottom wall
of the discharge tip and releasing the stream
immedistely adjacent said wall to sweep the sur-

face of said weall; simultaneously with the dis- -

charge of the electric current and the flow of the
cooling medium, msintaining the portion of the
discharge tip directly effected by the current dig-
charge and the gap submerged benesth the sur-
face of e depth of Hux in the furnace, and ad-
justing the fiow of the cooling medium fo re-
move heat at a rate to prevent destruction of ¢he
tip and passage of metal of the iip to the region
of the gap; and supplying metalliferous material
at a contreoiled rate into the furnace to be fused
by the heat generated ai the gap beneath the
depth of fux. ’

g, The method of making & metallic body com-
prising depositing molten metal in a mold; dis~
charging electric current through & gap between
the surface of the deposited metal and & tubular
metal electrode having g hollow closzg ended dis-
charge tip of metal of high heat conductivity;
conducting o confined siream of liguid cooling
medium through the elecirode toward the botbom
wall of the discharge tip snd releasing the stream
immediately adjacent sa2id wall to sweep the sur-
face of sgid wall to remove heab therefrom;
simultaneously with the discharge of the electric
current and the Sow of the cooling medium,
meintaining 2 blanket of Sux on the deposited
metal of o sufiicient depth to submerge the gap
and at least the portion of the discherge &ip
direcily aoffected by the current dischearge, and
adjusting the flow of the cooling medium §0 re-
mave heat at o rate to prevens destruction of the
tip and passage of metel of the tip to the de-
posited molten metal; and edivsting the electrie
curreni discharge to magintzin the guaniléy of
hest generated thereby less then the guantity of
heat lost by the molien mefel to progressively
diminish the gueniity of mclien metel in fhe
mold.

10, The method of meking o mefsllic bedy
coraprising discharging electric curreni through a
gap between o conductive bedy in & mold and &
tubuler metal elecirode heving o hollow closed
ended discherge tip of metal of high heat con-
ductivity while maintaining the conductive body
at a positive polarity and the electrode ab & nega-
tive polarity: conducting & confined streesn of
lguid cooling medium through the electrode Go-
ward the boftom wail of the discharge tip and
releasing the stream immediately adjacent said
wall to sweep the surface of said wall {0 remove
heat therefrom; simulianeously with the dis-
charge of the electric current and the flow of the
cooling medium, maintaining the portion of the
discharge tip direetly efected by the current dis-
charge and the gap submerged beneath the sur-
face of a depth of flux in the mold, and adjusting
the flow of the cooling medium o remove heat at
a rate to prevent destruction of the tip and pas-
sage of metal of the tip to the region of the gap;
supplying constituents of the desired metal body
10 the gap to be converted into molten metal;
discontinuing the supply of the constituents when
the moiten metal has risen to 2 predetermined
level in the mold; and after the supply of the
constituents is discontinued adjusting the electric
current discharge o maintain the quantity of
heat generated thereby less than the quantity of
heat lost by the molten metal {o progressively
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dlmlnism h the quantity of molten metal in the
mold.

11. The method of treating metalliferous ma-
terial which comprises, establishing a heating
zone in a furnace by discharging electric current
through gaps between a conductive body con-
nected to one side of a source of electric current
and a plurality of spaced tubular metallic elec-
trodes, each having a discharge tip of metal of
high heat conductivity at its lower end, position-
ing the electrodes within the furnace in such
gpaced relation to each other and to the walls
defining the furnace to supply heat uniformly
through said heating zone and to prevent destruc-
tion of sgid walls when the current is applied,
connecting the electrodes in parallel to the other
side of the electric current source and causing
electric current o discharge through sald gaps,
conducting a confined stream of ligquid cooling
medium through each of the electrodes toward
the bottom walls of the respective discharge tips
ang releasing the stream immediately adjacent
said walls to sweep the surfaces of said walls to
remove heat therefrom, meintaining & blanket of
fiux in said furnace o submerge said conductive
body and the portions of said tips effected by the
electric current discharge, adjusting the flow of
the cooling medium to remove heat at & rate to
prevent destruction of said tips, 2nd supplying
metalliferous material into said zone.

12, In apparstus for fusing metalliferous ma-
terigls, & tubular metsl electrode including a
elosed ended tubular discharge tip, said tip being
made of metal of high heat conductivity, a tubu-~
lar member positioned in sald electrode and ex-
tending to the closed end of said tip, portions of
the walls of seid tubular member adjacent said
tip being removed to provide o passageway of
predetermined area between the space within
said tubuler member and the space hetween said
tip and said tubular member, means for supply-
ing & cooling medium %o sgid tubular member,
epnd means for removing the coocling medium
from the clectrode.

13, Aun epparatus for fusing metallifercus ma-
terials, & hesting zone defning member having a
conductive portion, said member being adapted
to receive a blanket of protective Aux therein, a
tubular electrode having 2 closed ended current
discharge tip of metal of high heat conductivity
adapted to extend inbo said member with at least
the portion of said tip from which current is
discharged submerged heneath the surface of
said blanket of fiux, a source of direct current,
means conbecting sald conductive portion to the
positive side of said current supply, means con-
necting said electrode to the negative side of said
current supply, means for maintaining a cur-
rent discharge of predetermined characteristics
through a gap beneath the surface of the flux
blanket between said discharge tip and said con-
ductive portion, tubular means within said elec-
trode and extending to the closed end of said tip
having portions of its walls removed to provide a
passageway of predetermined area between the
space within said tubular means and the space
between said tubular means and said tip for con-
ducting a cooling medium through said electrode
directly to said closed end to remove heat there-
from, while the portion of said tip from which the
current is discharged is maintained beneath the
surface of the blanket of flux, at a rate to prevent
destruction of said tip and passage of substantial
quantities of the metal thereof into the heating
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zone, and means for removing the cooling
medium from the electrode.

14. In apparatus for fusing metalliferous ma-
terials, ¢ frame, & plurality of spaced tubular
electrodes supported by said frame, each of said
electrodes having a closed ended discharge tip of
metal of high heat conductivity, a tubular mem-
ber within each of said electrodes extending to
the closed end of the discharge tip of its electrode
for conducting a cooling medium through its
electrode directly to said inner wall, portions of

the walls of said tubular member adjacent said-

&

7

tip being removed to provide a passageway of
predetermined area between the space within
said tubular member and the space between said
tip and said tubular member, means for supplying
8 cooling medium through said tubular members
to said inner walls to jet directly thereagainst
and pass upwardly in said electrodes, means for
removing the cooling medium from said elec-
trodes, and means for discharging electric cur-

10 rent from said tips for the purposes stated.
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