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My invention relates ‘to an, electric-arc furnace for 
titanium or other high-melting-point metal. While not 
limited to any precise size 'orrcondition of the metal to 
be melted, my invention is especially adapted to. the 
arc-meltingof‘high-melting point, electrically conduct 
ing, particulate material composed, of any-sized small 
particles which are substantially smaller than the‘ size 
of the ingot or casting or_melt which is to be produced 
or formed in the furnace. I especially contemplatethe 
melting of a material, such as titanium, which is air 
sensitive oroxygen-hungry or otherwise chemically active 
at its melting temperature, or the melting of metals such 
as titanium, zirconium, chromium, ‘imolybdenum and 
tungsten, as well as the carbides, oxides and other com 
pounds of such metals, which‘have a melting point so 
high as to involve contamination-di?iculties with ceramics 
and conventional crucible-materials. In general, the 
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melting-pot or crucible or mold will be made from a ?uid- _ 
cooled material, such as copper, which is a good heat 
conductor, so that the molten titanium will not be in 
contact with a hot crucible of .any available crucible 
material, thus avoiding the destruction of thepcrucible 
and the contamination of the titanium. ' p - 

There have been two general types of electric-arc melt 
ing-furnaces for titanium, in the past. Onetype used a 
small anode or cathode for the arc, said anode or cathode 
being disposed above the melt and being composed of 
graphite or a metal having a still higher melting point 
than the melt, in combination with meansfor pouring in 
the powdered material which is to'be melted.- The fur 
nace operated at atmospheric pressure or other su?iciently _ 
high pressure so that the arcdid not spread over a large 
area of the electrodes. This type of furnace had the dis 
advantage that enough of the anode-material would be 
come vaporized, to objectionably contaminate the melt. 
‘The other, and more practical, previously known form 

of electric-arc melting-furnace required the use of a long 
anode or cathode of compressed sponge-titanium, which 
‘was melted oif into'a pool‘of molten titanium ‘which was 
held in a water-cooled copper mold. The titanium elec 
trode was made up from a sponge form of titanium which 
was obtained in the form of small pieces or blocks,-which 
had been compressed until they were about'75% solid. 
These blocks had to be carefully welded together in order 
to produce an anode containing su?‘icient titanium to 
produce a melt which is considerably larger than any 
one of the available compressed blocks of sponge-tita 
nium. Such a furnace operated at su?icient gas pres 
sure to keep a concentrated arc. 
had the disadvantages that considerable cost was re 
quired to produce the pressed titanium-sponge anode, 
and that the furnace could not be operated at low gaseous 
pressures because the cathode spot of the arc would'then 
spread over to, and burn, the water-cooled wall of‘the 
cathodic container, or if the potential was reversed, the 
cathode-spots would run up the sides‘ of the titanium 
sponge electrode and not'melt the‘ end of the electrode. 

‘ Since a high, vacuum could‘inot be used,_the titanium had 

This type of‘ furnace‘ 
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to‘be melted, therefore, in a protective atmosphere, usu-' 
ally consisting of a mixture of helium and argon. 
My present invention overcomes such disadvantages by 

using an anode which has a large e?ective area which 
is cooled to'a point such that the anode is substantially 
non-consuming, the titanium being introduced in the 
powdered or crushed form. I use a vacuum which is high 
enough, or a pressure which is low enough, so thatthe 
arc spreads out and covers a large ‘area of anode, thus 
making’it feasible to use ‘an anode which has a su?i 
ciently largeefr’ective surface-area so that it is possible 
to adequately cool it to such a point that substantially 
no impurities are introduced into the melt from the 
anode-material. The cathode" spots are held on the 
molten titanium surface, even at very low pressures, by 
means of special shielding or special magnetic ?elds.‘ ' 

‘ if the anode of my improved furnace is composed of 
a large mass] of titanium, its cooling can be effected by 
radiation ‘to other ?uid-cooled surfaces in the furnace, to 
such a degree that the anode is not melted or consumed 
at any substantial rate; and such trace-quantities of the 
anode-material as may get into the melt will not be ob 
jectionable because the anode is composed of substan 
tially the same material as the melt. . 
On the other hand, the ‘anode of my furnace can be 

directly water-cooled, in which case, it would not be 
made of titanium, and would not need even'to be made 
of a high-melting-point,metal. In fact, I prefer to use 
water-cooledanodes of copper, or other good conduc 
tors of heat and electricity, which are cooled to such a 
point thatno objectionable quantities of impurities are 
introduced into the meltby reason of the vaporization 
of the‘anode-material. , ‘ 

.In order to make ‘possible the use of such a good vac 
uum,.in all forms of embodiment of my invention, the 
furnace must be provided with a means for shielding 
the. wall of the container, or otherwise protecting it, ‘so 
that the arc will not spread out and play upon the wall 
of the container. For this purpose, I may use either a 
shield, or a magnetic ?eld, or both, as will be subse 
quently described. ' 

Several exemplaryrforms of embodiment ‘of my inven 
tion are shown in the accompanying drawing, wherein: 
‘Figure l is a, diagrammatic view of circuits and ap 

paratus, using my invention in an exemplary direct-cur 
rent furnace using a' single water-cooled main anode, the 
furnace-structure being indicated by means of a somewhat 
diagrammatic vertical sectional View; , 

Fig. 2, is a somewhat diagrammatic vertical sectional 
view of a modi?ed form of ‘embodiment of the type 
of furnace which is shown in Fig. l, with a di?erent 
location of the hopper for the powdered titanium, and 
with a different means for maintaining the desired arc 
length; ‘ I 

Fig. 3 is a diagrammatic view of circuits and ap 
paratus, using my invention in a three-phase arc-furnace 
which serves as its own recti?er, with a somewhat dia 
grammatic representation of a vertical sectional view 
of the furnace, said furnace being also provided with a 
magnetic ?eld for assisting in keeping the are off of ‘the 
side-‘walls of the melting-pot; and. 

Fig. 4 is a View similar to Fig. 1, showing an alterna 
tive construction, using a substantially non-consuming 
titanium anode, as well as the means for producing the 
magnetic ?eld as shown in Fig. 3. 

In Fig. l, I show my invention as being embodied in 
an electric-arc melting furnace which comprises an air 
tight enclosure 5, which is provided with a pumping con 
nection 6 whereby the enclosure may be evacuated, as 
by means of diagrammatically indicated diffusion and 
mechanical pumps 7. A lower portion of the enclosure 
consists. ofra nonconsuming cathodic melting-pot 8, which 
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consists of cylindrical copper side-walls 9 which are sur 
rounded by a water-jacket 11 for cooling purposes, and 
a removable or plunger-type copper bottom-wall 12 which 
is‘ c‘ooled'by a water-jacket 13 disposed. beneath said 
bottom-wall. The inner surfaces ofv the side and bottom 
walls 9‘ and 12 of the melting-pot‘ 8v are‘ thus disposed 
within the enclosure 5. 

' Underneath the bottom-wall 12 of the melting-pot or 
crucible or mold 8, the air-tight enclosure 5‘is' provided 
with'a removable bottom-plate 14, which is provided with 
an air-tight gasket 15, and which is held in place by 
hinged bolts 16 having quickly removable wing-nuts 17. 
The bottom-wall 12 of the melting-pot 8 is provided with 
a depending piston-rod or supporting column 18, which 
passes slidably through a suitably gasketed perforation 19 
in the center of the bottom-plate 14 of the enclosure. 
The lower end of the piston-rod or supporting-column 
18 is provided with a supporting-means (not shown), 
which is usually in the form of‘ a lifting-jack which is 
provided whereby the melting-pot bottom-wall 12 may be 
raised or lowered, as is well understood in the art. 

In the upper portion of the meltingepot 8, in Fig. 1, 
I provide an annular water- or ?uid-cooled main anode 
21, which is shown in the form of a coil or cylindrical 
helix of metal tubing which may be made of copper or 
other good conductor of heat and electricity. The inlet 
and outlet ends of this copper tubing 21 extend up through 
suitable insulating air-tight bushings 22 which are pro 
vided in a removable top-plate 23 of the enclosure 5, 
so that coolinglwater may be admitted to, and discharged 
from, this anode-coil 21, as diagrammatically indicated 
by the arrows, and so that electrical connections may be 
made, as indicated at 25. 

Disposed centrally inside of the anode-coil 21 is a 
small starting-anode 27, which is preferably made of 
titanium, and which merges with, or is connected at its 
top to, a horizontal supporting-portion 28, the end of 
which is insulatedly pivoted, at 29, to a side wall of 
the enclosure 5. This horizontal supporting-portion 28 
of the starting-anode 27 can be raised or lowered, as 
by means of a starting-anode terminal-lead 31, which is 
insulatedly connected to an air-tight bellows. 32 sur 
rounding a hole inthe removable top-plate 23 of the en 
closure 5. _ _ 

The top-plate 23 of the enclosure in .Fig. 1 is illus 
trated: as ‘being provided with’ an upwardly extending 
cylindrical extension 34, which serves as a-housingfor a 
hopper 35 which is adapted toecontain‘the powderedma~ 
terial, such astitanium 36,- which is to be melted into 
an ingot which is formed in the. melting-'pot-or: mold 8. 
The lower end of the hopper 35 is'providediwith‘a funnel 
37, or other suitable means, whereby the powdered mate-y 
rialirnay be delivered‘ so that it‘will? drop down‘through 
the anode-coil 21‘ during‘ ‘the operation‘ of the furnace. 
Any suitable powder-delivering control-mechanism-may'be 
used, such as is symbolically'indicatedf by'an operating 
means which is secured to the bottom of the hopper 35, 
said means being illustrated‘ as a horizontal‘ shaker-rod 
38, which extends'through a bellows-surrounded hole 39 
in a side wall of the enclosure 5. 

In accordance with my invention, the annular space 
between the anode-coil‘ 21 and the‘u'pper portions of? the 
side-walls 9 of the melting;pot‘8, is‘ occupied‘by a'cylin 
rical arc-shield or ba?le 41, for. preventing, or. helping 
to prevent, the are from‘ playing over onto the. side-walls 
9 of'the melting-pot. Preferably,’ the lower end of. the 
ba?le '41‘ extends slightly lower than the lower end 
of the anode 21, but not low enoughto come into con 
tact with the top of ‘the melt or ingot‘ 42 which‘. is being 
produced in themelting-pot. In many cases, some'or all 
of the ba?le will be water-cooled, as by means of a 
water jacket 43, terminating in pipesv 44 which extend 
through insulating air-tight bushings'46‘in' the top-plate 
23. of the enclosure. 

Electrical energy is appliedto the'furnace' of Fig. 1 
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4. 
through a step-down delta-star transformer 47, which 
feeds‘ Iow-voltage high-current‘ energy of something ‘like 
2,000 amperes or more, through recti?ers 48 having an 
anode lead 49 which is connected to the electrical con 
nections 25 of the main anode 21, and a cathode-lead 51 
which is connected to the» supporting-stem 18 of the bot 
tom-wall 12 of the melting-pot‘ 8'. A branch-connection 
is also provided, from the anode-lead 49, through a 
starting-anode resistor 52 and a switch or push-button 
53, to the starting-anode terminal-lead 31. 

In the operation of the apparatus shownin Fig. 1, the 
bottom-wall 12 of the melting-pot 18 is initially in its 
uppermost position. Preferably, this bottom-wall 12 ini 
tially carries, at its center, a small starting-electrode or 
base 54 of titanium, which can be momentarily engaged 
by the bottom tip of the starting-anode 27, which is 
quickly drawn away, either by a slight lowering of the 
bottom-wall 1-2, or- preferably by a quick elevation of 
the starting-anode 27, through an upward pull on its 
terminal-lead 31. If the starting-anode 27 'is raised high 
enough, it will not appreciably melt, and may be used 
for many successive melting. or molding operations of 
the furnace. Whether theinitial titanium starting-cath 
ode lump 54 is used or not, it is also desirable initially to 
pour in some powdered titanium from the hopper 35, 
before the starting-switch or push-button 53 is closed. 
As soon as the starting-arc is formed at the bottom of 

the starting-anode 27, a main are forms, between the main 
anode 21 andithe small amount of titanium material which 
is initially carried, by the bottom-wall 12 of the melting 
pot 8. Suf?cient current musttbe fed into the main. anode 
21 to melt the powdered titanium as it is fed into the 
melting-pot 8 from the» hopper 35, this operation usually 
requiring more than 2,000-amperes, or whatever amper 
age may be necessary, depending upon the size of the 
apparatus. andtherate at which’ the melting-operation is 
to be accomplished. 

Because of the maintenance of a high vacuum, through 
the pumping connection 6, the are, or a multitude of small 
parallel-operating arcs,.spread out and cover a large area 
of the anode 21,. as well as a fairly large area in the 
central portion of the top of the material in the melting 
pot 8. Usually, this will require a pressure of less than 
several millimeters of- mercury,.say 5 millimeters or less, 
or in general‘ a pressure at which the are thus spreads out 
and covers a large area of anode. Because of the large 
anode-area, it is possible, in my furnace, to successfully 
water-cool the anode,‘so that its large e?ective surface is 
kept‘ so cool that it will not be objectionably vaporized 
by the playing of the ever-moving arc-terminals thereon, 
thus avoiding both the destruction of the anode and the 
contamination of the titanium-melt or ingot, as‘ well as 
avoiding the necessity for using a high-melting-point non 
consuming anode-material. 
The arc-shieldor ba?le 41 prevents the cathode spots 

from moving over onto the furnace-wall 9. This is ac 
complished by causing the bottom of the shield or baffle 
41 to be spaced by only a small distance from the top of 
the molten material or melt 42 in the melting-pot 8, so 
that the arc-length of any are which would terminate on 
the side-walls 9, above this melt or ingot 42, would cause 
such an arc to have an arcing-voltage which is higher 
than the arcing voltage of the shorter main-arcs which 
play, in a more direct path, between the anode 21 and 
the melt or ingot 42, so that the longer arcs, such as an 
arc which has a cathode-spot on the side-walls 9, could 
neither form itself in the ?rst place, nor be maintained if 
for an instant it might be formed‘ for any reason. The 
position of the plunger-type bottom-wall 12 of the con 
tainer or melting-pot 8 must’ be such that only a small 
gap‘ is maintainedbetween. the bottom of. the shield or 
ba?le 41 and the surface of the molten titanium ingot 
or melt 42. Only the top surface of this titanium ingot 
is. melted,.and the'partlbelow it forms a solidingot of 
titanium. There will be many; cathode'spotson the sur 
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face of the titanium, so that itwill remain molten, but 
the copper wall 9 of the container ‘will not‘ be melted, 
because of its water-jacket 11, and. because the space 
between the bottom of the shield 41 and the surface of 
the titanium is too restricted to maintain an are which 
extends over to the side-walls 9, as just explained. 

I have not attempted to illustrate a means for deter 
mining the level of titanium from the outside of the fur 
nace, as suitable means for this purpose can be provided, 
either by means of measuring the wall-temperature, or by 
measuring the voltage of the arc-drop within the furnace. 
My‘present invention does. not concern itself with such 
details, other than that suitable means should be provided. 
'The heat which is radiated from the molten titanium 

surface is shielded from the main bushings 22 and 46 
by heat-shields 56, which'also prevent evaporated titanium 
from condensing on the insulators. The insulated pivotal 
joint 29 for the starting-anode27 may also be shielded, 
as indicated at 57, for preventing condensation on this 
insulator. - 

When the melting operation is ended, the ?nished ingot 
42 is- removed by loosening the removable bottom-plate 
14 of the enclosure, and lowering the piston-type bottom 
wall 12 of the melting-pot or mold 8. After the removal 
of the ingot, thepiston-type bottom-wall 12 may be re 
placed in the mold or melting-pot 8, and the bottom-plate 
14 of the enclosure may be bolted back in place. 1 

Before the furnace is ready for a second melting-opera 
tion, it is usually necessary to replenish the powdered 
titanium in the hopper 35, which may be accomplished 
by means of a readily removable hopper-cover 58, which 
closes the top of the hopper-housing 34. 

Fig. 2 shows a modi?ed form of ‘my furnace in which, 
‘instead of using the hopper 35 of Fig. l, I provide a hop 
per 65 which is disposed‘ above the water-cooled annular 
anode 66. This‘hopper 65 is provided, at its lower end, 
with .a valve or gate 67, for dropping powdered titanium 
.(or other particulate material) through the annular anode 
66, under the control of an upwardly extending valve-stem 
68, which is operated, at the top, by means of an external 
‘solenoid or magnet-coil 69. 

In Fig. 2, the water-cooled annular anode 66 is in the 
form of a double-walled funnel-shaped device, with the 
space between the two walls occupied by a spiral or other 
baffling-means for causing the cooling-water, which enters 
through the inlet-pipe 71, to travel through the anode and 
be expelled through the outlet-pipe 72. The inlet and 
outlet-pipes 71 and 72 are in communication with nested 
cylinders 73 which are vertically slidable within a suit 
able air-tight gland 74 in the remarkable cover 75 of an 
upstanding cylindrical wall-member 76 which extends up 
from the top-plate 23’. , 1‘. t p ‘ ’ 

In Fig. 2, the movable starting-electrode 2,7 of Fig. 1 
is omitted, and its place is taken by a small replaceable 
consumable titanium starting-anode 77, which is friction 
ally inserted in a protuberance 78 on the inner funnel 
surface of the main anode 66. t This starting-anode 77 
melts away and disappears, in the heat of the main are, 
after said starting-anode has completed its starting 
function in Fig. 2. _ > 

In Fig. 2, the baf?eor arc-shield 41’ is not directly 
water-cooled, being cooled by its juxtaposition to the 
cooled anode 66 and the cooled side-walls 9 of the 
melting-pot 8. This ba?ie or arc-shield 41' is supported, 
at its top, by insulators 31 which rest on top of the 
hopper 65 in Fig. 2. 
A further alternative construction, which is shown in 

Fig. 2, concerns the method by which a proper arc-length 
is maintained within the furnace. Instead of using the 
system shown in Fig. 1, in which the 
the same point, being determined by the position of the 
bottom. end of a ?xed main anode 21, the arc-level in 
Fig. 2 is at variable heights, starting at or near the bot 
tom of the melting-pot 8, and mounting upwardly as the 
molten titanium is deposited in. saidyimelting-pot. Thus, 

arc-level is always at‘ 
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in Fig. 2, instead of providing a movable water-cooled 
bottom-wall 12 for the melting-pot 8, as shown in Fig. 1, 
this element is omitted in Fig. 2, and its place is taken 
by the central portion of the bottom-plate 14' of the en— 
tire enclosure, this central portion of the bottom-plate 
being cooled, as indicated by the water-jacket 82. In 
order to maintain the proper arc-length, the entire anode 
assembly is gradually raised, during the operation of the 
furnace of Fig. 2, so as to maintain a constant arc 
length, or a constant separation of the main anode 66 
and the batiie or arc-shield 41' above the molten surface 
of the titanium melt in the melting-pot 8.‘ The raising 
of the anode-structure in Fig. 2 can be accomplished, at 
the extreme top of the anode-assembly, by the use of a 
suitable lifting-bolt 83, which may be mechanically 
lifted,‘ under either manual or automatic control, as may 
be needed in order to maintain the proper arc-length or 
arc-voltage. . t 

In Fig. 2, also, I provide a structure in which, instead 
of requiring insulating bushings 22 and 46, in a top-plate 
23 which is electrically at the same potential as the 
cathodic melting-pot 8, I provide a main cylindrical or 
annular insulator 84, which provides electrical insulation 
between the melting-pot 8 of Fig. 2 and the top-plate 23' 
thereof, so that the nested cylinders 73 do not need to be 
insulated from the removable cover 75 of Fig. 2, at the 
place where they slide through their air-tight gland 74. 

It is believed that the operation of the apparatus shown 
in Fig. 2 will be readily understandable from the explana 
tions which have been given in the course of its descrip 
tion, and from the explanation of the operation of the 
apparatus shown in Fig. 1. I 

Fig. 3 shows two otherfeatures of my invention, which 
could be embodied in any of the forms of embodiment of 
the invention; namely, a polyanode construction, and a 
magnetic shielding-means for keeping the arc 01f of the 
side-walls 9 of the melting-pot 8. Thus, in Fig. 3, the 
furnace is provided with three water-cooled anodes 91, 
92 and 93, which, for diagrammatic purposes, have been 
shown all in a straight line,‘ although it will be readily 
understood that they will actually be deposed at the 
apices of an equilateral triangle, that is, symmetrically 
with respect to the center-line of the melting-pot. The 
furnace-structure may otherwise be similar, in most re 
spects, to that which has been described in connection 
with Fig. 1, except that, in Fig. 3, the three anodes 91, 
92 and 93 are directly energized from the three secondary 
phase-terminals of the main power-transformer 47. 
These three anodes operate as a three-phase recti?er, so 
that a direct current ?ows to the cathode-pool or top 
surface of the melt or ingot 42. The cathode lead 51’, 
in Fig. 3, is connected to the star-point of the secondary 
winding of transformer 47. ‘ 

In Fig. 3, instead of using a movable starting-anode 
27 such as was shown in‘ Fig. 1, I have shown a small 
replaceable consumable titanium starting-anode 77", 
similar to that which was shown in Fig. 2, this starting 

' anode 77’ being frictionally held, in Fig. 3, within a pro 
tuberance 78’ which is carried by the inner cylindrical 
surface of the cylindrical ba?ie or shield 41 which sur 
rounds the three anodes 91, 92 and 93. The small 
needed starting-current for the starting-anode 77' ‘may be 
provided, in Fig. 3, by a starting-circuit containing a 
switch or push-button 94 and a battery 95, connected be 
tween one of the cooling-pipes for the ba?le 41, and the 
cathode~lead 51' or the secondary star-point of the 
transformer 47. This small titanium starting-anode 77’, 
in Fig. 3, melts off, in the heat of the main arc, during 
the ?rst few moments of operation of the furnace. 

In Fig. 3, I also show the use of a magnet-means which 
is disposed outside of the‘side-walls of the melting-pot 
8, and an internal magnetic cylinder which‘ is water 
cooled, for producing a magnetic ?eld having ?ux-lines 
which leave or enter the top surface of the melt’ 42 in a 
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ri'ng-shaped area'- within the melting-pot. In Fig. 3', this 
external magnetlm'eans is shown in the form of‘ an an 
nular magnetizab‘le ring or core 96, having a channel 
sliaped crossesection, so that it terminates in upper and 
lower-?anges or pole-pieces 9'7 and 98, which come close 
to the main water-jacket 1-1 which surrounds the side 
walls 9 of the melting-pot 8, the upper pole 97 being 
above the level of the top surface of the titanium ingot 
42, while the lower pole 98 is below said surface. Any 
suitable means may be used for giving this magnet 
member 96 the properties of either a permanent or elec 
tric magnet, so that its upper pole 97 will be of one 
polarity, while its lower pole-98‘ is of the opposite polarity, 
the- direction of the polarity being immaterial. An elec 
trically energized magnetizing means is shown, in the 
form of a- direct-current coil 99', which is disposed either 
inside or outside of the vertical portion of the magnet 96. 
In the illustrated embodiment, the coil 99 is disposed in 
side of the magnet 96, between the upper and lower 
?anges 97 and 98, and it isv serially connected in the 
cathode-lead 51’. 
To make the magnet-means of Fig. 3 effective, it is 

necessary that the side-walls 9 of the melting-pot 8, as 
well as the metal parts of the water-jacket 11, shall 
be of non-magnetizable- material, so that the magnetic 
?ux which enters and leaves the inner peripheries of the 
upper and lower ?anges 97 and 98 shall be able to pene 
trate into the space within the melting-pot 8. The baf 
?e or arc-shield 41 (if it is used at all) may be of either 
nonamagnetizable or magnetizable material. If said 
shield. 41 is used, as illustrated in Fig. 3, it is advantage 
ous to make it of magnetizable material, so that a good 
share of the flux of the magnet-member as will ?ow in 
a‘ vertical direction in this shield 41. The lower end of 
this shield then acts as an annular magnet pole which is 
spaced closely above. the top surface of the titanium melt 
42, at a radius which is just inside of the outer rim of 
the‘top' surface of this melt or ingot. 
The magnetic lines of force, in Fig. 3, are thus disposed 

in an essentially vertical direction, or a direction having 
a vertical component, so that any are which might tend 
to drift over and fasten its cathode-spot onto the side 
walls 9 of the melting-pot 8 would have to cut this ver 
tical magnetic ?eld, which would have the effect of swiftly 
rotating the electrons and ionized particles which com 
pose the arc, thus enormously increasing the effective arc“ 
length, and hence the arc-voltage of such an are, making 
it impossible to form such an arc in the first place, or to 
maintain it even‘ though if, for some inexplicable rea 
son, it might momentarily form with a cathode-spot on 
the crucible-wall 9. This long-arc protective action of 
the magnetic ?eld in Fig. 3 is thus similar to that which 
has been explained for the baffle or shield 41, in connec 
tion with- Fig. 1. 
it will be understood, of course, that the magnet-means 

96 of Fig.‘ 3 can be used, also, with a single-anode fur 
nace which is supplied with direct current. It will also 
be understood that the single water~cooled copper non 
consuming anode 21 of Fig. l could‘ be replaced with a 
solid or massive anode which is made of titanium or com 
pressed titanium sponge, and which, because of its mass 
and its large surface-area, and its juxtaposition to other 
members which are water-cooled‘, operates at a low 
enough temperature so that the titanium of the anode is 
not melted or consumed or any material extent. These 
alternative structures‘are illustrated in Fig. 4-. 

In Fig. 4, the main anode N1 is an uncooled solid 
block of titanium, or piece of compressed titanium 
sponge, or other material which is substantially the same 
as the substance of which the melt or ingot 42 is to be 
composed. This anode is too big, and too close to ad 
iacent. cooled surfaces, to get hot enough to melt, but it 
was fairly hot, much‘ hotter than the water-cooled cop 
per. anode 21: of’Figql. The advantage of a hot anode 
is that it. prevents‘ the condensation of such slight irn 
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purities as maybe present in the furnace, so that‘ these 
impurities do not condense on- the anode, where they 
might interfere with the functioning of the anode as a 
suitable arc-terminal, particularly if said impurities were 
non-conducting. Nevertheless, since the anode 101 runs 
fairly hot, there will be more‘ vaporization because of its 
fairly high temperature, but by making the anode of 
titanium, I prevent any slight vaporization of the anode 
material from introducing impurities in the melt, which‘ 
is also of titanium. 
T he Fig. 4 construction‘ uses the same hopper arrange 

ment as in Fig. 1', for pouring powdered titanium down 
between the anode 101 and the bathe or shield 41, and 
thus into the melting-pot 8 of the furnace. 

Fig. 4 illustrates the use of a slightly different type of 
starting-electrode, in which the starting-cathode mass 54 
of Fig. l‘ is replaced by a starting-cathode mass 104 which 
is provided with a small upstanding spike 195, which 
serves as a small consumable titanium starting-electrode, 
which will be melted in the ?rst few moments of opera 
tion of the device. 
My new furnaces have the advantage that very large 

ingots can be made from a powdered titanium source, 
without having to' compact the sponge-titanium material 
and weld it together to form a consumable electrode. By 
using a high vacuum in the furnace, good titanium can be 
produced, with only one melting, since the time in the 
melting stage can be controlled by the rate at which new 
material is added to the melt. My furnaces were more 
particularly designed for ingots larger than 12 inches in 
diameter, but the furnaces could be made in almost any 
size. 1 

I would emphasize the importance of the internal shield 
as a means for making possible the use of a low-pressure 
non-concentrated arc, and the importance of the small 
space which is required, between the bottom of this shield 
and‘ the melt, in order to keep the low-pressure are off of 
the side-Walls. 

While I have illustrated only a few suggestive forms 
of embodiment, and while I have‘ described my furnaces 
more particularly with reference to the melting of tita 
nium, I wish it to be understood that my invention is 
not limited to these precise structural forms or to the 
use of only titanium as the composition of the melt or 
ingot. Certain structural features which are not spe 
ci?cally claimed herein are claimed in a companion 
application of Edwin W. Johnson, Serial No. 479,881, 
?led January 5, 1955. 

I claim as my invention: 
1. An electric-arc furnace for particulate material con 

sisting of a high-melting-point electrically conducting sub 
stance which is chemically active at its melting tempera 
ture, said furnace comprising a substantially air-tight 
enclosure, a nonconsuming cathodic melting-pot com 
prising ?uid-cooled side-walls and a fluid-cooled bottom 
wall having inner surfaces which are within a lower 
portion of said enclosure, said side-walls and said bottom 
wall being made of a metal which is a sufficiently good 
heat-conductor so that their inner surfaces are kept below 
the temperature at which a substantial reaction takes 
place with a melt in the melting-pot, said bottom-wall 
being removable from the enclosure whereby a melt may‘ 
be removed‘ from the melting-pot, nonconsuming anode 
means having an extensive active surface-area which is 
within, the enclosure and which is within the side-walls 
of said melting-pot in spaced relation thereto, a hopper 
for said particulate material in an upper portion of said 
enclosure, said enclosure further having a removable por 
tion whereby a fresh charge of particulate material may 
be’ introduced: into said hopper, a means for discharging 
particulate material‘ from said hopper into said melting 
pot, terminal-means whereby an electric arc may be‘ 
caused’ to playv between said anode-means and the top 
of. a melt-- which is accumulating‘ in said melting-pot‘, a‘ 
means for. maintaining, in said enclosure, a- vacuum which‘ 
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is high enough to cause the arc to spread out and cover 
a large area of both the anode-means and the melt, the 
material to be melted being of such nature as to be 
susceptible to such arc-spreading over the top of the melt 
at the operating vacuum, a means, which is out of con 
tact with the molten top surface of the melt, for keeping 
the are from moving over the top surface of the melt to 
the side-walls of the melting-pot, and a vertical-adjust 
ment means whereby to adjust the arc-length between 
said anode-means and the melt in said melting-pot. 

2. The invention as de?ned in claim 1, characterized 
by said anode-means being operated under such condi 
tions that its surface-temperature remains su?iciently low 
to substantially prevent the melting of the electrode 
material and the contamination of the melt, during the 
operation of the furnace, further characterized by the 
side-walls of said melting-pot being of non-magnetizable 
material, and still further characterized by said means 
for keeping an arc-terminal from moving over to said 
side-walls comprising a magnet-means disposed outside 
of said side-walls for producing a magnetic ?eld having 
?ux-lines which leave or enter the top surface of the melt 
within said melting-pot. 

3. The invention as de?ned in claim 1, characterized 
by said anode-means being operated under such condi 
tions that its surface-temperature remains su?iciently low 
to substantially prevent the melting of the electrode 
material and the contamination of the melt, during the 
operation of the furnace, and further characterized by 
said means for keeping an arc-terminal from moving 
over to said side-walls comprising a nonconsuming shield 
ing-means disposed between said anode-means and said 
side-walls the lower end of said shielding-means being 
spaced closely above the top of the melt, and further 
characterized by said vertical-adjustment means includ 
ing a means whereby to adjust the spacing between the 
lower end of the shielding-means and the top of the melt. 

4. The invention as de?ned in claim 3, characterized 
by at least a portion of said shielding-means being ?uid 
cooled. 

5. The invention as de?ned in claim 3, characterized 
by the lower end of said shielding-means extending below 
the lowest surface of said anode-means, in combination 
with a consumable starting-electrode whereby an arc may 
be started between said starting-anode and said cathodic 
member without ever bringing said shielding-member into 
electrical contact with said cathodic member. 

6. The invention as de?ned in claim 3, characterized 
by the side-walls of said melting-pot being of non 
magnetizable material, and further characterized by said 
means for keeping an arc-terminal from moving over to 
said side-walls further comprising a magnet-means dis 
posed outside of said side-walls for producing a magnetic 
field having ?ux-lines which leave or enter the top surface 
of the melt within said melting-pot. 

7. The invention as de?ned in claim 3, characterized 
by the side-walls of said melting-pot being of non 
magnetizable material, further characterized by said 
shielding-means being of magnetizable material, and still 
further characterized by said means for keeping an arc 
terminal from moving over to said side-walls further 
comprising a magnet-means disposed outside of said side 
walls for producing a‘magnetic ?eld between the lower 
end of the shielding-means and the rim-portion of the 
melt in said melting-pot. 

8. An electric-arc furnace for particulate material con 
sisting of a high-melting-point electrically conducting sub 
stance which is chemically active at its melting tempera 
ture, said furnace comprising a substantially air-tight 
enclosure, a nonconsuming cathodic melting-pot compris 
ing ?uid-cooled side-walls and a ?uid-cooled bottom-wall 
having inner surfaces which are within a lower portion of 
said enclosure, said side-walls and said bottom-wall being 
made of a metal which is a suf?ciently good heat-con 
ductor so that their inner surfaces are kept below the 
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temperature at which a substantial reaction takes place 
with a melt in the melting-pot, said bottom-wall being rel,‘ 
movable from the enclosure whereby a melt may be 
removed from the melting-pot, an anode of substantially 
the same substance as the particulate material which 
the furnace is adapted to melt, said anode having.__an 
extensive active surface-area which is within the enclosure 
and which is within the side-walls, of said melting-pot 
in spaced relation thereto, a hopper for said highmelting 
point, electrically conducting, particulate material in an 
upper portion of said enclosure, "said enclosure further 
having a removable portion whereby afresh chargeof 
particulate material may be introduced into said hopper, 
a means for discharging particulate 'materialfrom, said 
hopper into said melting-pot, terminal-means whereby‘ an, 
electric arc may be caused to play between said anode 
and‘ the top of a melt which is accumulating said 
melting-pot, a means for maintaining, in said enclosure, 
a vacuum which is high enough to cause the arc to spread 
out and cover a large area of both the anode and the 
melt, the material to be melted being of such nature, as 
to be ‘susceptible to such _arc-spreading.over thetop of 
the melt at the operating vacuum, a ?uid-cooled non 
consuming shielding-means, disposed between said anode 
and said side-walls, the lower end of said shielding-means 
being spaced closely above the top of the melt whereby 
to keep the are from moving over the top surface of the 
melt to the side-walls of the melting-pot, and a means 
whereby to adjust the arc-length between said anode 
means and the melt in said melting-pot, and whereby to 
adjust the spacing between the lower end of the shield 
ing-means and the top of the melt, said anode having 
such a size and thermal relation to other cooled surfaces 
that it does not get hot enough to melt in substantial 
quantities during the operation of the furnace. 

9. The invention as de?ned in claim 8, characterized 
by the side-walls of said melting-pot being of non-mag 
netizable material, further characterized by said shielding 
means being of magnetizable material, in combination 
with a magnet-means disposed outside of the side-walls 
of the melting-pot for producing a magnetic ?eld between 
the lower end of the shielding-means and the rim-portion 
of the melt in said melting-pot, for further assisting in 
keeping an arc-terminal from moving over to the side 
walls of the melting-pot. 

10. An electric-arc furnace for electrically conducting 
material which is chemically active at its melting tem 
perature, said furnace comprising a substantially air 
tight enclosure, a nonconsuming cathodic melting-pot 
comprising side-walls and a bottom-wall having inner sur 
faces which are within a lower portion of said enclosure, 
anode-means disposed within the enclosure and within the 
side-walls of said melting-pot in spaced relation thereto, 
terminal means whereby an electric arc may be caused 
to play between said anode-means and the top of a melt 
which is accumulating in said melting-pot, a means for 
maintaining, in said enclosure, a vacuum which is high 
enough to cause the arc to spread out and cover a large 
area of both the anode-means and the melt, the material 
to be melted being of such nature as to be susceptible 
to such arc-spreading over the top of the melt at the 
operating vacuum, and a means, which is out of contact 
with the molten top surface of the melt, for keeping the 
are from moving over the top surface of the melt to the 
side-walls of the melting-pot, said enclosure having a 
removable portion for providing access for the removal 
of the melt from the melting-pot, said enclosure further 
having a vertical~adjustment means whereby to adjust 
the arc-length between said anode-means and the melt 
in said melting-pot. 

1-1. The invention as de?ned in claim 10, characterized 
by said means for keeping an arc-terminal from moving 
over to said side-walls comprising a nonconsuming shield 
ing-means disposed between said anode-means and said 
side-walls the lower end of said shielding-means being 
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spaced? closely ‘above the top of the melt, and further 
characterized 'by'said‘vertical-adjustment means including 
a‘ means whereby to" adjust the spacing between the lower 
end? ofthe‘ shielding-means arid the top of the melt. 

"-112. Tbe‘inyention as de?ned in‘ claim‘ 10, character 
ized ‘by the ‘side-walls) of ‘said melting-pot being of non‘ 
rriafgnetizable material; and further characterized by said 
means for keeping an ar‘c'lterrninal from moving over to 
said’ side-walls comprising a magnet-means disposed out 
side of ‘said: ‘side-walls for producing a‘ magnetic ?eld 
having ?ux-lines which leave or enter the top surface 
of tlie'niel't within saidmelting-pot. 

, 13'. The invention‘ as‘ de?ried’ in claim‘ 10, characterized 
by? the sidewalls‘ of said melting-pot being of non-mag 
netiza‘ble material, further‘ characterized by said means‘ 
‘tfor ‘keeping an arc-terminal from moving over to said 
side-walls: comprising a- non'consuming shielding-means 
“disposed? between- said anode-means and said side-walls, 
said‘ lshieldingfnieansibei'ng' of nia‘gnet'izable material, and 
a magnetnneatis disposed outside of the side-walls of the 
nieltiiigapot for producing a; magnetic ?eld between the 
lower endof ‘the shielding-means and the rim-portion of 
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the‘ melt in said melting-pot the lower end of said shield 
ing-means being spaced closely above the top of the‘ melt, 
and further characterized by said vertical-adjustment 
means including a means whereby to adjust the spacing 
between the lower end of the shielding-means and the 
top of the melt. 
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