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57 ABSTRACT 
An electro-slag furnace for producing a continuous 
metallic ingot comprises a housing having a bottom 
portion in which an electrode constituted of the form 
ing ingot is shiftable. A further electrode is spaced 
above the ingot electrode and a cooling channel is 
provided to cool the slag in the furnace to form a slag 
crust on the wall of the channel. The depth of the bot 
tom portion between the electrodes is determined as a 
function of the diameter of the channel such that the 
thickness of the crust layer on the channel wall rela 
tive to the length thereof between the electrodes is 
sufficient for preventing a shunting electric discharge 
between the channel wall and slag. 

5 Claims, A Drawing Figure 
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ELECTRO-SLAG FURNACE FOR PRODUCING 
CONTINUOUS NGOT 

CROSS-RELATED APPLICATIONS 
This is a continuation-in-part application of my previ 

ously co-pending parent application Ser. No. 692,452 
filed on Dec. 21, 1967 and now abandoned. 

SUMMARY OF THE INVENTION 

The present invention relates to metallurgy, and, 
more particularly, to electro-slag furnaces for produc 
ing a continuous metallic ingot. 
Known in the art is an electro-slag furnace for pro 

ducing a continuous metallic ingot, the furnace com 
prising a cooled hollow housing filled with molten slag 
and communicating with a mold through an opening 
provided in the bottom of the housing, the mold being 
electrically insulated from the latter. In the zone of said 
opening, the bottom of the housing is fashioned as a 
copper pipe line with cooled hollow walls extending 
downwardly with respect to said housing, said pipe line 
being installed in said mold. The depth of the opening 
exceeds its diameter by approximately six times. Metal 
is cast in the cooled housing with the aid of consumable 
melting electrodes which are essentially hollow cylin 
ders filled with metallic particles and manufactured 
from a band with the aid of rolls. The metal forms a 
pool on the bottom of the housing, flows into the mold 
through said pipe line and forms a pool on the ingot. 
The housing of the furnace and the molds are con 
nected to an electric current source. An electric dis 
charge takes place between the end portion of the 
cooled pipe line disposed in the mold and the ingot to 
pass through the molten slag. This discharge heats the 
metal of the pool and the slag in the mold (cf. U.S. Pat. 
No. 2,445,670; Cl. 22-57.2, 1948). 
When using the conventional furnace of the afore 

described type there arise difficulties entailed by the 
necessity to provide equipment for manufacturing suf 
ficiently intricate electrodes and to consume the metal 
lic band. Moreover, to heat the metal and the slag, the 
mold can employ a d.c. source whose poles are con 
nected in a strictly definite manner. In this respect, the 
negative pole must be connected to the housing and the 
positive pole must be connected to the mold. 
This manner of connection of the poles of the d.c. 

source, however, inevitably results in electrolysis of the 
molten slag, which lessens the quality of the metal of 
the ingot and changes the composition of the slag in the 
mold. 
Furthermore, a portion of the current supplied by the 

source flows between said pools, and this portion is ab 
solutely insufficient for forming a pool, thus necessitat 
ing employment of a plurality of electrodes. Such ar 
rangements are shown in U.S. Pat. Nos. 3,507,968 and 
351 1,303. 
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It is an object of the present invention to obviate the 
above mentioned disadvantages. 
The present invention relates to the provision of an 

electro-slag furnace for producing a continuous metal 
lic ingot, in which furnace the bottom portion of the 
housing includes means for melting the metal and heat 
ing the slag by an electric discharge passing through the 
slag between the metallic electrode on the bottom of 
the housing and the ingot in the mold. 

In accordance with the present invention, the object 
is accomplished by providing the bottom of the furnace 
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housing with a thickness or depth which is sufficiently 
small to preclude an electric discharge between the 
bottom and the molten slag. The electrodes are posi 
tioned such that one is mounted on the bottom of the 
housing and the other, which is essentially the ingot, is 
connected to an electric current source whose power 
is sufficient for providing for the formation of a pool of 
molten metal on the electrodes. The spaces of the 
cooled housing and the mold are in communication 
with a pump providing for flowing of coolant at a rate 
sufficient for maintaining the skin of the cooled slag on 
the walls of the opening and the mold. 
This embodiment of the furnace allows dispensing 

with a supply of metal in the form of a consumable 
electrode. The metal can be supplied in practically any 
form, including a compound of metal with a reducing 
agent. It is also possible to use alternating current. 

In the preferred embodiment of the furnace, accord 
ing to the present invention, it is expedient to make the 
thickness of the bottom portion of the housing, deter 
mining the depth of the opening through which the fur 
nace housing communicates with the mold, equal to ap 
proximately one tenth of the lateral dimension or diam 
eter of the opening. 
With the bottom portion of the housing embodied as 

described above, the thickness of the skin or crust of 
the slag formed on the walls of the opening is sufficient 
to preclude an electric discharge between said bottom 
portion and the molten slag. 
A substantial advantage of the present invention is 

that the metal can be deposited or charged into the fur 
nace in the form of separate particles of any shape, that 
are not connected to the electric current source. 
The present invention therefore contemplates to an 

electro-slag furnace comprising a chamber containing 
molten slag, means for introducing metal particles into 
the molten slag, a first electrode fixed in the chamber, 
a second displaceable electrode spaced from the first 
electrode and constituted by solidified metal derived 
from said metal particles, means for applying electrical 
energy to said electrodes, and cooling means for cool 
ing the chamber between said electrodes for forming a 
slag crust which prevents short circuit between the sec 
ond electrode and the chamber. 

BRIEF DESCRIPTION OF THE DRAWING 

The sole FIGURE of the drawing is a diagrammatic, 
vertical sectional view of the furnace according to the 
invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT: 

The electro-slag furnace comprises a cooled hollow 
housing having a metallic electrode 2 mounted 
therein. The electrode 2 is mounted on a cooled bot 
tom portion 3 of the housing 1 filled up with molten 
slag 4. The housing 1 communicates through an open 
ing or channel provided in the bottom portion 3 thereof 
with a cooled mold 5 accommodating an ingot 6 serv 
ing as a second metallic electrode. The electrodes 2 
and 6 are connected to electric current source 7. The 
power of the source 7 must be sufficient to melt the 
electrodes 2 and 6 and to form on their surfaces pools 
of molten metal. It is desirable to use an a.c. source as 
the electric current source 7. The bottom portion 3 of 
the housing 1 and the mold 5 are each electrically insu 
lated from each other by a packing 8 constituted of as 
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bestos. Provided between the bottom portion 3 of the 
housing 1 and the metallic electrode 2 is also a layer of 
an electro- and thermo-insulating material, i.e., asbes 
tos packing 9. The housing 1 is provided with slag hole 
10. The walls of the housing 1, bottom portion 3 and 
mold 5 are cooled by circulating medium 11. These 
walls can be made from copper. The spaces of said 
walls are in communication with a pump (not shown in 
the drawing) providing for the flow of cooling medium 
11 at a rate sufficient to preserve or maintain skin 12 
of the cooled slag as a crust formation on the bottom 
portion 3 and mold 5. As compared to the molten slag 
4, the skin or crust 12 has a lower electrical conductiv 
ity. 

Prior to the electro-slag furnace operation, the pump 
is started so as to fill the furnace with the molten slag 
4, and the electric current source 7 is then switched on. 
Lines 13 conventionally show the paths of flow of the 
electric current. 

In order to operate the furnace, it is necessary to 
make the thickness or depth of the bottom portion 3 
sufficiently small to prevent a shunting electric dis 
charge between the bottom portion 3 and the molten 
slag 4. A drop in voltage in the column of the molten 
slag 4 inside the opening in the bottom portion 3 will 
not result in or maintain said electric discharge which 
can destroy the slag crust layer on the wall of the bot 
tom portion 3 and/or prevent the formation of a pool 
of molten metal on the electrode 2. 

It is desirable to make the thickness or depth H of 
said bottom portion 3 equal to one tenth of the lateral 
dimension or diameter D of the channel or opening in 
the bottom portion 3, which is confirmed by casting a 
metal ingot in molten calcium fluoride. 
An ingot of metal is cast by supplying a metal charge 

14 onto the surface of the molten slag 4. This charge 
melts on the surface of the molten slag 4 upon contact 
ing the latter, and there results the formation of metal 
lic drops 15 which settle down in a pool of liquid metal 
on the ingot 6. When using a charge 14 composed of 
large pieces, such as granules or scrap, the latter are 
supplied into the zone of the molten slag 4 above the 
electrode 2 to settle down onto the electrode 2 to be 
melted thereon, and thus flow into a pool on the ingot 
6. By gradually supplying the charge 14 and maintain 
ing a continuous film, the ingot becomes larger by ab 
sorbing the solidifying molten metal of the pool. 
The ingot is gradually moved down from the mold, 

which is usually the case during continuous casting. 
The metal charge for producing ingots may be sup 

plied in particulate form or as fusible rods or wire, bars 
such as conventional electro-slag remelts, or as a mix 
ture of a chemical compound of a metal and a recover 
ing agent, or as a liquid or as a combination of the 
aforementioned forms. 

In sum, the solidification and cooling of the slag 
which is accompanied by a considerable decrease in 
electric conductivity is utilized to provide an electrical 
insulation in the form of the crust of slag solidified on 
the cooled metal surfaces in contact with the molten 
slag. 
Note should be made to the effect that the electrical 

conductivity of the crust of solidified slag depends 
upon the composition of slag and temperature of crust 
and, consequently, upon the thickness and type of ma 
terial of the wall being cooled on which said crust has 
solidified, as well as upon the intensity with which said 
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4. 
wall is cooled and upon the temperature of the molten 
slag. Fluoride slags (such as 95% CaF and 5% CaO, or 
65% CaF2, 30%. AlO and 5% CaO, and the like) fea 
ture a high electrical conductivity in the molten state, 
forming during solidification a crust having a lower 
electric strength as compared with oxide slags (such as 
55% AlO and 45% CaO, or 40%. AlO, 25% CaO, 
17% MgO and 18% CaF). 
Therefore, by making use of cooled metal elements 

coated with a crust of solidified slag, there can be insu 
lated from each other the electrodes, and the pools of 
liquid metal, placed in the molten slag. 

In order to make the current between the liquid 
metal baths sufficient for melting the metal in said 
baths, the following conditions must be met: 

a. to provide for sufficient cooling to insure the for 
mation thereon of low-electroconductive crust of solid 
ified slag serving to preclude an electrical discharge be 
tween the electrodes and the housing 1, the bottom 3, 
and mold 5, and 

b. to considerably reduce the length of the bottom 3 
so that, during the passage of electric current between 
the baths, across the molten slag column inside the bot 
tom 3 there should occur no excessive voltage drop 
that could bring about an electrical breakdown of the 
slag crust insulation and cause a shunting discharge be 
tween the bottom 3 and the molten slag. 
By reducing the ratio between the height of the mol 

ten slag column in the bottom 3 and the diameter or 
cross-section of said column, the voltage drop across 
said column can be reduced, other things being equal, 
while providing discharge between the liquid metal 
baths or pools. 
The requirements placed upon the proportions of the 

cooled metal element of an electroslag furnace con 
taining molten slag through which electric current 
passes under conditions of electroslag remelting are as 
follows: 

U = HI/oS and U = 4HIIoy TD 
wherein: 
U is the voltage drop across the slag column; 
a is the specific electric conductivity of the molten 

slag at a preset temperature; 
H is the height of the slag column; 
I is the melting current; 
S is the cross-section area of the slag column; and 
D is the diameter of the slag column. 
In a first approximation, the current strength during 

the electroslag process is determined by the specific 
electric conductivity of the molten slag and can be pro 
portional to the diameter of the molten slag column or 
to the square root of the cross-sectional area of the slag 
column or to the perimeter of the cross-section of said 
column. Based on the conditions of electro-slag remelt 
ing and on specific electric conductivity of molten slags 
at the temperatures of the electroslag process, and ne 
glecting the small thickness of the slag crust as com 
pared to the dimensions of the electroslag furnace, ap 
proximate results are presented in the appended Table. 
Based on indirect data, it is concluded that the volt 

age of the electric breakdown of the slag crust under 
conditions of electroslag remelting using water-cooled 
copper elements is approximately equal to 15-100 
volts. It follows from the data on the Table that, when 
using cooled elements with a molten slag column fea 
turing an H/D ratio exceeding 1-2, electrical break 
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down of even a double layer of slag crust is likely, 
which can bring about the appearance in the place of 
this breakdown of an intensive discharge between the 
cooled wall and the molten slag. 

In order to preclude such a discharge, a readily at 
tainable and adequately reliable solution for a cylindri 
cal column of molten slag is an HID ratio of about 0.1. 
At such H/D ratio, the voltage drop across the molten 
slag column is less than the voltage of the electrical 
breakdown of the slag crust. A further decrease of said 
ratio makes for an increased reliability of the furnace 
operation. The above method of calculation can like 
wise be used in the case of cross-sectional shapes of the 
molten slag column which are other than cylindrical. 

TABLE 

Voltage drop across molten slag column under condi 
tions of electroslag remelting 

Voltage 
Composition Ratio of Temp, drop (in volts) 
of Slag Current of across molten 

Strength to melt- slag column at the 
Slag Column ing temperature of 
Diameter C. melting at various 
amp/100 mm ratios of HID 

0. 0.2 0 , 2.0 
95% CaF, 5% CaO 1,800 1,700 4.2 8.4 42 84 
65% CaF, 30%. AlO 1,800 1,750 5.1 10.2 51 102 
5% CaO 
55% AlO, 45% CaO 1,600 850 16.3 32.6 163 326 
40% AO, 25% CaO, ,700 1,800 6.8 13.6 68 136 

What is claimed is: 
i. An electro-slag furnace comprising a chamber 

containing molten slag, means for introducing a metal 
charge into the molten slag, a first electrode fixed in the 
chamber, a second displaceable electrode spaced from 
the first electrode and constituted by solidified metal 
derived from said metal charge, means for applying 
electrical energy to said electrodes, cooling means for 
cooling the chamber between said electrodes for form 
ing a slag crust which prevents short circuit between 
the second electrode and the chamber, said chamber 
comprising a housing provided with a bottom opening 
and a mold in extension of the opening, said second 
electrode being positioned in said mold, the electrical 
energy applied to the electrodes forming pools of said 
metal charge at the surfaces thereof, and means for 
maintaining the surface of the second electrode spaced 
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6 
from said bottom opening by a distance substantially 
less than the diameter of said opening. 

2. A furnace as claimed in claim 1 wherein said hous 
ing has a cross-section which is greater than the size of 
said bottom opening. 

3. A furnace as claimed in claim 1 comprising further 
cooling means including a plurality of axially spaced 
coolant channels surrounding said housing bottom and 
said mold respectively. 

4. An electro-slag furnace comprising a chamber 
containing molten slag, means for introducing a metal 
charge into the molten slag, a first electrode fixed in the 
chamber, a second displaceable electrode spaced from 
the first electrode and constituted by solidified metal 
derived from said metal charge, means for applying 
electrical energy to said electrodes, cooling means for 
cooling the chamber between said electrodes for form 
ing a slag crust which prevents short circuit between 
said molten slag and the chamber, said chamber com 
prising a housing provided with a bottom opening and 
a mold below the opening in extension thereof, said 
second electrode being positioned in said mold, the 
electrical energy applied to the electrodes forming 
pools of said metal charge at the surfaces thereof, the 
distance between the surface of said second electrode 
and said bottom opening being no more than one-tenth 
the diameter of said opening. 

5. An electro-slag furnace comprising a chamber 
containing molten slag, means for introducing a metal 
charge into the molten slag, a first electrode fixed in the 
chamber, a second displaceable electrode spaced from 
the first electrode and constituted by solidified metal 
derived from said metal charge, means for applying 
electrical energy to said electrodes, cooling means for 
cooling the chamber between said electrodes for form 
ing a slag crust which prevents short circuits between 
said molten slag and the chamber, said chamber com 
prising a housing provided with a bottom opening and 
a mold below the opening on extension thereof, said 
second electrode being positioned in said mold, the 
electrical energy applied to the electrodes forming 
pools of said metal charge at the surfaces thereof, the 
height of said housing disposed between the first and 
the second electrodes being about ten times smaller 
than the distance between the opposite sides of said 
opening. 
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