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[57] ABSTRACT 

A process for the production of a steel ingot of small cross sec­
tions comprises forming the ingot within the lower end of a 
пюШ which has a head portion which widens out in a conical 
configuration at its upper end and which carries in its conical 
poruon a slag bath. A consuming electrode is dipped into the 
slag bath and it melts down in drops due to the passage of cur­
rent and solidifies in the continuous casting mold at the top of 
the ingot The electrode is moved at a speed such that it ap­
proaches the mold at a speed to lemain immersed with its full 
crces section in the slag and so that the solid as well as the 
liquid parts of the ingot are present only in the lower part of 
the mold. The apparatus for carrying out this process includes 
a mold having a lower end of uniform cross section and an 
upper outwardly flaring conical end. The walte of the conical 
portion have an opening angle of between 60° and 120*̂  and 
preferably 90" and this is sufficient to contain a slag bath to 
permit the electrode c^ a larger diameter than the ingot to be 
lowered into the bath with its fiill cross section. 

1 Claim, 3 Drawing F^ures 
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PROCESS AND APPARATUS FOR PROVIDING STEEL cross section which includes a mold having a portion com-

INGOT parable to the cross section of the ingot to be formed and a 
widened upper conical portion for receiving в slag bath, with 

SUMMARY OF THE INVENTTGN < means for withdrawing the ingot from the lower end of the 
•> mold and for msertmg a consumable electrode at a rate of 

This invention relates in general to a metallurgical process speed to cause the melting thereof in the slag and the engage-
and apparatus and in particular to a new and useful device for ment of the entire cross section in the slag; the moid including 
the production of steel ingot of small cross section by elec- means for cooling the formed ingot as it is withdrawn in order 
trode slag remelting. that the solid and liquid phase of the withdrawn ingot exists 

The invention is particularly applicable to the production of only at the lower part of the mold having the cross section of 
steel ingots of small cross section. In the known process of the ingot. 
electro slag remelting, self consuming electrodes are melted in A further object of the invention is to provide a continuous 
a water cooled mold which has a greater diameter than the cast mold which is simple in design, nigged in construction, 
electrode. The melting takes place by the passage of current ,c ^^d economical to manufacture. 
between the electrode and a liquid slag into which the elec- The various features of novelty which characterize the in-
trode is immersed and the ingot solidifies in the mold. The vention are pointed out with particularity in the claims an-
steel particles melted down from the electrode under the ac- nexed to and forming a part of this specification. For a better 
tion of the passage of the current fall in the form of drops understanding of the invention, its operating advantages and 
through the liquid slag bed and into the liquid pool in the head 20 specific objects attained by its use, reference should be had to 
of the solidified ingot Because the draw off of the solidified the accompanying drawings and descriptive matter in which 
ingot is very slow compared with the continuous casting of the there are illustrated and described preferred embodiments of 
liquid steel, the liquid pool in the ingot head is very shallow the invention, 
and very pure ingots free from segregation and are formed. 
Because of the dense structure, the ingots produced in the 25 BRIEF DESCRIPTION OF THE PREFERRED 
electro slag remeit process require very little transformation EMBODIMENTS 
to obtain a faultless material fit for technologically high grade i„ ^g drawings: 

purposes. It is inherent in the electro slag remeit process, how- piQ 1 jg ^ schematic longitudinal section of a continuous 
ever, that only ingots can be produced which have a diameter casting mold constructed in accordance with the invention; 
greater than the elecUodes used for remelting. This leads to 30 H G . 2 is a view similar to FIG. 1 but indicating additions at 
expensive reshapmg of large ingots by rolling or forging and the start up of the operation and before production is fiilly ef-
this is especially so for the production of objects of smalt cross fected' and 

sections such as axles, shafts or wires. Reduction of the cross H G ! 3 is a view simUar to FIG. 2 of another arrangement for 
section of the electrodes produced by casting merely shifts the (jjg starting up operation, 
shaping work from the remelted products, the ingot, to the ^^ 
product still to be remelted and will also lower the degree of GENERAL DESCRIPTION OF THE PREFERRED 
utilization of the remelting plant. EMBODIMENTS 

An object of the present invention is to develop an « - . . . . . . . . . 
economicprocessfortheproductionofaningotofsmallcross , Rffening to the drawing m particular, the mvention em-
section, m accordance with the invention, the steel ingot is re- ^0 bodied therem, as mdicated ш FIG. I . includes an apparatus 
melted by means of the electro slag remelting process, which ^"'^ ""^^"^ ^°г ^°™"8 ^ continuous mgot 1 of relaUvely 
is known in itself and from an electrode having a greater cross ^mall cross section which is formed by the remelting from an 
section than that of the ingot. The electrode immerses into a electrode 2 of a larger cross section than that of the ingot by 
slag bath and melts down in drops due to the passage of cur- . _ *be electro slag remeit process. The electrode 2 is indicated in 
rent and then solidifies in a continuous casting mold which ^^ » production position in which its fuU cross section ia im-
presents at the head of its lower part the same interior section mersed in a slag bath 3. The electrode 2 melts down and drops 
as that of the ingot. The upper part of the continuous casting '̂ "« to *he evolution of heat upon the passage of current 
mold is widened in a funnel like a conical form to provide an through tiie slag 3 and its solidifies in a continuous casting 
area at least as great as that of the cross section of tiie elec- , „ «"o'd generally designated 4. 
trode. The funnel is filled with slag to the extent that its sur- *" accordance with the invention, the continuous casting 
face corresponds at least to the full cross section of the elec- ^°^<^ •* includes a lower part 6 having an interior cross section 
trode. The rate of approach of the melt electrode relative to comparable to that of the ingot being formed and an upper 
the mold is so selected that the electrode immerses in the slag P ^ 7 which is of frusto-conical configuration and forms a 
with its full cross section at all times and the rate of the lower- 55 widened funnel form at the top of the mold 4. In the produc-, 
ing of the solidified ingot relative to the mold is so selected tion stage indicated at FIG. I, the upper funnel part 7 is fiUed 
that the solid as well as the liquid parts of the ingot are present with the slag 3 to the extent that its surface is greater than the] 
only in the lower part of the mold. cross section of the electrode 2 so that the electrode 10 im-

Accordingly, it is an object of the invention to provide an merses with its full cross section into the slag, 
improved method for reproduction of a steel ingot of small go ^^nng remelting the electrode 2 is lowered relative the 
cross section by remelting the ingot by electro slag remelting mold 4 at a rate such that it is always immersed in the slag 3 
ft'om a consumable electrode of a cross section which is larger with its full cross section. The ingot I is drawn off from the 
than that of the ingot, comprising immereing the electrode in mold 4 at the lower end at such a rate that the liquid level of 
the slag bath and melting it down in drops by the passage of the pool 8 which is maintained at the head of the ingot 1 will 
the current and solidifymgthe melted electrode in a continu- 65 be present in the lower part б of the mold 4. The relative 
ous casting mold having a cross section comparable to that of • movement of the electrode 2 and the ingot 1 in respect to the 
the ingot and a widened head portion so that the cross section mold 4 can be achieved either by lowering the electrode 2 and 
of the slag is at least as great as that of the electrode, and ap- the ingot 1 while the mold is retained in the stationary position 
proaching the electrode to the mold at a rate of speed such or by a corresponding lifting of the mold 4 and the electrode 2 
that it immerses with its full cross section into the slag, and 70 while the ingot 1 is retained relative to its surroundings, 
withdrawing the solidified ingot from the other end of the During the starting up of the operation as indicated in FIG. 
moid at a rate such that solid as well as liquid parts of the ingot 2. the electrode 2 is fitted with an electrode piece 10 of a 
are present only in the lower part of the mold. smaller diameter than the electrode and of a diameter sulfi-

Another object of the present invention is to provide a cient to permit it to enter into the lower part 6 of the mold 4. 
device for the continuous casting of an ingot of relatively small 75 The electrode piece is melted down because of the current 
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generated in the slag bath 3 between the electrode 10 and a 
start up piece 11. and owing to this, the slag 3 will rise from 
the lower portion б into the upper funnel shaped part 7 of the 
mold until it reaches a state in which the complete cross sec­
tion of the electrode 2 is immersed in the slag 3. At this ptnnt 
the process continues as outlined in FIG. 1. 

The start up piece 11 is mounted on a water cooled bottom 
plate 12 having a diameter which is larger than the opening of 
the bottom part б of the mold 4. The mold 4 and the bottom 
plate 12 are cooled by the circulation of water through inlets 
4a, 4a and 12<z respectivejy and outlets 4b, Ab and I2b respec-
tively. Material 13 forms a seal at the bottom of mold 4 during 
start up of the molding operation. 

10 

project into the upper part 7 of the mold so that the electrode 
need not be tapered at its lower end. Advantageously after the 
introduction of the start up piece the slag 3 is filled into the 
upper part 7 and the remelt process is initiated by current flow 
between the electrode 2 and the start up piece 11, across the 
slag. It is possible to operate with either solid slag through arc 
formation or with premolten liquid slag or with a start up slag. 

Because of the conical enlargement of the lower portion б 
of the mold the ingots 1 can be drawn off downwardly with out 
difficulty and without imparting a vibrating movement 
between the mold and the ingot as in continuous casting. The 
reliable conduction of the drops which fall on the upper fVinnel 
shaped part 7 of the mold into the liquid pool 8 of the ingot 

Another arrangement for the starting up operation is shown head and the large ratio of the cross section of the electrode to 
in FIG. 3. In this embodiment a relatively large start up piece 
11' is positioned on the bottom plate 12 and sealed by the 
sealing material 13 to the bottom of the lower part 6 of the 
mold as in the other embodiments. In this arrangement the 
start up piece XV has a diameter which is only slightly smaller -n 
than the interior diameter of the lower part 6 of the mold and 
the piece extends upwardly into the upper part 7 of the mold 
4. With such an arrangement the slag 3 fdls the lower part 6 
around the circumference of the start up piece 11' and also 

the cross section of the ingot at small height of the upper part 
7 of the mold is achieved by making the upper part in the coni­
cal form which has a cone opening of between 60° to 160' and 
preferably 90°. 

The process of the invention makes it possible to melt ingots 
of small cross section from remelt electrodes 2 of very large 
diameter. This saves expensive shaping work in the rolling mill 
or in the forge which was inevitable for the production of 
small ingots which were carried out heretofore by the electro 

extends up into the upper part 7 and encompasses the full 25 slag remelting process. With the present method excellent 
cross section ofthe electrode 2. quaUty and the absence of pores can be obtained for such 

In order to facilitate the drawing off of the ingot the lower precision and end products as axles, shafts and wires. The 
part б of the mold 4 is made slightiy conically widened toward ^y^^^ .^jd^^l shaping in the roUing mill which wiU be necessa-
its foot and starting from its cross section at the head 5 as ^ ^^^ ^^ ^^^^^ ^f ^^е invention wiU be fuUy sufficient to 
shown in n o . 1. The opening angle of the upper part 7 is in 30 ensure end products of equal technoligical quality as the end 
the example, iUustrated 90». This angle has prooved ap- products which have been obtained by the known processes, 
propriate because on the one hand it reliably prevents the ad- jhe invention wiU now be explained by way of several ex-

hesion of falling drops of melt matenai and collects them in amples, it being understood however that these examples are 
the mgot head. and. on the other hand, at the upper portion 7 gj^^^ ^y ^^^ ^^ illustrations and not by way of limitation and 
the cross section IS sufRcientiy great for the remelting of very 35 j^at many changes may be effected without affecting in any 
thick electrodes and this large cross section is attained without 
a very great structural height. For the removal of the heat of 
solidification the continuous casting mold is continuously 
cooled with the water and so is the bottom plate 12. 

The process of the invention is carried out in the following 40 
manner; 

To facilitate the starting up ofthe remelt process, the lower 
part of the electrode 2 is, at the beginning of remelting, pro­
vided with a welded on electrode piece of smaller cross sec-

way the scope and spirit ofthe appended claims. 

EXAMPLE 1 

This test was carried out with an electrode having a diame­
ter of 200 mm and a weight of 2.5 tons. Analysis of tiie elec­
trode indicated the following composition 

Cr:18.5%, Ni:11.0%, Mn:1.87%, Mo:0.26%, Si;0.54%, 
B;0.002%, S-.O.Ol 2%, CO.OI 5% . 

tion such as the electrode piece 10. This piece 10 is chosen so 45 An ingot of 100 mm diameter was remelted from the elec-
that its mass approximately fills the lower part б ofthe mold 4. 
In this manner the melted down electrode which does not fit 
through the lower part of the moid with its full cross section is 
brought into direct contact or into the vicinity of cooled start 
up section such as the start up section I I . This initiates the 
melting down process. An arc is directed through solid slag 3 
between the electrode and the bottom plate 11 or the electric 
current flows through a liquid slag 3 without an arc. In addi-

trodc. The diameter ofthe lower portion ofthe mold was 100 
mm̂  while its length was 300 mm. The upper funnel-shaped en­
larged portion ofthe mold had an opening angle of 90° and a 
height of 150 mm. 

50 A starting piece of 60 mm diameter and alengthof SIO mm 
and composed of the same material as that of the electrode 
was connected to the electrode prior to its remelting by weld­
ing. For the purpose of initiating the remelting, the mold was 

tion, a so-called start up slag namely a slag conductive only in , - closed at its lower end by a water-cooled bottom plate with a 
the solid state such as titanium oxide may be used. During tiie short ignition disk of the same material as that of the starting 
melting in of the welded on electrode section the slag is dis- P«ce. By lowering the electrode by means of a lifting device 
placed from the lower part of the mold 4 into the funnel shape comprising block and tackle and a driving motor, the starting 
upper part 7 so that the electrode can dip into the slag with its piece was brought into metallic contact with the ignition disk 
greater diameter. Since the method of starting up occurs in the gQ °" *® bottom plate. Thereafter 16.5 kg of slag in powder form 
lower part of the mold any disturbances by formations of steel and consisting of 70 percent of CaF, and 30 percent of AljO, 
bridges which might interrupt the melting down process are where filled into the mold. The electrode and the bottom plate 
avoided. vfac connected with the clamps of a transformer. By slightiy 

In the other embodiment of the start up operation, a start up lifting the electrode and by switching on the transformer, a 
piece whose diameter is of a slightiy smaller diameter than 65 ''g* '̂ arc was formed between the starting piece and the igni-
that of the lower part of the mold б such as the piece 11' 
which fills a major portion of the lower part 6 and a portion of 
the upper part 7 of the mold 4. For the reliable avoidance of 
steel bridges the start up piece 11' may end below the head of 
the lower mold portion and the electrode may be tapered 70 
conically as shown at 2a in FIG. 1 at its front end or have an 
electrode piece of extension of smaller cross section secured 
to this front end such as a piece comparable to the piece 10-
With this arrangement, the remelt process will start in the 

tion disk. Under the action of this light arc, the slag in powder 
form was melted. The light arc was extinguished after three 
minutes and the partially liquid slag caused the further con­
duction of current. 

The starting piece melted in about 10 minutes and its 
material filled the lower part of the mold. The larger portion 
ofthe slag was displaced in this manner into the funnel-shaped 
mold portion. 10 mm ofthe slag remained in the lower portion 
of the mold. After melting of the starting piece, the electrode 

lower part 6 ofthe mold. Alternatively, the start up piece may 75 (fipped with its complete cross-section of 200 mm into the slag 
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bath which tatter had at its surface a diameter of about 320 
mm. The potential during the remelting amounted to 42 volts, 
while the current strength was 5500 A. The slag bath was 
maintained at a constant height of about 110 mm above the 
upper edge of the lower portion of the mold. This was accom- 5 
plishcd by continuously adding slag. The remelting speed was 
3.4 kg per minute. The lowering speed of the ingot was ad­
justed in such a manner that at any pven moment 10 mm of 
slag remained m the lower cylindrical portion of the mold. 
This was done in order to prevent that the ingot would remain 10 
suspended by solidification in the upper fimnel-shaped portion 
of the mold. 

The entire remelting period for the ingot of 2.5 tons 
amounted to 730 minutes. The ingot thus produced was 
completely se^egation free and had a perfect surface. The 
analysis of the ingot indicated the following composition: 

Cr:18.5%. Ni:U.O%, Mn:1.8%, Mo:0.26%, Si:0.50%. 
B:0.002%, S:0.005%, C:0.015%. 

15 

EXAMPLE 2 20 

The test of Example 1 was repeated in another plant, 
wherein the lower portion of the mold was also 300 mm long 
and had a circular cross section of 100 mm. The opening angle 
of the upper portion of the mold, however, amounted to 120°. 25 
An ingot with 100 mm diameter was remelted from an elec­
trode of 300 mm diameter. The starting of the procedure in 
this test was accomplished thereby that the bottom piece was 
rigidly connected with a water-cooled starting piece of 95 mm 
diameter and 400 mm length. The bottom piece with the start- зо 
ing piece connected thereto was introduced into the mold 
from below and projected into the upper, funnel-shaped por­
tion of the mold. After the current connections of the trans­
former had been applied to the electrode and the bottom 
piece, the electrode was moved by means of a lifting device 35 
until contact with the starting piece was accom[dished. The 
mold was then filled with 120 kg of slag in powder form and 
consisting of 70 percent of CaFj and 30 percent of AljOj, the 
slag reaching up into the funnel. The melting procedure was 
initiated by generating a tight arc. The slag height in the funnel 40 
was maintained at about 200 mm by addition of slag. The volt­
age during the remelting amounted to 55 volt while the cur-

45 

rent strength was about 8,500 ampere. The remelting speed 
amounted to 4 kg per minute. The entire remelting procedure 
for the 2.5 ton ingot lasted about 630 minutes. Starting and 
final analysis correspond to that of the preceding example. 
While specific embodiments of the invention have been shown 
and described in detail to illustrate the application of the prin­
ciples of the invention, it will be understood that the invention 
may be embodied otherwise without departing from such prin­
ciples. 

What is claimed is: 
1. The process of producing a steel ingot of relatively 

reduced cross-section йчіш a consumable electrode of rela­
tively large cross-section in respect of that of said ingot, within 
a mold having a lower exit part with a cross-section cor­
responding approximately to that of said ingot for discharging 
from said mold, and having a feed-in part essentially 
frustoconical in shape with an uppermost end presenting a 
diameter larger than the diameter of said consumable elec­
trode and that of said ingot; comprising, in combination, the 
steps of arranging, at the be^nning ai the process, a start up 
piece forming the initial end of the ingot to be formed within 
the lower part of the mold, said start up piece being of a size 
such that it extends at its top end into the upper part of the 
mold and of a diameter such that it is only slightly smaUer than 
the lower part of the mold, starting electrode remelting by 
establishing a flow of electric current Іїот said electrode to 
said start-up piece, subjecting the start-up piece to melting, 
directing the upper end of the ingot whose diameter is slightly 
smaller than that of the lower mold part toward the upper 
mold part, producing slag within said mold parts to surround 

the incot at least in the lower mold pan, gradually filling said 
mold from its lower part through displacmg the slag toward 
the upper mold part, thereafter advancing continuously the 
consumable electrode relative to the mold and within said slag 
through said feed-in portion at a rate, so that said electrode 
remains with its entire cross-section immersed in said slag, 
while the ingot in fomiation is in said lower mold part, condi­
tioning said lower mold part for solidifying said ingot therein, 
and withdrawing the ingot upon solidification and at a rate to 
obtain liquid ingot parts, as well as a solid ingot only in said 
lower mold part. 

50 
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[57] ABSTRACT 

A process for the production of a steel ingot of small cross sec­
tions comprises fonning the ingot within the lower end of a 
mold which has a head portion which widens out in a conical 
configuration at its upper end and which carries in its conical 
portion a slag bath. A consuming electrode is dipped into the 
slag bath and it melts down in drops due to the passage of cur­
rent and solidifies in the continuous casting mold at the top of 
the ingot The electrode is moved at a speed such that it ap­
proaches the mold at a speed to remain immersed with its fuU 
cross section in the slag and so that the solid as well as the 
liquid parts of the ingot are present only in the lower part of 
the mold. The apparatus for carrying out this process includes 
a mold having a lower end of uniform cross section and an 
upper outwardly flaring conical end. The walls of the conical 
portion have an opening angle of between 60° and 120° and 
preferably 90° and this is sufScient to contain a slag bath to 
permit the electrode of a larger diameter than the ingot to be 
lowered into the bath with its fall cross section. , 

1 Claim, 3 Drawing F^ures 
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PROCESS AND APPARATUS FOR PROVmiNG STEEL cross section wWch includes a mold having a portion com-
INGOT parable to the cross section of the ingot to be formed and s 

widened upper conical portion for receiving в slag bath, with 
SUMMARYOFTHEINVEKnON 5 " " ' f f ^or withdrawing the ingot from the lower end of the 

•> mold and for mserting a consumable electrode at a rate of 
Ibis invention relates in general to a metallurgical process speed to cause the melting thereof in the stag and the engage-

and apparatus and in particular to a new and useful device for ment of the entire cross section in the slag; the mold including 
the production of steel ingot of small cross section by dec- means for cooling the formed ingot as it is withdrawn in order 
trode slag remelting. that the solid and liquid phase of the withdrawn ingot exists 

The invention is particularly ^plicable to the production of only at the lower part of the mold having the cross section of 
steel ingots of smalt cmss section- In the known process of the ingot. 
electro slag remelting, self consuming electrodes are melted in A further object of the invention is to provide a continuous 
a water cooled mold which has a greater diameter than the cast mold which is simple in design, nigged in construction, 
electrode. The melting takes place by the passage of current ,e and economical to manufacture. 
between the electrode and a liquid slag into which the etec- The various features c^ novelty which characterize the in­
trude is immersed and the ingot solidifies in the mold. The vention are pointed out with particularity in the claims an-
steel particles melted down from the electrode under the ac- nexed to and forming a part of this specification. For a better 
tion of the passage of the current fall in the form of drops understanding of the invention, its operating advantages and 
through the liquid slag bed and into the liquid pool in the head 20 sp^>^c objects attained by its use, reference should be had to 
of the solidified ingot Because the draw off of the solidified the accompanying drawings and descriptive matter in which 
ingot is very slow compared with the continuous casting of the there are illustrated and described preferred embodiments of 
liquid steel, the liquid pool in the ingot head is very shallow the invention, 
and very pure ingots free from segregation and are formed. 
Because of the dense structure, the ingots produced in the 25 BRIEF DESCRIPTION OF THE PREFERRED 
electro slag remelt process require very little transformation EMBODIMENTS 
to obtain a faultless material ftt for technologically high grade i„ ^^^ drawings: 

purposes. It is inherent in the electro slag remelt process, how- и д j ^ g schematic longitudinal section of a continuous 
ever, that only ingots can be produced which have a diameter casting mold constructed in accordance with the invention; 
greater than the electrodes used for remelting. This leads to 30 J ^ Q J is a view similar to FIG. 1 but indicating additions at 
expensive reshaping of large ingots by rolling or forging and tj,e start up of the operation and before production is fully ef-
this is especially so for the production of objects of small cross fected- and 
sections such as axles, shafts or wires. Reduction of the cross p j o ' 3 is ^ view simUar to FIG. 2 of another arrangement for 
section of the electrodes produced by casting merely shifts the the starting up оретаїіоп. 
shaping work from the remelted products, the ingot, to the 35 
product still to be remelted and viill also lower the degree of GENERAL DESCRIPTION OF THE PREFERRED 
utilization of the remelting plant. EMBODIMENTS 

An object of the present invention is to develop an « - . . . . . . . . . 
economicprocessfortheproductionofaningotofsmallcross „ Referring to the drawing mpartcular, the mvenfion em-
section. In accordance with the invention, the steel ingot is re- -*« ^'^'^'^ ^ " f "• ̂ , " ' * ' = ^ * ^ ' * "> " ° - *' '"<=>"^" ^ apparatus 
melted by means of the electro slag remelting process, which and method for forming a continuous ingot 1 of relatively 
is known in itself and from an electrode having a greater cross ^"'^l ' ^ « ^ ^^"«"^ ^^''^ "^ ^**""«^ ^ ^^ remeltmg from an 
section than that of the ingot. The electrode immerses into a electrode 2 of a larger cross section than tfiat of the mgot by 
slag bath and melts down in drops due to the passage of cur- , , *be electro slag remelt process. The electrode 2 is indicated m 
rent and then soUdifies in a continuous casting mold which ^^ » production posiuon in which its fuU cross secUon is m -
presents at the head of its lower part the same interior section '"««ed in a slag bath 3. The electrode 2 melts down and drops 
as that of the ingot. The upper part of the continuous casting ^ч« ^° ^^^ evolution of heat upon the passage of current 
mold is widened in a funnel like a conical form to provide an through the slag 3 and its solidifies in a continuous casting 
area at least as great as that of the cross section of the elec- ,,. ^^^^ generally designated 4. 
trode. The funnel is filled with slag to the extent that its sur- *" accordance with the invention, the continuous casting 
face corresponds at least to the full cross section of the elec- mold 4 includes a lower part 6 having an interior cross section 
trode. The rate of approach of the melt electrode relative to comparable to that of the ingot being formed and an upper 
the mold is so selected that the electrode immerses in tiie slag P^ 7 which is of frusto-conical configuration and forms a 
with its full cross section at all times and the rate of the lower- 55 widened funnel form at the top of tiie mold 4. In the produc­
ing of the solidified ingot relative to the mold is so selected t'O" stage indicated at FIG. І. the upper funnel part 7 is fiUed 
that the solid as well as the liquid parU of the ingot are present with the slag 3 to the extent that its surface is greater than the 
only in the lower part of the mold. cross section of the electrode 2 so that the electrode 10 im-

Accordingly. it is an object of the invention to provide an merses with its full cross section into the slag, 
improved method for reproduction of a steel ingot of small go I>»""8 remelting the electrode 2 is lowered relative the 
cross section by remelting the ingot by electro slag remelting mold 4 at a rate such that it is always immersed in the slag 3 
from a consumable electrode of a cross section which is larger «^th its full cross section. The ingot I is drawn off fi-om the 
than that of the ingot, comprising immersing the electrode in mold 4 at the lower end at such a rate that the liquid level of 
the slag bath and melting it down in drops by the passage of the pool 8 which is maintained at the head of the ingot I will 
the current and solidifying the melted electrode in a continu- 65 be present in the lower part 6 of the mold 4. The relative 
ous casting mold having a cross section comparable to that of movement of the electrode 2 and the ingot I in respect to the 
the ingot and a widened head portion so that the cross section mold 4 can be achieved either by lowering the electrode 2 and 
of the slag is at least as great as that of ti^e electrode, and ap- the ingot 1 while the mold is retamed in the stationary position 
preaching the electrode to the mold at a rate of speed such or by a corresponding lifting of the mold 4 and the electrode 2 
that it immerses with its full cross section into the slag, and 70 while the ingot 1 is retained relative to its surroundings, 
withdrawing the solidified ingot from the other end of the During the starting up of the operation as indicated in FIG. 
mold at a rale such that solid as well as liquid parts of the ingot 2. the electrode 2 is fitted with an electrode piece 10 of a 
are present only in the lower part of the mold. smaller diameter than the electrode and of a diameter sufR-

Anoiher object of the present invention is to provide a cient to permit it to enter into the lower part 6 of the mold 4. 
dcviccforthecontinuouscastingof an ingot of relatively small 75 The electrode piece is melted down because of the current 
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generated in the slag bath 3 between the electrode 10 and a project into the upper part 7 of the mold so that the electrode 
start up piece 11, and owing to this, the slag 3 will rise from need not be tapered at its lower end. Advantageously after the 
the lower portion б into the upper funnel shaped part 7 of the introduction of the start up piece the slag 3 is filled into the 
mold until it reaches a state in which the complete cross sec- upper part 7 and the remelt process is tnitiBted by current flow 
tion of the electrode 2 is immersed in the slag 3. At this point 5 between the electrode 2 and the start up piece 11, across the 
the process continues as outlined in FIG. 1. slag. It is possible to operate with either solid slag through arc 

The start up piece 11 is mounted on a water cooled bottom formation or with premolten liquid slag or with a start up slag, 
plate 12 having a diameter which is larger than the opening of Because of the conical enlargement of the lower portion 6 
the bottom part б of the mold 4. The mold 4 and the bottom of the mold the ingots 1 can be drawn off downwardly with out 
plate 12 are corfed by the circulation of water throughinlets *̂̂  difficulty and without imparting a vibrating movement 
4й, 4л and 12e respectively and outlets 4b, 46 and I2ft respec- between the mold and the ingot as in continuous casting. The 
lively. Material 13 forms a seal at the bottom of mold 4 during reliable conduction of the drtjps which fall on the upper fUnnel 
start up of the molding operation. shaped part 7 of the mold into the liquid pool 8 of the ingot 

Another arrangement for the starting up operation is shown ^ ^ head and the large ratio of the cross section of the electrode to 
in FIG. 3. In this embodiment a relatively large start up piece the cross section of tiie ingot at small height of the upper part 
11' is positioned on the bottom plate 12 and sealed by the 7 of the mold is achieved by making the upper part in the coni-
sealing material 13 to the bonom of the lower part б of the cal form which has a cone opening of between 60' to 160" and 
mold as in the other embodiments. In this arrangement the preferably 90°. 
start up piece 1Г has a diameter which is only slightly smaller JQ The process of the invention makes it possible to melt ingots 
than the interior diameter of the lower part 6 of the mold and pf small cross section from remelt electrodes 2 of very large 
the piece extends upwardly into the upper part 7 of the mold diameter. This saves expensive shaping work in the rolling mill 
4. With such an arrangement the slag 3 filb the lower part 6 ^т in the forge which was inevitable for the production of 
around the circumference of the start up piece 11' and also s^all ingots which were carried out heretofore by the electro 
extends up into the upper part 7 and encompasses the fuU 25 slag remelting process. With the present method excellent 
cross section of the electrode 2. quaЦty ^nd the absence of pores can be obtained for such 

In order to facilitate the drawing off of the ingot the lower precision and end products as axles, shafts and wires. The 
part 6 of the mold 4 is made shghtiy conically widened toward ^^^^^ ^^.^^^ ^j, • ^ -^ ̂ ^ ^^^ ^ ^ j , ; ^ ^ ^e necessa-
its foot and starting from its cross section at the head 5 as ry after the process of the invention wiU be fully sufficient to 
shown in n o . 1. The openmg angle of the upper part 7 is ш зО ensure end products of equal technoligical quality as the end 
the example, lUustrated 9 0 . This angle has prooved ap- products which have been obtained by the known pr^jcesses. 
propriate because on the one hand it reliably prevents the ad- ^he invention wiU now be explained by way of several ex-
hesion of falling drops of melt material and collects tiiem in ^^i^^^ •^^ ^^j„ understood however that these examples are 
the ingot head, and. on the other hand, at tiie upper porhon 7 ^^^^ ^y way of illustrations and not fay way of limitation and 
the cross section ts sufficientiy great for the remeiting of very 35 tĵ ĵ ^^anges may be effected without affecting in any 
thick electrodes and this large cross secUon is attained witirant ^^y j^e scope and spirit of the appended claims, 
a very great structural height. For the removal of the heat of 1 
solldiftcation the continuous casting mold is continuously EXAMPLE 1 
cooled with the water and so is the bottom plate 12. ' 

The process of the invention is carried out in the following 40 This lest was carried out with an electrode having a diame-
manner- * ^ °̂  ^ ^ " ' ' " "̂*^ ̂  weight of 2.5 tons. Analysis of tiie elec-

To facilitate the starting up of the remelt process, the lower ї^'іе indicated the following composition 
part of the electrode 2 is, at the beginning of remelting. pro- Crl8.5%. №11.0%, Mn:1.87%. Mo:0.26%, Si:0.54%. 
vided with a welded on electrode piece of smaller cross sec- B:0.002%, 8:0.012%. C:0.0l59b . 
tion such as the electrode piece 10. This piece 10 is chosen so '*5 An ingot of 100 mm diameter was remelted from the elec-
that its mass approximately fills the lower part б of the mold 4. t^ode. The diameter of the lower portion of the mold was 100 
In this manner the melted down electrode which does not fit ^"^ while its length was 300 mm. The upper funnel-shaped en-
through the lower part of the mold with its full cross section is '^sed portion of the mold had an opening angle of 90° and a 
brought into direct contact or into the vicinity of cooled start height of 150 mm. 
up section such as the start up section I I . This initiates the ^" ^ starting piece of 60 mm diameter and alength of 810 mm 
melting down process. An arc is directed through solid slag 3 and composed of the same material as that of the electi-ode 
between the electrode and the bottom plate 11 or the electric was connected to the electrode prior to its remelting by weld-
current flows through a liquid slag 3 without an arc. In addi- '"8- F""" * e purpose of initiating the remelting, the mold was 
tion, a so-called start up slag namely a slag conductive only in 55 closed at its lower end by a water-cooled bottom plate with a 
the solid state such as titanium oxide may be used. During the ^^°^ ignition disk of the same material as tiiat of the starting 
melting in of tile welded on electrode section the slag is dis- piece. By lowering the electrode by means of a lifting device 
placed from the lower part of the mold 4 into tiie funnel shape comprising block and tackle and a driving motor, the starting 
upper part 7 so that the electrode can dip into the slag with its Piece was brought into melalUc contact with the ignition disk 
greater diameter. Since the method of starting up occurs in the go ^^* * * bottom plate. Thereafter 16.5 kg of slag in powder form 
lower part of the mold any disturbances by formations of steel and consisting of 70 percent of CaF, and 30 percent of AljOa 
bridges which might interrupt the melting down process are where filled into the mold. The electrode and the bottom plate 
avoided. were connected with the clamps of a transformer. By slightiy 

In the other embodiment of the start up operation, a start up lifting the electrode and by switching on the transformer, a 
piece whose diameter is of a slightly smaller diameter than 55 light arc was formed between the starting piece and the igni-
that of the lower part of the mold б such as the piece 11' tion disk. Under the action of this light arc. the slag in powder 
which fdls a major portion of the lower part б and a portion of form was melted. ТЪе light arc was extinguished after three 
the upper part 7 of the m< d̂ 4. For the reliable avoidance of minutes and the partially liquid slag caused the further con-
steel bridges the start up piece 1Г may end below the head of duction of current. 
the lower mold portion and the electrode may be tapered 70 The starting piece melted in about 10 minutes and its 
conically as shown at 2a in FIG. 1 at its front end or have an material filled the lower part of the mold. The larger portion 
electrode piece of extension of smaller cross section secured of the slag was displaced in this manner into the funnel-shaped 
to this front end such as a piece comparable to the piece 10. mold portion. 10 mm of the slag remained in the lower portion 
With this arrangement, the remelt process will start in the of the mold. After melting of the starting piece, the electrode 
lower part 6 of the mold. Alternatively, the start up piece may "^5 dipped with its complete cross-section of 200 mm into the slag 
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bath which latter had at its surface a diameter of about 320 rent strength was about 8,500 ampere. The remclting speed 
mm. The potential during the remelting amounted to 42 volts, amounted to 4 kg per minute. The entire remelting procedure 
while the current strength was 5500 A. The slag bath was for the 2.5 ton ingot lasted about 630 minutes, Starting and 
maintained at a constant height of about 110 mm above the final analysis correspond to that of the preceding example, 
upper edge of the lower portion of the mold. This was accom- 5 While specific embodimentsofthc invention have been shown 
plished by continuously adding slag. The remelting speed was and described in detail to illmtrate the application of the prin-
3.4 kg per minute. The lowering speed of the ingot was ad- ciples of the invention, it will be understood that the invention 
justed in such a manner that at any given moment 10 mm of шау be embodied otherwise without departing from such prin-
slag remained in the lower cylindrical portion of the mold. ciples. 
This was done in order to prevent that the ingot would remain Ю What is claimed is: 
suspended by solidification in the upper fimnel-shaped portion ^ The process of producing a steel ingot of reiatively 
of the mold. reduced cross-section from a consumable electrode of rela-

The entire remelting period for the ingot of 2.5 tons tively large cross-section in respect ofthatofsaid ingot, within 
amounted to 730 minutes. The ingot thus produced «ras ^ '"°''* having a lower exit part with a cross-section cor-
completely segregation free and had a perfect surface. The >5 responding approximately to that of said ingot for discharging 
analysis ofthe ingot indicated the following composition; ^^^" ^aid mold, and having a feed-m part essentially 

Cr:i8.5%. Ni:U.O^ Mn:1.8%. Mo:0.26%, Si:0.50%, frustoconical in shape with an uppermost end presenting a 
B'O 002% S-0 005% C'O 015% diameter larger than the diameter of said consumable elec­

trode and that of said ingot; comprising, in combination, the 
EXAMPLE і 20 steps of arranging, at the beginning of the process, a stert up 

piece forming the initial end of the ingot to be formed ivithin 
The test of Example I was repeated in another plant, the lower part of the mold, said start up piece being of a size 

wherein the lower portion of the mold was also 300 mm long such that it extends at its top end into the upper part of the 
and had a circular cross section of 100 mm. The opening angle mold and of a diameter such that it is only slightly smaller than 
ofthe upper portion ofthe mold, however, amounted to 120°. 25 the lower part of the mold, starting electrode remelting by 
An ingot with 100 mm diameter was remelted from an elec- establishing a flow of electric current from said electrode to 
trode of 300 mm diameter. The starting of the procedure in said start-up piece, subjecting the start-up piece to melting, 
this test was accomplished thereby that the bottom piece was directing the upper end of the ingot whose diameter is slightly 
rigidly connected with a water-cooled starting piece of 95 mm smaller than that ctf the lower mold part toward the upper 
diameter and 400 mm length. 'Піе bottom piece with the start- 30 mold part, producing slag within said mold parts to surround 
ing piece connected thereto was introduced into the mold theingotatleast in the lower mold part, gradually filling said 
from below and projected into the upper, funnel-shaped рог- mold from its lower part through displacing the slag toward 
tion of the mold. After the current connections of the trans- the upper mold part, tiiereafter advancing continuously the 
former had been applied to the electrode and Uie bottom consumable electrode relative to tiie mold and within said slag 
piece, the electrode was moved by means of a lifting device 35 through said feed-in portion at a rate, so that said electrode 
until contact with the starting piece was accomplished. The remains with its entire cross-section immersed in said slag, I 
mold was then filled with 120 kg of slag in powder form and wbUe the ingot in formation is in said lower mold part, condi- I 
consisting of 70 percent of CaF^ and 30 percent of А1,Оэ, the Zoning saJd lower mold part for solidifying said ingot therein. \ 
slag reaching up into the funnel. The melting procedure was an î witiidrawing the ingot upon solidification and at a rate to 
initiated by generating a light arc. The slag height in the funnel 40 obtain liquid ingot parts, as well as a solid mgot only in said 
was maintained at about 200 mm by addition of slag. The voU- '*'*^^ "'° '̂* P ^ -
age during ihe remelting amounted to 55 volt while the cur- * * * * * 
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[57] ABSTRACT 

A process for the production of a steel ingot of small cross sec­
tions comprises forming the ingot within the lower end of a 
mold which has a head portion which widens out in a conical 
configuration at its upper end and which carries in its conical 
portion a slag bath. A consuming electrode is dipped into the 
slag bath and it melts down in drops due to the passage of cur* 
rent and solidifies in the continuous casting mold at the top of 
the ingot The electrode is moved at a speed such that it ap­
proaches the mold at a speed to remain immersed witii its full 
CTOS& section in the slag and so that the solid as well as the 
liquid parts of the ingot are present only in the lower part of 
the mold. The apparatus for carrying out this process includes 
a mold having a lower end of uniform cross section and an 
upper outwardly flaring conical end. The walls of the conical 
portion have an opening angle of between 60° and 120" and 
preferably 90° and this is s^^cient to contain a slag bath to 
permit the electrode of a larger diameter than the ingot to be 
lowered into the bath with its full cross section. 
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PROCESS AND APPARATUS FOR PROVIDING STEEL cross section which includes a mold having a portion com-
INGOT parable Ю the cross section of the ingot to be formed and a 

widened upper conical portion for receiving a slag bath, with 

SUMMARY OF THE INVENTION 5 «"«fj^ f̂ " withdrawing the ingot from Л е lower end 
-> mold and for inserting a consumable electrode at a rate of 

This invention relates in general to 3 metallurgical process speed to cause the melting thereof in the slag and the engage-
and apparatus and in particular to a new and useful device for inent of the entire cross section in the slag; the mold including 
the production of steel ingot of small cross section by elec- means for соЫ1п8 the formed ingot as it is wthdiawn in order 
irode slag remelting. that the solid and liquid phase of the withdrawn ingot exists 

The invention is particularly applicable to the production of only at the lower part of the mold having the cross section of 
steel ingots of small cross section. In the known process of the ingot. 
electro slag remelting, self consuming electrodes are melted in A further object of the invention is to provide a continuous 
a water cooled mold which has a greater diameter than the cast mold which is simple in design, rugged in construction, 
electrode. The melting takes place by the passage of current »с and economical to manufacture. 
between the electrode and a liquid slag into which the elec- The various features of novelty which characterize the in-
trode is immersed and the ingot solidifies in the mold. The vention are pointed out with particularity in the claims an-
steel particles melted down from the electrode under the ac- nexed to and forming a part of this specification. For a better 
tion of the passage of the current fall in the form of ckops understanding of the invention, its operating advantages and 
through the liquid slag bed and into the liquid pool in the head 20 specific objects attained by its use, reference should be had to 
of the solidified ingot Because the draw off of the solidified the accompanying drawings and descriptive matter in which 
ingot is very slow compared with the continuous casting of the there are illustrated and described preferred embodiments of 
liquid steel, the liquid pool in the ingot head is very shallow the invention, 
and very pure ingots free from segregation and are formed. 
Because of the dense structure, the ingots produced in the 25 BRIEF DESCRIPTION OF THE PREFERRED 
electro slag remelt process require very little transformation EMBODIMENTS 
to obtain a faultless material fit for technologically high grade ]„ the drawings: 

purposes. It is inherent in the electro slag remelt process, how- pjo. j jg a schematic longitudinal section of a continuous 
ever, that only ingots can be produced which have a diameter casting mold constructed in accordance with the invention; 
greater than the electrodes used for remelting. This leads to 30 р ю . 2 is a view similar to FIG. I but indicating additions at 
expensive reshaping of large ingots by rolling or forging and the start up of ttie operation and before production is fully ef-
this is especially so for the production of objects of small cross fected' and 
sections such as axles, shafts or wires. Reduction of the cross p j o ' 3 is a view similar to FIG. 2 of another arrangement for 
section of the electrodes produced by casting merely shifts the xYt^ starting up operation, 
shaping work from the remelted products, the ingot, to the 35 
product still to be remelted and will also lower the degree of GENERAL DESCRIPTION OF THE PREFERRED 
utilization of the remelting plant. EMBODIMENTS 

An object of the present invention is to develop an „ - . . . . . . . . . 
economic process for the production of an ingot of small cross ^ R«*^"f8 !« the drawing m particular, the invention em-
section. In accordance with the invention, the steel ingot is re- ^0 bodied therem. as indicated m П О . 1, includes an apparatus 
melted by means of the electro slag remelting process, which ^"^ ,'"«*od for forming a continuous ingot 1 of relatively 
is known in itself and from an electrode having a greater cross ^ " ^ ' ^ " ^ ^^*=^o" **«=b is formed by the remeltmg from an 
section than that of the ingot. The electrode immerses into a electrode 2 of a larger cross secUon than Uiat of the mgot by 
slag bath and melts down in drops due to the passage of cur- , - »Ье electro slag remelt process. The electrode 2 is indicated in 
rent and then solidifies in a continuous casting mold which *^ « production posiaon in which its fuU cross section is im-
presems at the head of its lower part tiie same interior section ^^^'^'" a slag badi 3. TTie elecuode 2 melts down and drops 
as that of the ingot. The upper part of the continuous casting **"« to the evolution of heat upon the passage of current 
mold is widened in a funnel like a conical form to provide an through tiie slag 3 and its solidifies in a continuous casting 
area at least as great as tiiat of the cross section of tiie elec- ,^, ^°^'^ generally designated 4. 
irode. The funnel is filled with slag to the extent that its sur- ^ ї " accordance with the invention, the contmuous casting 
face corresponds at least to the full cross section of the elec- n^o'd ^ includes a lower part б having an interior cross section 
trode. The rate of approach of the melt electrode relative to comparable to that of the ingot being formed and an upper 
the mold is so selected that the electrode immerses in the slag part 7 which is of frusto-conical configuration and forms a 
with its full cross section at all times and the rate of the lower- 55 widened fimnel form at tiie top of Uie mold 4. In the produc­
ing of the solidified ingot relative to the mold is so selected t'on stage indicated at FIG. 1, the upper funnel part 7 is filled 
that the solid as well as the liquid parts of the ingot are present with the siag 3 to the extent that its surface is greater than the 
only in the lower pan of the mold. " o s s section of the electrode 2 so that the electrode 10 im-

Accordingly, it is an object of the invention to provide an merses with its fiiU cross section into the slag, 
improved mettiod for reproduction of a steel ingot of small 60 ^ " " " 8 remelting the electrode 2 is lowered relative the 
cross section by remelting the ingot by electro slag remelting «^cld 4 at a rate such that it is always immersed in the slag 3 
from a consumable electrode of a cross section which is larger with its full cross section. The ingot 1 is drawn off йтэт the 
than that of the ingot, comprising immersing the electrode in mold 4 at the lower end at such a rate that the liquid level of 
the slag bath and melting it down in drops by the passage of the pt>ol 8 which is maintained at the head of the ingot I will 
the current and solidifying the melted electrode in a continu- 65 be present in the lower part 6 of the mold 4. The relative 
ous casting mold having a cross section comparable to that of movement of the electrode 2 and the ingot 1 in respect to the 
the ingot and a widened head portion so titat the cross section mold 4 can be achieved either by lowering the electrode 2 and 
of the slag is at least as great as that of the electrode, and ap- the ingot 1 while the mold is retained in the stationary position 
proaching the electrode to the mold at a rate of speed such or by a corresponding lifting of the mold 4 and the electrode 2 
that it immerses with its full cross section into the slag, and 70 while the ingot 1 is retained relative to its surrcMindings. 
withdrawing the solidified ingot from the oUier end of the During the starting up of the operation as indicated in FIG. 
mold at a rate such that solid as well as liquid parts of the ingot 2, the electrode 2 is fitted with an electrode piece Ї0 of a 
are present only in the lower part of the mold. smaller diameter than the electrode and of a diameter sufTi-

Anoiher object of the present invention is to provide a cient to jjermit it to enter into the lower part 6 of the mold 4. 
deviccfor thecontinuouscastingof aningotof rclativelysmall 75 The electrode piece is melted down because of the current 
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generated in the slag bath 3 between the electrode 10 and a project into the upper part 7 of the mold so that the electrode 
start up piece 11, and owing to this, the slag 3 will rise from need not be tapered at its lower end. Advantageously after the 
the lower portion 6 into the upper funnel shaped part 7 of the introduction of the start up piece the slag 3 is filled into the 
mold until it reaches a state in which the complete cross sec- upper part 7 and the remdt process is iiutiated by current flow 
tion ofthe electrode 2 is immersed in the slag 3. At this point 5 between the electrode 2 and the start up piece 11, across the 
the process continues as outlined in FIG. 1. slag. It is possible to operate with either solid slag through arc 

The start up piece 11 is mounted on a water cooled bottom formation or with premoUen liquid slag or with a start up slag. 
plate 12 having a diameter which is larger than the opening of Because of the conical enlargement of the lower portion 6 
the bottom part б of the mold 4. The mold 4 and the bottom ofthe mold the ingots 1 can be drawn off downwardly with out 
plate 12 are cocJed by the circulation of water through inlets '** difficulty and without imparting a vibrating movement 
4a. 4d and 12a respectively and ouUets 4b, 4b and 12& respec- between the mold and the ingot as in continuous casting. The 
lively. Mateiial 13 forms a seal at the bottom of mold 4 during reliable conduction ofthe drops which fall on the upper fimnel 
start up ofthe molding operation. shaped part 7 of the mold into the liquid pool 8 of the ingot 

Another arrangement for the starting up operation is shown head and the large ratio ofthe cross section ofthe electrode to 
in FIG. 3. In this embodiment a relatively large start up piece the cross section of the ingot at smaU height of the upper part 
11' is positioned on the bottom plate 12 and sealed by the 7 ofthe mold is achieved by making the upper part in the coni-
sealing material 13 to the bottom of the lower part б of the cal form which has a cone opening of between 60" to 160' and 
mold as in the other embodiments. In this arrangement the preferably 90°. 
start up piece 11' has a diameter which is only slightly smaller ^Q The process of the invention makes it possible to melt ingots 
than the interior diameter of the lower part б of the mold and of small cross section from remelt electrodes 2 of very large 
the piece extends upwardly into the upper part 7 of the mold diameter. This saves expensive shaping work in the rolling mUl 
4. With such an arrangement the slag 3 fills the lower part 6 ^r in the forge which was inevitable for the production of 
around the circumference of the start up piece I I ' and also д̂̂ ац jng^ts which were carried out heretofore by the electro 
extends up into the upper part 7 and encompasses the full 25 siag remelting process. With the present method excellent 
cross section ofthe electrode 2. ^ц^Шу and t^e absence of pores can be obtained for such 

In order to facilitate the drawing off of the mgot the lower precision and end products as axles, shafts and wires. The 
part б of the mold 4 is made sUghUy conically widened toward ^-^^^^ ^^^^^^ ^^aping in the rolling miU which will be necessa-
its foot and starting from its cross section at the head 5 as ^ ^^^ ^^ ^^^^^ „f ^^ invention wiU be fully sufficient to 
shown in FIG. I. The opening angle of the upper part 7 is ш зо ensure end products of equal technoUgical quality as the end 
the example, ittustrated 90°. Tbis angle has piooved ap- products which have been obtained by the known processes, 
propriate because on the one hand it reliably prevents the ad- -̂̂ e invention will now be explained by way of several ex-

hesion of falling drops of melt matenal and collects them m amples. it being understood however that these examples are 
the mgot head, and, on the other hand, at the upper poruon 7 ^^^^ ^^ ^^ Шustrations and not by way of limitation and 
the cross section IS sufficiently great for the remelUng of very 35 ^^^^ ^ ^ y ,̂banges may be effected without affecting in any 
thick electrodes and this large cross section is attained without ^^y j^e scope and spirit (rfthe appended claims. 
a very great structural height. For the removal of the heat of 1 
solidification the continuous casting mold is continuously EXAMPLE I | 
cooled with the water and so is the bottom plate 12. . . . 

The process of the invention is carried out in the following 40 This test was earned out with an electrode having a diame-
manner- ' ^ °^ '^'^^ ' " ' " ^""^ * weight of 2.5 tons. Analysis of Йіе elec-

To facilitate the starting up of the remelt process, the lower »"> «̂ indicated the following composition 
partoftheelectrode2is.atthebeginningofremelting.pro- Cnl8.5%, Ni:11.0%. Mn:1.87%, Mo.-0.26%. Si;0.54%, 
vided with a welded on electrode piece of smaller cross sec- B;0.002%, S:O.0I2%, 00.015% . 
tion such as the electrode piece 10. This piece 10 is chosen so 45 An ingot of 100 mm diameter was remelted from the elec-
that its mass approximately fills the lower part 6 ofthe mold 4. ^^^^- Tbe diameter ofthe lower portion ofthe mold was 100 
In this manner the melted down electrode which does not fit ^^ while its length was 300 mm. The upper funnel-shaped en-
through the lower part of the mold with its ftill cross section is l^rged portion of the mold had an opening angle of 90° and a 
brought into direct contact or into the vicinity of cooled start height of 150 mm. 
up section such as the start up section 11. Tbis iniUates the ^^ Astartingpieceof 60 mm diameter and a length of 810 mm 
melting down process. An arc is directed through solid slag 3 ^ ' ^ composed of the same material as that of the electrode 
between the electrode and the bottom plate 11 or the electric * ^ connected to the electrode prior to its remelting by weld-
current flows through a liquid slag 3 without an arc. In addi- '"Е- ̂ °^ »*« purpose of initiating the remelting, the mold was 
Uon, a so-called start up slag namely a slag conductive only in ^, closed at its lower end by a water-cooled bottom plate with a 
the solid stale such as titanium oxide may be used. During the short ignition disk of the same material as that ofthe starting 
melting in of tiie welded on electrode section tiie slag is dis- Р«се. By lowering the electrode by means of a lifting device 
placed from the lower part of tiie mold 4 into the funnel shape comprising block and tackle and a driving motor, the starting 
upper part 7 so that the electrode can dip into the slag with its P'ece was brought into metallic contact with the ignition disk 
greater diameter. Since the method of starting up occurs in the QQ on the bottom plate. Thereafter 16.5 kg of slag in powder form 
lower part of the mold any disturbances by formations of steel and consisting of 70 percent of Cap, and 30 percent of AljOa 
bridges which might interrupt the melting down process are where filled into the mold. The electrode and the bottom plate 
avoided. -weTe connected with the clamps of a transformer. By slightly 

In the other embodiment of the start up operation, a start up lifting the electrode and by switching on the transformer, a 
piece whose diameter is of a slightiy smaller diameter than 65 light arc was formed between the starting piece and the igni-
that of the lower part of the mold б such as the piece 11' tion disk. Under the action of this light arc, the slag in powder 
which fills a major portion of the lower part б and a portion of form was melted. The light arc was extinguished after three 
the upper part 7 of the mcJd 4. For the reliable avoidance of minutes and the partially liquid slag caused the further con-
steel bridges the start up piece П ' may end below Й1Є head of duction of current. 
the lower mold portion and the electrode may be tapered 70 The starting piece melted in about 10 minutes and its 
conically as shown at 2e in FIG. 1 at its front end or have an material filled the lower part of the mold. The larger portion 
electrode piece of extension of smaller cross section secured oftheslag was displaced in this mannerintothefunnel-shaped 
to this front end such as a piece comparable to the piece 10. mold portion. 10 mm ofthe slag remained in the lower portion 
With this arrangement, the remelt process will start in the of the moid. After melting of the starting piece, the electrode 
lower part б ofthe mold. Alternatively, the start up piece may 75 dipped with its complete cross-section of 200 mm into the slag 





3,677,323 
5 6 

bath which latter had at its surface a dibmcter of about 320 rent strength was about 8,500 ampere. The remelting speed 
mm. The potential during the remelting amounted to 42 volts, amounted to 4 kg per minute. The entire remelting procedure 
while the current strength was 5500 A. The slag bath was for the 2.5 ton ingot lasted about 630 minutes. Starting and 
maintained at a constant height of about 110 mm above the final analysis correspond to that of the preceding example. 
upperedgeofthelowerportionof the mold. This was accom- 5 While specific embodiments ofthe invention have been shown 
pushed by continuously adding slag. The remelting speed was and described in detail to illustrate the application of the prin-
3.4 kg per minute. The lowering speed ofthe ingot was ad- ciples ofthe invention, it will be understood thatthe invention 
justed in such a manner that at any given moment 10 mm of «lay be embodied otherwise without departing from such prin-
slag remained in the lower cylindrical portion of the mold. ciples. 
This was done in order to prevent that the ingot would remain ^ ̂  What is claimed is; 
suspended by soIidificErtion in tiie upper funnel-shaped portion 1- Tbe process of producing a steel ingot of relatively 
ofthe mold. reduced cross-section from a consumable electrode of rela-

The entire remelting period for the ingot of 2.5 tons tivelylargecross-sectioninrespectofthatofsaidingot,within 
amounted to 730 minutes. The ingot thus produced was ^ "̂ ô ** having a lower exit part with a cross^ection cor-
completely segregation free and had a perfect surface. TTie '^ responding approximately to Uiat of said ingot for discharging 
analysisoftheingotindicatedthefollowingcomposition; *^°" ^'^ '"°''*' ^*^ having a feed-in part essentially 

Cr:18.5%. Ni:11.0%, Mn:l.8%, Mo:0.26%, Si:0.50%, fnistoconical in shape with an uppermost end presentmg a 
B'O 002% S-0 005% C'O 015% diameter larger than (he diameter of said consumable elec­

trode and that of said ingot; comprising, in combination, the 
EXAMPLE 2 20 steps of arranging, at the beginning oS the process, a start up 

piece forming the initial end oi the ingot to be formed within 
The test of Exatnple I was repeated in another plant. the lower part of the mold, said start up piece being of a size 

wherein the lower portion of the mold was also 300 mm long such that it extends at its top end into tiie upper part of the 
and had a circular cross section of 100 mm. The opening angle moid and of a diameter such that it is only slightly smaUer than 
ofthe upper portion ofthe mold, however, amounted to 120". 25 the lower part of the mold, starting electrode remelting by 
An ingot with 100 mm diameter was remelled from an elec- establishing a flow of electric current fi-om said electrode to 
trode of 300 mm diameter. The starting of the procedure in said stait-up piece, subjecting the start-up piece to mating, 
this test was accomplished thereby that the bottom piece was directing the upper end of the ingot whose diameter is slightiy 
rigidly connected with a water-cooled starting piece of 95 mm smaller than that of the lower mold part toward the upper 
diameter and 400 mm length. The bottom piece with the start- 30 mold part, producing slag within said mold parts to surround 
ing piece connected thereto was introduced into the mold the ingot at least in the lower mold part, gradually filling said 
from below and projected into the upper, funnel-shaped рог- mold from its lower part through displacmg the slag toward 
tion of the mold. After the current connections of the trans- the upper mold part, thereafter advancing continuously the 
former had been applied to the electrode and the bottom consumable electrode relative to the mold and within said slag 
piece, the electrode was moved by means of a lifting device 35 through swd feed-in portion at a rate, so that sud electrode 
until contact with the starting piece was accomplished. The remains with its entire cross-section immersed in said slag, 
mold was then filled witii 120 kg of slag in powder form and while the ingot in formation is in said lower mold part, condi-
consisting of 70 percent of CaFj and 30 percent of А1,Оз, the »'0"'"8 said lower mold part for solidifying said ingot therein, 
slag reaching up into the funnel. The melting procedure was and withdrawing the ingot upon solidification and at a rate to 
initiated by generating a tight arc. The slag height in the funnel 40 obtain hquid ingot parts, as well as a solid mgot only ш said 
was maintained at about 200 mm by addition of slag. The volt- '°*«'' f"̂ '*̂  P ^ ' 
age during the remelting amounted to 55 volt while the cur- * * * * * 
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[57] ABSTRACT 

A process for the production of a steel ingot of small cross sec­
tions comprises forming the ingot within the lower end of a 
mold which has a head portion which widens out in a conical 
configuratjon at its upper end and which carries in its conical 
portion a slag ba^. Л consuming electrode is dipped into the 
slagbathandit melts down in drops due to the passage of cur* 
rent and solidifies in the continuous casting mold at the top of 
the ingot The electrode is moved at a speed such that it ap­
proaches the mold at a speed to remain immersed with its full 
cross section in the slag and so that the solid as well as the 
liquid parts of the ingot are present only in the lower part of 
the mold. The apparatus for carrying out this process includes 
a mold having a lower end of uniform cross section and an 
upper outwardly flaring conical end. The walls of the conical 
portion have an opening an^e of between 60" and 120' and 
preferably 90° and this is sufScient to contain a slag bath to 
permit the electrode Ы a l^ger diameter than the ingot to be 
lowered into the bath with its Ш11 cross section. 

1 Claim, 3 Drawing Figures 
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PROCESS AND APPARATUS FOR PROVIDING STEEL cross section which includes a mold having a portion com-
INGOT parable to the cross section of the ingot to be formed and a 

widened upper conic^ portion for receiving e slag bath, with 

SUMMARY OF THE iNVENTTON < ^ « f f ^«f Ti^bdrawing the ingot from the lower end of the 
•' mold and for inserting a consumable electrode at a rate of 

ТШ mventUm гЫа(е& in general to a metallur^cal process speed to cause the melting thereof m the ^ag and the engage-
and apparatus and in particular to a new and useful device for ment of the entire cross section in the slag; the mold including 
the production of steel ingot of small cross section by elec- means for cooling the formed ingot as it is withdrawn in order 
trodeslag remelting. that the solid and liquid phase of the withdrawn ingot exists 

The invention is particularly applicable to the production of only at the lower part of the mold having the cross section of 
steel ingots of small cross section. In the known process of the ingot. 
electro slag remelting, self consuming electrodes are melted in A further object of the invention is to provide a continuous 
a water cooled mold which has a greater diameter th^i the cast mold which is simple in design, rugged in construction, 
electrode. The melting takes place by the passage of current ле and economical to manufacture. 
between the electrode and a liquid slag into which the elec- The various features of novelty which сЬагасХегіге the in-
trode is immersed and the ingot soIidiSes in the mold. The vention are pointed out with particularity in the claims an-
steel particles melted down from the electrode under the ac- nexed to and forming a part of this specification. For a better 
tion of the passage of the current fall in the form of drops understanding of the invention, its operating advantages and 
through the liquid slag bed and into the liquid pool in the head 20 specific objects attained by its use, reference should be had to 
of the solidified ingot. Because the draw off of the solidified the accompanying drawings and descriptive matter in which 
ingot is very slow compared with the continuous casting of the there are Шustrated and described iircferred embodiments of 
liquid steel, the liquid pool in the ingot head is very shallow the invention, 
and very pure ingots free from segregation and are formed. 
Because of the dense structure, the ingots produced in the 25 BRIEF DESCRIPTION OF THE PREFERRED 
electro slag remelt process require very litUe transformation EMBODIMENTS 
to obtain a faultless material fit for technologicaUy high grade \J^ ̂ ^e drawings; 

purposes. It is inherent in the electro slag remelt process, how- р ю . j jg 3 schematic longitudinal section of a continuous 
ever, that only ingots can be produced which have a diameter casting mold constructed in accordance with the invention; 
greater than the electrodes used for remelting. This leads to 30 pTO. 2 is a view simUar to HG. 1 but indicating additions at 
expensive reshapmg of large mgots by roUmg or forging and the start up of the operation and before production is fully ef-
this is especially so for the production of objects of small cross fected' and 
sections such as axles, shafts or wires. Reduction of the cross рю.' 3 is a view similar to FIG. 2 of another arrangement for 
section of the electrodes produced by casting merely shifts the ĵje starting up operation, 
shaping work from the remelted products, the ingot, to the 35 
product still to be remelted and will also lower the degree of GENERAL DESCRIPTION OF THE PREFERRED 
utilization of the remelting plant EMBODIMENTS 

An object of the present invention is to develop an „ -. . . . . . . . . 
economic process for the production of an ingot of smaU cross , 5.'^!"?°^ І*' »he drawing ш particular, the mvention em-
section. In accordance with the invention, the steel ingot is re- ^0 bodied therem, as indicated in FIG. 1, includes an apparatus 
melted by means of the electro slag remelting process, which ^"^^ '"«^^«i f» ' ^ ^ " ^ 8 a continuous ingot 1 of relatively 
is known in itself and from an electrode having a greater cross ^ " " ^ ' ^ " ^ ^ " ^ ^ о " **^c^' ^ *•<>""«<* by the remelting from an 
section than that of the ingot. The electrode immerses into a «lectrode 2 of a larger cross section than that of the iogot by 
slag bath and melts down in drops due to the passage of cur- ^ , *Ье electro slag remelt process. The electrode 2 is indicated in 
rent and then solidifies in a continuous casting mold which '*^ ^ production position in which its fuU cross section is im-
presents at the head of its lower part tiie same interior section mersed in a slag bath 3. The electrode 2 melts down and drops 
as tiiat of the ingot. The upper part of the continuous casting t*"® ^o the evolution of heat upon the passage of current 
mold is widened in a funnel like a conical form to provide an through the slag 3 and its solidifies in a continuous casting 
area at least as great as that of tiie cross section of Uie elec- ,« '"o'd generally designated 4. 

irode. The funnel is filled with slag to the extent that its sur- ' " accordance with the invention, the continuous casting 
face corresponds at least to the full cross section of the elec- "^^^^ ^ includes a lower part 6 having an interior cross section 
trode. The rate of approach of the melt electrode relative to comparable to that of the ingot being formed and ait upper 
the mold is so selected that the electrode immerses in the slag Part 7 which is of fimto-conical configuration and forms a 
with its full cross section at all times and the rate of the lower- 55 widened funnel form at tiie top of tiie mold 4, In the produc­
ing of the solidified ingot relative to the mold is so selected ^ion stage indicated at FIG. I, the upper funnel part 7 is filled 
that the solid as well as the liquid parts of the ingot are present with the slag 3 to the extent that its surface is greater than the 
only in the lower part of the mold. cross section of the electrode 2 so that the electrode JO im-

Accordingly. it is an object of the invention to provide an merses with its fuQ cross section into the slag, 
improved method for reproduction of a steel ingot of small go D u " " 8 remelting the electrode 2 is lowered relative the 
cross section by remelting the ingot by elecUo slag remelting "^o'd 4 at a rate such tiiat it is always immersed in the slag 3 
from a consumable electrode of a cross section which is larger with its full cross section. The ingot I is drawn off from the 
than that of the ingot, comprising immersing the electrode in mold 4 at the lower end at such a rate that the liquid level of 
the slag bath and melting it down in drops by the passage of the poo! 8 which is maintained at the head of the ingot 1 will 
the current and solidifymg the melted electrode in a continu- 65 be present in the lower part 6 of the mold 4. The relative 
ous casting mold having a cross section comparable to that of movement of the electrode 2 and the ingot 1 in respect to the 
the ingot and a widened head portion so that the cross section mold 4 can be achieved either by lowering the electrode 2 and 
of the slag is at least as great as that of the electrode, and ap- the ingot 1 while the mold is retained in the stationary position 
proaching the electrode to the mold at a rate of speed such or by a conespondjng lifting of the mold 4 and the electrode 2 
that it immerses with its full cross section into the slag, and 70 while the ingot I is retained relative to its surroundings, 
withdrawing the solidified ingot from the other end of the During the starting up of the operation as ituUc^ed in FIG. 
mold a taratesuch that solid as well as liquid partsof the ingot 2, the electrode 2 is fitted with an electrode piece 10 of a 
are present only in the lower part of the mold. smaller diameter than the electrode and of a diameter suffi-

Another object of the present invention is to provide a cient to permit it to enter into the lower part 6 of the mold 4. 
dcviccfor thecontinuouscastingofan ingotof relativelysmail 75 The electrode piece is melted down because of the current 
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generated in the slag bath 3 between the electrode 10 and a project into the upper part 7 of the mold so that the electrode 
start up piece 11, and owing to this, the slag3 will rise from need not be tapered at its lower end. Advantageously after the 
the lower portion б into the upper fimnel shaped part 7 of the introduction of the start up piece the slag 3 is filled into the 
mold until it reaches a state in which the complete cross sec- upper part 7 and the remelt process is initiated by current flow 
tion of the electrode 2 is immersed in the slag 3. At this point 5 between the electrode 2 and the start up piece 11, across the 
the process continues as outlined in FIG. 1. siag. ft is possible to operate with either solid slag through arc 

The start up piece 11 is mounted on a water cooled bottom formation or with premolten liquid slag or with a start up slag. 
plate 12 having a diameter which is larger than the opening of Because of the conical enlargement of the lower portion 6 
the bottom part б of the mold 4. The mold 4 and the bottom of the mold the ingots 1 can be drawn off downwardly with out 
plate 12 are cooled by the circulation of water through inlets "^difficulty and \without imparting a vibrating movement 
4a, 4fl and 12a respectively and outlets 4fc, 4b and 12b respec- between the mold and the ingot as in continuous casting. The 
tively. Material 13 forms a seal at the bottom of moid 4 during reliable conduction of the drops which fall on the upper ftinnel 
start up ofthe molding operation. shaped part 7 of the mold into the liquid pool 8 of the ingot 

Another arrangement for the starting up operation is shown head and the large ratio of the cross section ofthe electrode to 
in FIG. 3. In this embodiment a relatively large start up piece the cross section of tiie ingot at small height of the upper part 
I I ' is positioned on the bottom plate 12 and sealed by the 7ofthe mold is achieved bymaking the upperpariin the corn-
sealing material 13 to the bottom of the lower part б of the cal form which has a cone opening of between бО̂ " to 160" and 
mold as in the other embodiments. In this arrangement the preferably 90°. 
startuppiece IV has a diameter which is only slightly smaUer ^Q Theprocessoftheinventionmakesitpossibletomeltingots 
than the interior diameter of the lower part б of the mold and of small cross section from remelt electrodes 2 of very large 
the piece extends upwardly into the upper part 7 of the mold diameter. This saves expensive shaping work in the rolling mill 
4. With such an arrangement the slag 3 fills the lower part б or in the forge which was inevitable for the production of 
around the circumference of the start up piece 11' and also g^gll ingots which were carried out herettrfbre by the electro 
extends up into the upper part 7 and encompasses the full 25 slag remelting process. With the present method excellent 
cross section ofthe electrode 2. ^ц^ціу ,^ tbe absence of pores can be obtained for such 

In order to facilitate the drawmg off of the mgot the lower precision and end products as axles, shafts and wires. The 
part б ofthe mold 4 is made sUghdy comcally widened toward ^^^^^ residual shaping in the rolling mill which will be necessa-
its foot and starting from its cross section at the head 5 as ŷ after the process ofthe invention wiU be (Ully sufficient to 
shown in FIG. 1. The openmg angle of the upper part 7 is in 30 ensure end products of equal technoligical quality as the end 
the example, iHustrated 90°. This angle has prooved ap- products which have been obtained by the known processes, 
propriate because on the one hand it reliably prevents the ad- r^^^ invention will now be explained by way of several ex-
hesion of falling drops of melt material and collects them in ^^^ ц u ĵ̂ g understood however that these examples are 
the ingot head. and. on the other hand, at the upper poruon 7 ^^^^ y^ ^^^ „f illustrations and not by way of limitation and 
the cross section is sufficientiy great for the remelting of very 35 ^^at many changes may be effected without affecting in any 
thick electrodes and this large cross secuon is attained without ^^y ^^е scope and spirit ofthe appended claims. 
a very great structural height. For the removal of the heat of I 
solidification the continuous casting mold is continuously EXAMPLE I \ 
cooled with the water and so is the bottom plate 12. 

The process ofthe invention is carried out in the following 40 This test was earned out with an electrode having a diame-
manner- **•" *^^ '^^^ '""^ ^"'' * weight of 2.5 tons. Analysis of the elec-

To facilitate the starting up of the remelt process, the lower ^^^^^ indicated the following composition 
part of the electrode 2 is. at the beginning of remelting. pro- Cr:18.5%, Ni:U.O%. Mn:I.87%. Mo:0.26%. Si:0.54%. 
vided with a welded on electrode piece of smaller cross sec- B:0.002%,S:0.012%,C:0.015% . 
tion such as the electrode piece 10. This piece 10 is chosen so ^^ An ingot of 100 mm diameter was remelted from the elec-
that its mass approximately fills the lower part б ofthe mold 4. ^'<^^- '^^ diameter of the lower portion of the mold was 100 
In this manner the melted down electrode which does not fit n>"̂  *hilc'«'«ngth was 300 mm. The upper funnel-shaped en-
through the lower part of the mold with its full cross section is '^S^*^ portion of the mold had an operang angle of 90° and a 
brought into direct contact or into the vicinity of cooled start height of 150 mm. 
up section such as the start up section П. This initiates the ^'' A starting piece of60 mm diameter and a length of 810 mm 
melting down process. An arc is directed tiirough solid slag 3 and composed of tiie same material as tiiat of the electrode 
between tile electrode and the bottom plate 11 or the electric was connected to the electrode prior to its remelting by weld-
current flows through a liquid slag 3 without an arc. In addi- '"8- Fof t*ie purpose of initiating tiie remelting, tiie mold was 
tion, a so-called start up slag namely a slag conductive only in , , dosed at its lower end by a water-cooled bottom plate with a 
the solid state such as titanium oxide may be used. During the short ignition disk of tiie same material as that ofthe starting 
melting in of tiie welded on electrode section the slag is dis- P>ece. By lowering Uie electrode by means of a lifting device 
placed from the lower part of tiie mold 4 into the funnel shape comprising block and tackle and a driving motor, the starting 
upper part 7 so that the electrode can dip into the slag with its РЇесе was brought into metallic contact with the ignition disk 
greater diameter. Since the method of stwting up occurs in the ^0 on the bottom plate. Thereafter 16.5 kg of slag in powder form 
lower part of the mold any disturbances by formations of steel and consisting of 70 percent of CaF, and 30 percent of AljOa 
bridges which might interrupt the melting down process are where filled into the mold. Tiie electrode and the bottom plate 
avoided. were connected with the clamps of a transformer. By slightiy 

In the other embodiment of the start up operation, a start up lifting the electrode and by switching on the transformer, a 
piece whose diameter is of a slightiy smaller diameter than 65 light arc was formed between the starting piece and the igni-
that of the lower part of the mold б such as the piece 11' tion disk. Under the action of this l^ht arc, the slag in powder 
which fills a major portion of the lower part б and a portion of form was melted. The light arc was extinguished after three 
the upper part 7 of the m< d̂ 4. For the reliable avoidance of minutes and the partially liquid slag caused the further con-
steel bridges the start up piece 11' may end below the head of duction of current. 
the lower mold portion and the electrode may be tapered 70 The starting piece melted in about 10 minutes and its 
conically as shown at 2a in FIG. 1 at its front end or have an material filled the lower part of the mold. The larger portion 
electrode piece of extension of smaller cross section secured ofthe slag was displaced in this manner into the funnel-shaped 
to this front end such as a piece comparable to the piece 10. mold portion. 10 mm ofthe slag remained in the lower portion 
With this arrangement, the remelt process will start in the of the mold. After melting of the starting piece, the electrode 
lower part 6 of the mold. Alternatively. the start up piece may 7 5 dipped with its complete cross-section of 200 mm into the slaj 
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bath which latter had at its surface a diameter of about 320 rent strength was about 8,500 ampere. The remelting speed 
mm. The potential during the remelting amounted to 42 volts, amounted to 4 1 ^ per minute. The entire remelting procedure 
while the current strength was 5500 A. The slag bath was for the 2.5 ton ingot lasted about 630 minutes. Starting and 
maintained at a constant height of about 110 mm above the final analysis correspond to that of the preceding example, 
upper edge ofthe tower portion ofthe mold. This was accom- 5 While specific embodiments ofthe invention have been shown 
plished by continuously adding slag. The remelting speed was and described in detail to illustrate the application of the prin-
3.4 kg per minute. The lowering speed of the ingot was ad- ciples of the invention, it will be understood that the invention 
justed in such a manner that at any given moment 10 mm of niay be embodied otherwise without departing from such prin-
slag remained in the lower cyhndiical portion of the mold. ciples. 
This was done in order to prevent that the ingot would remain • 0 What is claimed is: 

suspended by solidification in the upper funnel-shaped portion 1- Tbe process of producing a steel ingot of relatively 
of the mold. reduced cross-section from a consumable electrode of rela-

The entire remelting period for the ingot of 2.5 tons tively large cross-section in respect ofthatofsaid ingot, within 
amounted to 730 minutes. The ingot thus produced was ^ "" ' '^ having a lower exit part with a cross-section cor-
completely segregation free and had a perfect surface. The ^^ responding approximately to that of said ingot for discharging 
analysisoftheingotindicatedthefollowingcomposition; ^om said mold, and having a feed-in part essentially 

Cr;18.5%, Ni:U.O%, Mn:1.8%. Mo;D.26%. Si.0.50?b, frustoconical in shape with an uppermost end presenting a 
B'O 002% S"0 005% C*0 015% diameter larger than the diameter of said consumable elec­

trode and that of said ingot; comprising, in combination, the 
EXAMPLE 2 20 steps of arranging, at the beginning <rf the process, a start up 

piece forming the initial end of the ingot to be formed within 
The test of Example 1 was repeated m another plant, the lower part of the mold, said start up piece being of a size 

wherem the lower portion of the mold was also 300 mm long such that it extends at its top end into the upper part of the 
and had a circular cross section of 100 ram. The opening angle mold and of a diameter such that it is only sUghtly smaller than 
of the upper portion of the mold, however, amounted to 120°. 25 the lower part of the nwld, starting electrodt remelting by 
An ingot with 100 mm diameter was remelted from an elec- establishing a flow of electric current from said electrode to 
trode of 300 mm diameter. The starting of the procedure in swd start-up piece, subjecting the start-up piece to melting, 
this test was accomplished thereby that the bottom piece was directing the upper end of the ingot whose diameter is slightly 
rigidly connected with a water-cooled starting piece of 95 mm smaller than that of the lower mold part toward the upper 
diameter and 400 mm length. The bottom piece with the start- зо moJd part, producing slag within said mold parts to surround 
ing piece connected thereto was introduced into the mold theingot at least in the lower mold part, gradually fdling said 
from below and projected into the upper, funnel-shaped por- mold from its lower part through displacing the slag toward 
tion of the mold. After the current connections of the trans- the upper mold part, thereafter advancing continuousiy the 
former had been applied to the electrode and the bottom consumable electrode relative to the mold and within said slag 
piece, the electrode was moved by means of a lifting device 35 tbrough said feed-in portion at a rate, so that said electrode 
until contact with the starting piece was accomplished. The remains with its entire cross-eection immersed in said slag, 
mold was then filled with 120 kg of slag in powder form and ^Ы1е the ingot in formation is in said lower mold part, condi-
consisting of 70 percent of CaF, and 30 percent of Al̂ Og, the t'oning said lower mold part for soliditying said ingot therein, 
slag reaching up into the funnel. The melting procedure was ^'^ withdrawing the ingot upon soUdiacation and at a rate to 
initiated by generating a light arc. The slag height in the ftinnel 40 obtain liquid mgot parts, as well as a solid mgot only in said 
was maintained at about 200 mm by addition of slag. The volt- I'̂ '* '̂" '"°''* P ^ -
age during the remelting amounted to 55 volt while the cur- • * • * * 
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