
" [75] 

1731 
[221 

United States Patent 1191 ‘ 
Ploc'kinger et a1; 

[54] PROCESS AND APPARATUS FOR 
ELECTRO-SLAG REMELTING METALS 
AND IN PARTICULAR STEEL. 

Inventors: Erwin Plockinvger, Wolfgang 
' . Holzgruber, both of Kapfenberg; " 

Peter Machner, Leoben, all of I ' 

Y Austria ‘ - v 

Gebr. Bohler & Co., Aktiengesell 
schaft, Kapfenberg, Austria‘ 

F1166; Aug. 23, 1972 
Appl. No.: 283,158 

Related U.S. Application Data 
Continuation of Ser. No. 814,376, April 8, 1969, 
abandoned. ' 

Assignee: 

1211 

1631 

1521 

[51] 
[53] 

us. or .............................. ._ 13/12, 1.3/9, 75/10, 

_ 164/52, 164/252 

._1n1,.,c|.,..;.. nosb 7/18, C22d 7/00, B22d'27/02 
Field of Search .............. ..75/10-12; 13/9, .125 i 

[56] References Cited 
UNITED STATES PATENTS 
1 1/1971 Holzgruber ........................... .. 

2/1927 Muller ....................... .. 

2/1947 Sciaky.... .. 321/4 
9/1952 Cage ..... .. 321/4 

5/1966 Cooper ................................. ..l3/34 

3,619,464 
1,615,995 
2,415,708 
2,610,288 
3,254,149 

13/12 
.... .. 13/9 

1 3,693,700 

.' Attorney-k-Arthur O. Klein 

[111 3,767,831 
1451 061. 23, 1973 

3,390,250 6/1968 Apblett ............................. .. 219/137 
3,439,103 4/1969 Holzgruber.. .... .. 13/14 
3,469,968 9/1969 Snow . . . . . . . . . . . . . . . .. 75/10 

3,483,300 12/1969 McGee ...... ._ 13/9 

3,496,092 2/1970 _ Fraser . . . . . . . . . . .. 321/4 

3,665,080 5/1972 Medovar.. ...... .. 13/9 

9/1972 Paton ...................................... .. 13/9 

OTHER PUBLICATIONS 
Duckworth & Hoyle, “Electro-Slag Refining," p. 88, 
(Chapman & Hall Ltd. 1969). 

Primary Examiner—L. Dewayne Rutledge 
Assistant Examiner—Peter D. Rosenberg 

[57] ABSTRACT 
An apparatus and method for electro-slag-remelting of 
metals and in particular steel. The electric current 
?owing through the to be molten electrode changes 
periodically. The current which is being fed to the ap 
paratus may be either an ordinary alternating current 
or a three-phase alternating current and is converted 
into a substantially different current having a base fre 
quency (f) which periodically changes its direction. It 
is the latter ‘current which supplies the power for re 
melting the electrode. 

12 Claims, 4 Drawing Figures 
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PROCESS AND APPARATUS FOR ELECTRO-SLAG 
REMELTING METALS AND IN PARTICULAR 

STEEL 
This is a continuation of application Ser. No. 814,376 

filed on Apr. 8, 1969 and now abandoned. 

BACKGROUND OF THE INVENTION 

The known installations for electro-slag-remelting 
metals by fusing down an electrode can be powered by 
direct or alternating current having the normal power 
supply frequency of 50 cycles respectively 60 cycles. 
When direct current is used, however, the fusing 

rate(in kilograms of metal per hour)and the energy 
consumption (in kilowatt-hours per ton) of the elec 
trode depend, all other conditions remaining constant, 
on the one hand, and the metallurgical properties of the 
metal ingot produced by the remelting process, on the 
other hand, substantially on the direction of the current 
?owing through the electrode. Thus, for example, if the 
to be remelted electrode represents the positive pole 
and the formed metal ingot represents the negative 
pole the fusing rate is high, whereas the metallurgical 
properties of the metal ingot are poor ‘(for example the 
metal ingot has a high oxygen content). When, in con 
tradistinction thereto, the to be remelted eletrode rep 
resents the negative pole and the metal ingot represents 
the positive pole, the metallurgical properties of the 
metal ingot are substantially better (for example the 
metal ingot has a low oxygen content) but the fusing 
rate is substantially lower than in an arrangement of 0p 
posite polarity as is described above. 
When alternating current of normal power supply 

frequency of 50 cycles, respectively 60 cycles, is used, 
the fusing rate is almost as high as in the first aforedes 
cribed example but the metallurgical properties of the 
formed metal ingots are similar to those of the second 
aforedescribed example. The use of alternating current 
has, however, the drawback of substantial inductive re 
sistance occurring in the feed lines. Since the remelting 
of metallic electrodes requires a very large electric 
power input, an unduly high unbalance in the power 
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supply frequently occurs. In order to avoid these draw- I 
backs there has already been proposed an arrangement 
in which a three-phase electric power supply is used for 
electro-slag-remelting of electrodes in which the base 
plate, on which the formed metal ingot rests, is con 
nected to the neutral point of the three phase system 
and three electrodes are each connected to one phase 
of the three-phase system. Such an arrangement is, 
structurally speaking, very complex because three sep 
arate electrodes must be simultaneously remelted in 
one mold. Such an arrangement is not only expensive 
to construct but involves also substantial production 
costs for the electrodes themselves. The alternating 
phase-displaced currents, which flow through the three 
electrodes, produce a rotating magnetic ?eld which 
causes the electrically conductive slag layer, which is 
superposed on the molten metal, to rotate. This rota 
tional movement causes the slag layer to form a rotat 
ing paraboloid which increases the surface through 
which a heat exchange between the slag layer and the 
cooled walls of the mold may take place. In addition 
thereto, the specific heat transfer characteristics be 
tween the slag and the cooled walls fo the mold are also 
increased. Consequently, the alternating current three 
phase power supply produces substantially higher heat 
losses in the electro-slag-remelting arrangement than 
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2 
the installations operating with'ordinary alternating 
current or direct current. ' 

SUMMARY OF THE INVENTION 

It is a principal object of this invention to provide an 
eIectro-slag remelting process and apparatus which 
substantially eliminates the afore-described disadvan 
tages and drawbacks. 

It is a more specific object of this invention to pro 
vide an apparatus for an electro-slag-remelting process 
which renders particularly advantageous results insofar 
as the fusing rate and the metallurgical properties of 
the produced metal ingot are concerned. 
The apparatus of this invention uses as a power sup 

ply a three-phase alternating or ordinary two-phase al 
ternating current. This power supply current is con 
verted into a current the direction of which periodically 
changes and which has a basic frequency (f) that is sub 
stantially different from the frequency of the three 
phase or two-phase alternating power supply current. 
The converted current flows through the electrode 
which is to be remelted. It has been found to be advan 
tageous if in the apparatus of this invention the rela 
tionship of times (T1, T2) during which the to be re 
melted electrode alternately forms the positive, respec 
tively the negative pole as well as the basic frequency 
(f) of the current ?owing through the to be remelted 
electrode can be adjusted. It has been furthermore 
found to be advantageous that the basic frequency (f) 
of the current which flows through the to be remelted 
electrode is substantially lower than the frequency of 
the power supply current and amounts to, for example, 
5 — 10 cycles. 7 

It has also been found advantageous in order to attain 
optimum results if the relationship of times (T,, T,) 
during which the to be remelted electrode alternately 
forms the positive, respectively negative pole is differ 
ent from 1. 
An apparatus in accordance with this invention for 

carrying out the process of the invention is fed by a 
three - phase power supply and has recti?ers, such as, 
for example, dry selenium rectifiers or adjustable recti 
fiers such as thyristors, and a convertor which is prefer 
ably a thyristor. Each phase of the three-phase power 
supply system is provided with a rectifier; one of the 
input terminals of each rectifier is connected to the 
neutralpoint of the three-phase power supply system 
and the other terminal to the convertor. 
The inductive resistances can advantageously be re 

duced in the apparatus of this invention by positioning 
the switch of the converter which is connected to the 
to be remelted electrode as closely as possible to the 
electrode and position the switching elements of the 
convertor which are connected to the base plate sup 
porting the mold as closely as possible to said base 
plate. 
A particularly simple and efficient embodiment of 

this invention comprises a main power supply line and 
a line leading from the neutral point of, for example, a 
three-phase or six-phase power supply which have a set 
of thyristors connected thereto for converting the 
power supply current into a uni-phase current the di 
rection of which periodically changes. The to be re 
melted electrode is connected to the uni-phase current. 

In a preferred re?nement of the aforedescribed em 
bodiment adjustable electronic or mechanical control 
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ling means cooperate with the set of thyristors for ad 
justing the uni-phase input current for the electrode. 

BRIEF DESCRIPTION OF THE DRAWING 
The invention is illustrated by way of example in the 

accompanying drawing which forms part of this appli 
cation and in which 
FIG. I is a schematic illustration of a first of many 

embodiments for carrying out the process of this inven 
tion;v 
FIG. 2 is a detailed circuit diagram of the convertor 

illustrated in FIG. 1; . ' 

FIG. 3 is a graph showing how the voltage U in the 
to be remelted electrode varies as a function of the time 
t; and ' 

FIG. 4 is a second one of many embodiments for car 

rying out the process of this invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
Before referring in detail to the figures it should be 

noted that the switches S1, S2, S3 and S4 of the convertor 
5 may not only beone of the many well-known me 
chanical types but may also be electronic type switches 
such as electronic switches which operate with chang 
ing control voltages (blocking voltages) as are, for ex 
ample, present in the operation of a thyristor. 
Referring now specifically to the embodiment illus 

trated in FIGS. and 2 of the drawing, a normal three 
phase power supply (having the usual frequency of 50 
cycles) feeds current through the terminals R, S and T 
and transforms the current by means of a three-phase 
current transformer 1 into a current of considerably 
lower voltage. The current is then converted into a di 
rect current having minor pulsations by means of the 

I plurality of recti?ers 2. The current is then conducted 
by means of the lines 3 and 4 to the converter 5. The 
operation of the convertor 5 is controlled by means of 
mechanically or electronically operated means 6, such 
as, for example,_a thyristor described in greater detail 
hereinafter. The convertor 5 causes the current at the 
output thereof to periodically change direction. The 
basicfrequency (f) as well as the time periods Tl, T2 
during which the-current ?ows in a positive respec 
tively negative direction can be adjusted by means of 
the control means 6. The positive directionof the cur 
rent is indicated by the arrow Z in FIG]. The basic fre 
quency (f) can be determined by the following formula 

One of the output leads 7 of the convertor 5 is con 
nected to the to be remelted electrode 9 and the output 
leads 8 is connected to the base plate 10 which prefera 
bly is made of copper. If steel is to be remelted with the 
apparatus then, the electrode 9 consists of steel which 
consumes itself by being molten down. The lower end 
'of the electrode 9 axially extends into a water-cooled 
mold 11 wherein there is present the liquid layer of slag 
12 which forms above the liquid layer of molten steel 
13. A solidi?ed ingot‘ of steel 10 eventually forms due 
to the cooling effect produced by the walls of the mold 
11 and comes to rest on the base plate 10. After the 
electrode 9 has been fuesd with the exception of a small 
remainder, the latter is pulled upwardly out of the slag 
layer 12 and is replaced with a new electrode 9. An 
auxiliary electrode 15 is provided which prevents the 
slag layer 12 from solidifying while the exchange of 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

electrodes 9 is effected by passing the current through . 

4 
the auxiliary electrode 15. The auxiliary electrode 
comprises a plurality of rods 15' which are mounted in 
a support ring 16. The lower ends of the rods 15’ also 
extend into the liquid slag layer 12. A line 18 leads 
from the positive pole of the rectified direct current to 
one contact of a switch 17, whereas a line 19 leads from 
the negative pole of the rectified direct current to the 
other contact of the switch 17. The auxiliary electrode 
15 can thus be connected either to the posivite or nega 
tive pole of the recti?ed direct current by selectively 
adjusting the switch 17. Therefore, if, for example, the 
auxiliary pole 15 is connected with the positive pole of 
the recti?ed direct current (see FIGS. 1 and ,2), the lat 
ter will have positive pulsating voltages with ‘respect to 
the base plate 10 and the electrode 9. Consequently, 
the base plate 10 as well as the electrode 9 only have 
negative potentials with respect to the auxiliary elec 
trode 15. The significance of this is that the auxiliary 
electrode 15 represents the anode of the electrolyte 
bath which is constituted by the‘ liquid electric slag in 
which there are present negatively charged ions, such 
as, for example, oxygen ions, which separateout. On 
the other hand, if the switch vl7 assumes the position 
indicated by the broken line in FIG.I~ (and thus the mix 
iliary electrode 15 is connected to the negative pole of 
the rectified direct current) the auxiliary electrode 15 
represents the cathode and there are present in the 
electrolytic bath (that is theliquid slag layer 12) posi 
tively charged ions, such as, for example, metal ions 
which are separated out._lt is therefore possible to deci 
sively influence the metallurgical reaction by means of 
the auxiliary electrode 15. Thus, the undesirable impu 
rities, such as the'so-called “steel-impurities” can be 
separated out at the auxiliary electrode 15 and the 
transfer of certain substances present in the metal ingot 
into the slag layer can be avoided. 
Referring now speci?cally to the embodiment illus 

trated in FIG.4, there is shown a normal three-phase 
power supply of normal frequency, for example, 50 cy 
cles, which has the usual main power lines R, S, T. A 

‘three-phase current transformer 21 transforms the 
power supply current into a current having a substan 
tially lower voltage and the neutral point lead 23. Ei 
ther three or six leads 22 (depending on the construc 
tion of the device) conduct the current from the sec 
ondary of the transformer 21 to the set of thyristors 24. 
The three-phase, respectively six-phase,current is con 
verted by the set of thyristors into a uni-phase current, 
the direction of which periodically changes. An elec 
tronic or mechanical control means 25lare connected 
to the set of thyristors 24 and are adapted to adjust the . 
relationship of the times T1, T2 during which the cur-. 
rent flows in a positive, respectively negative direction, 
as well as to adjust the basic frequency (f). A line 26 
leads from the set of thyristors 24 to the self-consuming 
electrode 28, and a second line 28 leads from the set 
of thyristors to the base plate 29 which is preferably 
made of copper. The electrode 28 which consists of to 
be molten down steel is concentrically mounted in a 
water-cooled mold 30 and extends with its lower end 
into the liquid slag layer 31 which forms on top of the 
molten metal layer 32. The solidi?ed metal 33' comes 
to rest on'the base plate 29. The voltage U, which the 
electrode 28 has relative to the solidified metal 33,‘ var- ' 
ies in accordance with the time period t as indicated in ~ 
the graph .of FIG. 3. 



improved metallurgical properties by electroslag re 
melting a consumable metallic electrode, said process 
being also characterized by an improved fusing rate, 
comprising the steps of 
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In contradistinction to the known electro-slag 
remelting operations, the process of this invention 
achieves the optimum operating conditions for all types 
of electro-slag-remelting processes insofar as the fusing 
rate and the metallurgical properties of the formed 5 
metal ingot are concerned. The construction costs for 
the apparatus of the invention are relatively low. A fur 
ther advantage resides in the fact that the apparatus of 
the invention may be powered with three-phase current 
of ordinary frequency; all three phases of the power 
supply current are completely symmetrically loaded. 
Furthermore, the significantly higher output factor cos 
<1) is attained with the apparatus of the invention which 
is a significant advantage when compared to the appa 
ratuses operating with ordinary alternating current or 
three-phase current. This output factor is arrived at by 
virtue of the fact that the self-consuming electrode is 
connected to a uni-phase current, in which the induc 
tive voltage drop is relatively very small when basic fre 
quencies are used in the circuit, for example, 5 — 10 
cycles, which are significantly smaller than the normal 
circuit frequencies. 

20 

What is claimed is: 
l. A process for producing re?ned metallic ingots of 

25 

converting an alternating poly-phase power supply 
current into a uni-phase current,,the direction of 30 
which periodically changes and the basic frequency 
(f) of which is substantially different from the fre 
quency of said power supply current, and conduct 
ing said converted current to said metallic elec 
trode and thereby remelting said electrode. 

2. The process for electro-slag-remelting as set forth 
35 

in claim 1, wherein said converted current flows in one 
direction during a period T,, and in an other direction 
during a period T2, said electrode forming respectively 
during said periods the positive and the negative pole 
in an electric circuit; and selectively adjusting said 
basic frequency (f). 4 

3. The process for electro-slag-remelting as set forth 
in'claim l, in which the basic frequency (f) is in the 
range of 5-10 cycles and is substantially below the fre 
quency of said power supply current. 

45 

4. The process for electro-slag-remelting as set forth 
in claim 2, wherein the relationship of the periods TI 
and T2 is different than 1. 

5. An apparatus for electro-slag-remelting of metallic 50 
electrodes by means of a three - phase power supply 
current, comprising in combination, 

a consumable electrode; 
a base plate; 
a mold mounted on said base plate; 
a three-phase transformer operatively connected to 

said three-phase power supply current; 
converter means operatively connected to said trans 
former and having one line connected to said elec 
trode and an other line connected to said base 
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6 
plate; said convertor means converting said three 
phase power supply into uni-phase current having 
a basic frequency (f) which is substantially lower 
than the frequency of said power supply current 
and periodically changing the direction of said uni 
phase current. 

6. The apparatus for electro-slag-remelting of metal 
lic electrodes as set forth in claim 5, wherein said con 
vertor means comprising three selenium rectifiers each 
of which is respectively connected to a different phase 
of said three-phase power supply current, on the one 
hand, and to the neutral point of said three-phase 
power supply current, on the other hand, thereby con 
verting said three-phase current into a weakly pulsating 
direct current. 

7. The apparatus for electro-slag-remelting of metal 
lic electrodes as set forth in claim 5, wherein said con 
vertor means comprise thyristor means which are oper-> 
atively connected to said selenium rectifiers and which 
periodically change the direction of said direct current. 

8. The apparatus for electro-slag-remelting of metal 
lic electrodes as set forth in claim 7, including auxiliary 
electrode means mounted in said apparatus, said elec- ' 
trode and said auxiliary electrode means extending into 
said mold, 
and switch means having a pair of terminals which 
are respectively connected to the star point of said 
three-phase transformer and to the output lead of 
said transformer, 

and movable contact means connected to said auxil 

iary electrode means, said switch means being 
adapted to thus selectively connect the positive or 
the negative pole of said transformer to said auxil 
iary electrode means. 

9. The apparatus for electro-slag~remelting of metal 
lic electrodes as set forth in claim 5, including elec 
tronic control means for adjusting the operation 
thereof. 

10. The apparatus for electro-slag-remelting of me 
tallic electrodes as set forth in claim 9, wherein said 
electronic control means comprise a set of thyristors. 

11. A process for producing re?ned metallic ingots of 
improved metallurgical properties by electroslag re 
melting, said process being also characterized by an im 
proved fusing rate, comprising the steps of 
converting an alternating poly-phase power supply 
current of 50 to 60 cycles per second into a uni 
phase current of 5 to 10 cycles per second, and 
conducting said converted current to a metallic 
electrode immersed in a liquid layer of slag and 
thereby remelting said electrode. 

12. The apparatus for electro-slag-remelting of me 
tallic electrodes as set forth in claim 5, that a three or 
six phase thyristor group is connected to said three 
phase transformer, which convert the three phase cur 
rent into a uni-phase current, the direction of which 
changes periodically, said consumable electrode being 
connected to said thyristor group. 

* * * * * 


