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3,419,667 
ELECTRC FURNACE 

Alfred Walz, Emmendingen, Germany, assignor to Sud 
Chemie A.G., Munich, Germany 

Filed Mar. 22, 1967, Ser. No. 625,153 
Claims priority, application Germany, Mar. 25, 1966, 
W 41,224; June 1, 1966, W 41,713; June 10, 1966, 
W 41,774 

15 Claims. (Cl. 13-23) 

ABSTRACT OF THE DISCLOSURE 
An electric furnace for melting materials includes a 

pair of coaxially arranged symmetrical electrodes defining 
an annular space between them through which the mate 
rials to be melted are passed. To prevent sticking of the 
material in the sintering area the electrodes are main 
tained at a temperature above the sintering temperature 
of the material throughout their length of contact with 
the material. Where it is desired to form fibers and the 
like, the molten material may pass through diffuser 
nozzles supplied with heated air. If it is desired to form 
a common, flowing melt of material, the individual strings 
of molten material may be combined in a funnel-like 
Structure. 

SLkLSSSMSSSS 

The present invention relates to electric furnaces in 
general, and more particularly to an electric furnace 
which is especially suited for melting of glass, minerals 
and other materials by direct resistance heating. The 
present invention is an improvement over the electric 
furnace disclosed in my prior United States Patent No. 
3,230,291, granted Jan. 18, 1966. 
The electric furnace disclosed in the above mentioned 

patent consists essentially of coaxially arranged sym 
metrical tubes or electrodes, which tubes at their upper 
ends are connected to the terminals of an electric cur 
rent source and which tubes at their lower ends make 
conducting contact. An annular space is defined between 
the tubes through which the materials to be melted are 
passed. These materials are supplied to the upper end 
of the annular space and are steadily heated as they 
move downwardly between the tubes until they reach 
their melting temperature. Outlet openings are provided 
at the junction of the tubes for the molten material. 
One of the problems encountered in electric furnaces 

of the type described is the sticking of the material in 
the region where it has just reached the sintering tempera 
ture, where it may bake together to form larger particles. 
Consequently the homogeneous supplying of material in 
this area is impaired and the risk of obstruction is high. 

It is already known in the prior art to provide shield 
ing cylinders in this area of sintering temperature. How 
ever this not only requires additional space in an area 
where one must employ more of the expensive precious 
metals, but the shielded region presents difficulties with 
the transfer of heat. 
Moreover such electric furnaces may be used for the 

manufacture of fibers and threads by providing dis 
charge nozzles for the molten material which operate 
according to the diffuser principle. One difficulty which 
has been found for such installation is that the blast of 
air or other diffusing medium directs cold air in the blow 
ing nozzles and which hits the molten material, thereby 
raising its viscosity too high. Especially when the tem 
perature of the molten material when it leaves the furnace 
is not too high, this quenching of the jet of melt prior 
to the fiber formation leads to an undesirable action upon 
the process of fiber formation. 
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It may sometimes be desirable to use a furnace of 

this type for the formation of materials other than fibers 
or threads. Since a melting furnace generally has outlet 
nozzles in the annular space which are located certain 
distances from each other, generally with compressed air 
diffusers connected to them, difficulty is experienced in 
the production of small amounts of molten glass such as 
would be used for special purposes as photographic lens 
and the like. 

Accordingly it is an object of the present invention to 
provide a new and improved electric furnace which over 
comes the above difficulties. 
Yet another object of the present invention is to pro 

vide a new and improved electric furnace which minimizes 
difficulties created by sticking of the material in the 
sintering zone. 
Yet a further object of the present invention resides in 

the provision of an improved electric furnace of the type 
provided with diffuser nozzles wherein difficulties arising 
from the increase in viscosity of the molten metal when 
mixed with cold air of the blowing nozzles is minimized. 
Yet a further object of the present invention is the 

provision of an improved electric furnace of the type 
described wherein small amounts of molten material 
may be produced which are not fibrous in form. 

In accordance with these and other objects there is 
provided an improved electric furnace of the type having 
a direct, electrical resistance heating for materials which 
can be molten and which preferably have a high melting 
point. Such a furnace consists of vertically arranged tubes 
defining electrodes which preferably are concentric and 
symmetrical. The upper ends of the tubes are connected 
to a source of current, and the lower ends of the tubes 
make conducting contact. The annular space between the 
tubes accommodates the material to be molten. 

In accordance with one feature of the present inven 
tion, the inner tube is generally cylindrical, and the outer 
tube is defined by generally cylindrical portions at its 
upper and lower ends interconnected by an intermediate 
funnel-shaped portion so that the temperature of the 
inner tube along the region at which it makes contact with 
the material to be molten is equal to or higher than the 
melting temperature of the material and that the tem 
perature of the external tube in all of the region where it 
makes contact with the material to be molten is higher 
than the sintering temperature of the material, and in the 
regions of the outlet nozzles defined at the juncture of the 
tubes the molten material will reach at least the melting 
temperature. Additionally it has been found that the pro 
vision of an annular hopper concentric with the tubes and 
having an annular conical discharge intermediate the tubes 
narrower than the space between the tubes will produce a 
void beneath the hopper discharge. The temperature gradi 
ent along this void will be such that the tubes where they 
are engaged at the lower end of the cone of material are 
above the sintering temperature of the material and the 
hopper is below the sintering temperature of the material 
to be molten. 

In accordance with another feature of the present in 
vention, the air or fluid supplied to the diffuser nozzles 
first passes through one of the tubes for cooling the upper 
portion of the furnace, and thereafter the heated air is 
supplied to the diffuser nozzles. Thus the heated air does 
not adversely affect the viscosity of the molten material 
passing therethrough. 

In accordance with yet another feature of the present 
invention, the nozzles formed at the juncture of the inner 
and outer tubes are of a relatively large diameter and run 
out into a collecting funnel which is located underneath 
the furnace, the streams of molten material being com 
bined in the collecting funnel so as to form one common, 
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flowing melt which then may be processed further in any 
known manner. 

For a better understanding of the present invention 
reference may be had to the accompanying drawings 
wherein: 

FIG. 1 is a central vertical section through an electric 
furnace which embodies one form of the invention; 

FIG. 2 is a central vertical section through an electric 
furnace which embodies another form of the invention; 

FIG. 3 is a central vertical section through the lower 
part of a modified furnace; and 

FIG. 4 is a central vertical section through the lower 
part of yet another modified form of furnace. 

Referring now to the drawings, and particularly to FIG. 
1 thereof, there is provided an electric melting furnace 
formed essentially of two concentrical, vertical tubes from 
a noble metal of a high melting point, such as platinum 
or a platinum alloy. More specifically there is provided 
an essentially cylindrical internal tube 11 defining an inner 
electrode and an external tube 12 defining an outer elec 
trode, which at its upper and lower end is formed of cylin 
drical sections of different diameters, and which external 
tube 12 has a funnel-shaped portion in its intermediate 
region tapering off from top to bottom. The upper edge 
of the external tube 12 is formed by an outwardly extend 
ing flange 13. At their lower edges the two tubes 11, 12 
are conductingly connected to each other and are equipped 
with a crown of outlet nozzles 14 for the discharge of 
molten material. The internal tube 11 and the external 
tube 12 are each attached to respective supporting devices 
by which they are maintained coaxially. 
The supporting device of the external tube 12 is a ring 

15 with an internal face which tapers off conically inward 
ly and downwardly and which is equipped at its lower 
edge with an outwardly extending flange 16 with bores at 
its circumference to receive a plurality of attachment 
screws 17. The screws 17 pass through the corresponding 
holes in the flange 13 of the external tube 12 and are 
screwed into the corresponding, threaded holes of a thrust 
collar 18. In this way the external tube 12 is rigidly con 
nected with the ring 15 forming a good electrical contact. 
The upper, cylindrical section of the ring 15 is surrounded 
by a clamp collar 19 to which is connected an electrical 
lead 20. The lower internal diameter of the conical ring 
15 is smaller than the internal diameter of the external 
tube 12, so that the lower edge 21 of the ring 15 protrudes 
beyond the annular space defined between the two tubes 
11, 12. 
The supporting device of the internal tube 11 consists 

of an internally conical screw collar ring 22, the internal 
diameter of which tapers off upwardly from the outer 
diameter of the internal tube 11; it is filled in by the inter 
nal tube 11, which in this region is equipped with a slit 23. 
The internal tube itself is filled with a tapered shank 24 
which has the same slope as the collar ring 22. A threaded 
end 25 of the shank 24 protrudes above and beyond the 
screw collar ring 22, and by aid of a tightening nut 26 
is braced against the collar ring 22. This clamping pro 
duces both a thermally and an electrically good transition 
from the internal tube 11 to the supporting device. Cool 
ing tubes 27 pass through the tapered shank 24 and a cool 
ing medium is directed therethrough. A clamp collar 28, 
to which a second electrical lead 29 is connected, Sur 
rounds the uppermost, cylindrical end of the tapered 
shank 24. Here too a lower edge 30 of the screw collar 
ring 22 protrudes beyond the annular space between the 
two melting tubes 11 and 12, and is at the same height 
with the lower edge 21 of the ring 15. 
An annular funnel-shaped hopper 31 is formed between 

the rings 22 and 15 concentric with the tubes 11 and 12 
and having an annular discharge 33 intermediate the rings 
11 and 12 and narrower than the space between them and 
into which material 32 to be molten is poured. 
A heat insulating layer Surrounds the outer tube and 

prevents excessive thermal losses. 
From the lower funnel discharge 33 the material to 
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4. 
be molten drops in the shape of a freely standing cone 
32a of poured material between the tubes 11 and 12, til 
the goods at the base of this cone make contact with the 
tubes. 
The cross section through the material between the 

tubes 11, 12, through which a current flows, is dimensioned 
so that the temperature of the internal tube 11, where it 
makes contact with the material to be molten, is higher 
than the melting temperature of such material. Preferably 
the section close to the uppermost contact point at the 
base of the cone 32a of poured material has the highest 
temperature. This simply means that the material to be 
molten is present as a melt and in this way make contact 
with the total surface of the internal tube 11. The best 
possible heat transfer to the material is created; thus the 
best thermal yield is obtained from the energy trans 
formed in the internal tube 11. Furthermore the temper 
ature regulation is very easy, the melt from the inlet to the 
outlet nozzles 14 passes over a long enough path as a 
melt so that it will become degassed and fined. 
At the outer cylinder however, the thermal balance 

shows different values, so that only the lower section 
which surrounds closely the outlet nozzles will reach the 
melting temperature of the batch to be molten. The tem 
perature upwardly drops but at the base of the cone 32a 
it is still above the sintering temperature of the material 
to be molten. In this way the losses due to radiation 
towards the outside and the material to be employed for 
heat insulation remain within tolerable limits, and at the 
same time one prevents the batch sintering in the annular 
space between the tubes into the shape of large lumps, 
which would stop the flow of material and cause a ruina 
tion of the furnace, or at least a stoppage thereof. 
On the other hand it is necessary to maintain the tem 

perature of the melting tubes from noble metals so low 
at the spots where they are clamped into the Supporting 
parts from an ignoble metal, like a CrNi-steel, that no 
alloying will occur between these two classes of metals. 
This temperature, as a rule, will be below the sintering 
temperature of the material to be molten. One can bring 
this about by directing water, steam or other fluid against 
the tapered shank 24. 

In this way the material to be melted will leave the 
hopper 31 when still granular and the range of tempera 
tures at which these materials could become sintered is 
located in the cone 32a of poured material which stands 
free so that no flow of material will become interrupted. 
With a PtRh alloy with about 80% Pt and 20% Rh 

the temperature at the outlet nozzles 14 is in the range 
of 1400° C. to 1500° C. The hottest spot of the internal 
cylinder lies close to the base of the cone of poured 
material and is about 1600° C. The critical temperature 
at which the noble metal becomes alloyed with the ignoble 
metal of the supporting device will be about 600 C. 
Therefore one must bring about forcefully inside the in 
ternal tube 11 a temperature drop of about 1000 C. in 
the region of the freely standing cone 32a of poured ma 
terial. The conditions for the handling of the outer tube 
are not so complicated. On the other hand the internal 
tube must be protected against overheating and melting, 
and if desired a thermocouple transmitter (not drawn) 
may be used at the hottest point of the internal tube, 
which switches off the installation as soon as the maximum 
permissible temperature is overstepped, i.e. approximately 
1700° C. 
The heat which flows from the supporting device goes 

automatically upwardly and will then become exploited 
for the preheating of the material in the funnel tube (not 
shown), and this too is a feature beneficial for the overall 
performance of the melting furnace. 
As previously described, the melting furinace 38 con 

sists essentially of two concentrical, vertical tubes 11, 12 
from a noble metal of a high melting point, preferably 
Pt or a Pt alloy. The two tubes 11, 12 at their lower ends 
are connected with each other in an electrically con 
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ducting manner, and are equipped with a crown of outlet 
nozzles 14 for the molten goods. The internal tube 11 
and the external tube 12 at their upper ends are each 
attached to a supporting device in the manner heretofore 
described and in this way are kept coaxial. The supporting 
device of the external tube includes the ring 15 around 
which a thrust collar 19 is placed. An electric lead 20 
is secured to the thrust collar 19. The supporting device 
of the internal tube 11 includes a conical bolt or tapered 
shank 39 which functions in the same manner as the 
tapered shank 24 described in the embodiment of FIG. 1. 
At the upper end of the conical bolt 39 is the clamping 
ring 28 which provides the connection for the second 
electric lead 29. The conical bolt 24 along its jacket sur 
face is equipped with an helical cooling channel 42, which 
at its upper end is connected with the supply tube 27 for 
the coolant, and at its lower end is connected with a 
discharge tube 43 for the coolant. The external tube 12 
from a noble metal along its full length is equipped with 
the insulation jacket 31. 
The removal tube 43 for the coolant is guided concen 

trically inside the internal tube to the lower end thereof 
and protrudes below beyond the opening of the internal 
tube 11, so that it may support an annular diffuser dis 
charge nozzle 44. This discharge nozzle 44 consists of 
the internal body 45 with rotation symmetry, which is 
attached at the lower end of the discharge tube 43, and 
which has the shape of an urn, with a rounded-off, upper 
edge covered by a lid or plate 46. Between the edge of 
the urn structure and the lid 46 is defined an annular slot 
47 for the removal of the heated cooling gas. The inside 
of the internal body 45 of the discharge nozzle is con 
nected to the inside of the removal tube 43 by a plurality 
of holes 48 in the tube wall. 
The external body of the discharge nozzle 44 is made 

up of a cylindrical annular sheath 49 which surrounds the 
internal body 45 in spaced relation. A jacketing 50 is 
located beyond and above the upper edge of the sheath 
49 to define an annular slot 51. If the external supporting 
ring 15 is equipped with cooling channels, then this air 
too, which became preheated in this external supporting 
device, may be directed to the diffuser discharge 
nozzle 44. 
By means of the airflow through the ring-shaped (an 

nular) slots 47 and 51 into the annular jet slot, the molten 
material is first sucked in in the form of filaments and 
then, by means of turbulence, is separated into many indi 
vidual filaments of very small diameter. By means of the 
unique enlargement of the diffusor, and after the specific 
disintegration into filaments, the flow velocity is consider 
ably diminished thereby improving the efficiency of the 
areodynamic effect. 

In the embodiment of FIG. 3, the discharge (removal) 
tube 43 for the coolant, which runs concentrically inside 
the internal tube 11 of a melting furnace, is closed by a 
plate 61 at its lower end which protrudes beyond the lower 
opening of the internal tube. Bores 62 are located in the 
cylinder wall of the discharge tube 43 at approximately 
the height of the outlet openings 14. The heated cooling 
gas is blown from the bores 62 against the streaming 
threads of melt, so that they are propelled outwardly in 
the shape of beads or little spheres. 

In the embodiment of FIG. 4, there is provided a modi 
fied form of electric melting furnace adapted to provide 
a continuous flow of molten material. As therein illus 
trated, an improved melting furnace consists essentially 
of the two concentric, vertical tubes 11", 12' which are 
similar to the tubes 11, 12 heretofore described except as 
to the manner of jointer at their lower ends. At their lower 
edges the two tubes 11", 12' are connected to each other 
in an electrically conducting manner, as by a ring or rim 
65 provided with a plurality of outlet openings 14 for 
the molten goods. 
The supporting of the internal tube 11’ and of the ex 

ternal tube 12 and the manner of heating of the furnace 
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6 
occurs as previously described for the embodiments of 
FIGS. 1, 2 and 3. 
According to the present invention, a collecting funnel 

66 is placed at the lower edge of the outer tube 12. This 
funnel 66 catches the melted streams which leave the out 
let openings 14, combines them and discharges them at its 
outlet 67 as a common flow of melt. The diameters of the 
outlet openings 14 thereby are dimensioned so that the 
melt runs out of the furnace solely under the action of 
gravity; there is no nozzle effect. For melts of ordinary 
glass a diameter of about 2 mm. and more was found 
suitable for the discharge openings 14. In order to bring 
about a good heat retention inside the funnel 66, it may 
be surrounded by a thermal insulation. 
The flow of melt which leaves the outlet 67 of the fun 

nel 66 may be passed into a processing machine, as this 
is commonly done. 

Although the present invention has been described in 
conjunction with preferred embodiments thereof, it is ob 
vious that numerous other embodiments may be devised 
by those skilled in the art. It is therefore intended in the 
appended claims to cover all such modifications as fall 
within the true spirit and scope of this invention. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. In a melting furnace of the type having direct electri 

cal resistance heating for melting material and formed by 
vertically arranged concentric tubes defining electrodes, 
the tubes making conducting contact at their lower ends 
and provided with discharge nozzles at their junction, an 
annular space being defined between the tubes to accom 
modate the material to be melted; the improvement where 
in the inner tube is generally cylindrical, and the outer 
tube is defined by generally cylindrical portions at its upper 
and lower ends interconnected by an intermediate funnel 
shaped portion so that the temperature of the internal tube 
along the full region at which it makes contact with the 
material to be melted is equal to or higher than the melting 
temperature of the material, and the temperature of the 
external tube in all of the region where it makes contact 
with the material to be melted is higher than the sintering 
temperature of the material, and in the region of the dis 
charge nozzles the material will reach at least the melting 
temperature. 

2. The improvement in a melting furnace as set forth 
in claim 1 wherein the temperature at the uppermost 
point of contact between the material to be melted and 
said tubes is higher than the temperature close to the dis 
charge nozzles. 

3. The improvement in a melting furnace as set forth 
in claim 1 wherein said tubes are formed of platinum or 
of a platinum alloy. 

4. The improvement in a melting furnace as set forth 
in claim 3 including support means supporting each of 
said tubes near their upper end and formed of ignoble 
(metal the temperature of said tubes at said support means 
being less than the temperature at which said ignoble 
metal would become alloyed with the metal of said tubes. 

5. The improvement in a melting furnace as set forth 
in claim 4 above wherein the support means for at least 
one of said tubes is provided with forced cooling means. 

6. In a melting furnace of the type having direct elec 
trical resistance heating for melting materials and formed 
by vertically arranged concentric tubes defining electrodes, 
the tubes making conducting contact at their lower ends 
and provided with discharge nozzles at their junction, an 
annular space being defined between the tubes to accom 
modate the material to be melted; 

the improvement including an annular hopper concen 
trically positioned vertically above said tubes and 
having an annular discharge intermediate said tubes 
and narrower than the space between said tubes so 
that a void is created between said hopper discharge 
and the upper side walls of said tubes. 

7. The improvement in a melting furnace as set forth 
in claim 6 wherein there is formed an annular cone of 
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poured material to be melted extending from said hopper 
discharge, said void providing an area in the side walls of 
said tubes having a temperature gradient such that the 
temperature of the tubes where they are engaged by the 
lower end of said cone is above the sintering temperature 
of said material and the temperature of said hopper is 
maintained below the sintering temperature of said mate 
rial. 

8. In a melting furnace of the type having direct elec 
trical resistance heating for melting material and formed 
by vertically arranged concentric tubes defining electrodes, 
the tubes making conducting contact at their lower ends 
and provided with discharge nozzles at their junction, an 
annular space being defined between the tubes to accom 
modate material to be melted; the improvement compris 
ing blast nozzles for directing a flow of fluid into the flow 
of molten material from said discharge nozzles, cooling 
means for the upper end of at least one of said tubes 
where it is supported, and a removal line from said cooling 
means extending through the inner one of said tubes and 
through the lower end thereof connected to said blast 
nozzles to serve as a supply line for the blast air to said 
blast nozzles. 

9. The improvement in a melting furnace as set forth 
in claim 8 wherein said removal conduit protrudes below 
the discharge nozzles for the molten material in said fur 
nace and carries at its protruding end a hollow symmetrical 
hub provided with an annular slot, and an annular sheath 
around said hub defining a diffuser nozzle common to all 
the discharge nozzles. 

10. In a melting furnace of the type having direct elec 
trical resistance heating for melting materials and formed 
by vertically arranged concentric tubes defining electrodes, 
the tubes making conducting contact at their lower ends 
and provided with discharge nozzles at their junction, an 
annular space being defined between the tubes to accom 
modate the material to be melted; the improvement de 
fining a blast nozzle below said discharge nozzles for di 
recting a flow of fluid into the outflow of molten material 
from said outflow nozzles, means for providing blast fluid 
to said blast nozzle, a hollow symmetrical hub being pro 
vided with an annular slot, and an annular sheath encir 
cling said hub to form a diffuser nozzle which is common 
to all the furance discharge nozzles. 

11. In a melting furnace as set forth in claim 10 in 
cluding means for directing preheated air into said blast 
nozzle. 

12. In a mixing furnace of the type having direct, elec 
trical resistance heating for melting materials and formed 
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8 
by vertically arranged concentric tubes defining electrodes, 
the tubes making conducting contact at the lower ends and 
provided with discharge nozzles at their junction, an an 
nular space being defined between the tubes to accommo 
date the material to be melted; the improvement including 
a blast nozxzle for directing a flow of fluid into the outflow 
of molten material from said discharge nozzles, said blast 
nozzles including a removal line extending through the 
inner one of said tubes and protruding below the outflow 
nozzles of the melting furnace, said removal line being 
closed at its bottom end and provided with a plurality of 
bores spaced across the periphery of its cylindrical wall 
and located at approximately the height of said discharge 
nozzles. 

13. In a melting furnace of the type having direct elec 
trical resistance heating for melting material and formed 
by vertically arranged concentric tubes defining electrodes, 
the tubes making conducting contact at their lower ends 
and provided with discharge nozzles at their junction, an 
annular space being defined between the tubes to accom 
modate the material to be melted; the improvement com 
prising a collecting funnel placed underneath the furnace 
in the path of the flow from said discharge nozzles, said 
discharge nozzles having a cross sectional area sufficient 
to permit gravity flow of molten material therethrough. 

14. The improvement in a melting furnace as claimed 
in claim 13 wherein the upper edge of said collecting 
funnel is connected to the lower edge of the outermost 
one of said tubes. 

15. The improvement in a melting furnace as claimed 
in claim 13 wherein each of said discharge nozzles have a 
diameter of at least 2 mm. 
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