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This invention relates to electric shaft fur 
naces, especially to electric shaft furnaces adapt 
ed for direct resistarce heating, by passing an 
electric current through the furnace charge, and 
intended mainly for the recovery of volatile 
metal and more particularly magnesium, by dis 
tilting it out from mixtures of the metal with 

O 
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non-volatile concontants, and for the refining 
of crude metals by distillation, but also for other 
purposes, for instance for the reduction of con 
pounds of the metal concerned at temperatures 
above its boiling point. 
An object of the invention is to enable vaporiz 

ing of the material under treatment to be car 
red out in an uninterrupted run with the gen 
eration of pure vapor, even when the furnace 

t of a nature to give rise to the formation 
d 

Another object of the invention is to provide 
a refining, by filtration, of the vapor leaving the 
furnace. 
A further object is to provide electrodes so 

formed that the charge is uniformly heated and 
thus to prevent overheating of the charge. 
A further object is to prevent setting up of 

strains in the constructional parts of the furnace 
in consequence of unequal expansion, and thus 
to avoid the formation of leaks in the shaft wall. 
A still further object is to ensure an intimate 

contact between the elements through which the 
Current is fed to the electrodes. 
Other objects and advantages will appear as 

the description proceeds. 
When the distation chamber in the form of 

a shaft is connected with the condenser by a 
directly branched of pipe, for constructional rea 
sons the connecting conduit must be of small 
internal cross-sectional area. Consequently, 
when material is treated which tends to form 
dust, the dificulty arises that the disengaged 
vapors, which leave the shaft at relatively high 
velocity, carry over with them dusty constitu 
ents of the charge which deteriorate the quality, 
of the condensate or even prevent altogether the 

as formation of a liquid deposit that will set to 
Compact neta ... 
In electric furnaces for the distillation of 

sinciferous material it is already known to pro 
vide rows of discharge apertures at the distilla 

so tion zone, and to enclose each of these rows in 
a separate collecting chamber which is in con 
munication with the condenser. In this manner 
the velocity of the escaping vapors is, however, 
not reduced to the extent that is required for 

SS ensuring that the carrying over of dust be re 
- 

(C. 13-2S) 
liably prevented. If in accordance with the pres 
ent invention the discharge apertures open into 
a common chamber surrounding the shaft, from 
which chamber the connecting pipe to the con 
denser branches off, the possibility is given to 
arrange series of discharge apertures immedi 
ately adjacent to one another whereby the total 
cross-sectional area of all the discharge aper 
tures become so great that there is no danger 
of the vapors becoming contaminated. More 
over, by the arrangement of a common chamber 
there is also prevented cooling off of the vapors 
on their way to the condenser. 

Preferably the apertures for the distillation 
products are separated from one another by webs 
in the form of plate-like elements, arranged in 
the manner of Venetian blinds, sloping upwards 
towards the outside wall of the shaft. In this 
manner there is effected a refining of the escap 
ing vapors and gases, by filtration, since these 
latter are constrained to pass through the ma 
terial which becomes heaped up at a natural 
slope within the apertures of the shaft walls; 
since this material gradually slides of the in 
clined plate-like elements or louver boards, and 
is therefore constantly, though very slowly, re 
newed the effectiveness of the filtering action is 
kept up undiminished as long as the furnace is 
in operation. 

If the furnace is to be a direct resistance fur 
nace through which the charge travels in the 
form of a moving column, the electrodes, which 
are arranged in a known manner at different 
levels in the shaft, consist in accordance with 
the invention of a frame having the same in 
ternal width as the shaft, and of one or several 
bars traversing the frame. The bars may be 
so disposed that they divide up the area en 
closed by the frame into figures of equal or 
approximately equal area, which may have the 
shape for example of squares, polygons, or circles, 
whereby the result is achieved that the electric 
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current traverses the charge travelling between 
the electrodes, at uniform density, and thus heats 
the charge uniformly. Overheating of the ma 
terial, which could lead to vaporization of in 
purities, can thus easily be avoided. This result 
can not be achieved with the known electrodes 
of annular form or of the form of a star after 
the manner of the spokes of a wheel, since the 
current density varies greatly in the Zones of 
the charge lying between the electrodes. 

It is a matter of great importance that the 
shaft walls be perfectly vapor-tight, since other 
wise magnesium vapors would penetrate into the 
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cold insulation layer surrounding the shaft, and 
become deposited on the outside metal jacket. 
When the shaft is bricked up in the usual man 
ner it is impossible, in view of the difference 
of expansion between the ceramic material and 
the metal casing, to prevent the formation of 
fissures and cracks in the shaft walls. In ac 
cordance with the invention the shaft as a whole 
is gripped top and bottom by means of com 
pressed springs which effect a firmer holding 
together of the ceramic material and compensate 
longitudinai expansion, so that the formation of 
leaks is precluded. On the other hand provision 
must be made to prevent the gas discharge pipe 
from becoming Subjected to bending strain by 
the expansion and contraction of the shaft walls. 
For this purpose in accordance with the inven 
tion that intermediate part of the shaft from 
which this pipe is branched off is firmly an 
chored, for instance rigidly connected with the 
metal jacket. 

This arrangement at the same time very ef 
fectively secures maintenance of an intimate con 
tact between the elements through which the 
current is fed to the electrodes and the electrodes 
themselves. Since the current leads must Con 
sist of metal, the coefficient of expansion of which 
is different from that of the electrode material 
(graphite, carbon blocks) perfect and permanent 
fitting together of the two materials at the con 
tacting surfaces must be ensured, since otherwise 
the connection would become loose on heating 
and cooling off, which would lead to the forma 
tion of small arcs between the metal and the 
electrode and to further deterioration of contact 
through burning of the material. In accordance 
With the invention the current leads consist of 
plates of large bearing area, and preferably of 
annular discs of the same dimensions as the 
electrode frames themselves, which plates or 
discs bear against one or both front walls of 
the electrode frames, and are pressed against 
these latter by the force of the springs gripping 
the shaft. - 
When the working temperatures are relatively 

low, or are kept appropriately low by the em 
ployment of a suitably high vacuum, the col 
lecting chamber surrounding the basket-like 
apertured section of the shaft can be enclosed 
by a metal jacket which, by virtue of its elas 
ticity, can yield to the alterations in length, even 
when rigidly connected to the shaft. On the 
other hand if the working temperature reaches 
such a height that only refractory materials can 
be used, and if the highly heated shaft were 
rigidly connected to the far less heated shaft 
jacket, harmful strains would be set up in the 
structure of these parts in consequence of un 
equal expansion. 
According to a further development of the 

invention the occurrence of such strains is 
avoided by movably guiding the shaft in the 
jacket made from refractory material. The 
jacket is preferably gripped by means of Com 
pressed springs, as described above for the shaft 
itself, in order to hold the ceramic material more 
firmly together. In order not to load the body 
of the shaft with the weight of the jacket this 
latter is preferably arranged to rest upon a sup 
port the foundation of which is independent of 
the furnace shaft. 
A further modification which the Shaft fur 

nace according to the invention must undergo 
when the distillation is carried out at tempera 
tures which metallic materials will not with 

2,161,916 
stand, relates to the arrangement of the elec 
trodes. In order to prevent high temperatures 
being brought to bear on the metallic current 
leads these latter are disposed in non-heated 
zones above and below the distillation Zone, and 
connected with the electrode frames laid in the 
hot zone, by means of carbon or graphite cylin 
ders the inner wall of which is lined with re 
fractory and electrically insulating material. 
These carbon cylinders are kept in engagement 
with the electrode frames and the metallic Cur 
rent leads by the weight of the shaft walls and 
by the action of the springs with which these 
walls are stressed, so that no electric arc forma 
tion can occur in consequence of imperfect Con 
tact between the elements of the current con 
ducting means employed. 
Two forms of construction of the shaft fur 

nace according to the invention are shown, by 
way of example, in the accompanying drawings, 
in which: 

Fig. 1 is a longitudinal sectional view of a 
Shaft furnace; 

Fig. 2, a cross-section on the line II-II, Fig. 
1; Fig. 3 a cross-section on the line III-III, 
Fig. 1: Figs. 4, 5 and 6 are plan views of three 
modified forms of construction of electrodes; Fig. 
7 is a vertical sectional view of a modification 
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of a shaft furnace according to this invention; 
Fig. 8 a cross-section on the line VIII-VIII, 
Fig. 7; and Fig. 9 a cross-section on the line 
X-IX, Fig. 7. 
Like reference characters denote like parts in 

the several figures of the drawings. 
Referring to Figs. 1 to 3, the shaft through 

which the charge, preferably in the form of 
granulated material of a grain size between about 
A of an inch to 1 inch, travels as a moving 
column, is provided in its middle portion with 
two basket-like apertured zones which are built 
up of solid bricks f and plate-like elements 2 
in the form of sections of a hollow cone. The 
plates 2 are anchored to the solid bricks, for 
example in such manner that the edges of the 
plates engage in grooves in the solid bricks (see 
Fig. 3). These basket-like apertured zones of 
the shaft are encased by closely fitting metal 
jackets 3, 4. The jacket 4, the lower side wall 
of which is secured to the wall of the shaft, is 
connected to a discharge pipe 5, and communi 
cates with the space enclosed by the jacket 3 
through a conduit 6. 
The electrodes disposed at different levels Con 

sist, according to Figs. 1 and 2, of rings and 
a grating or lattice-work of parallel bars 8 hav 
ing their ends inserted in the rings. The ar 
rangement adopted is preferably Such that the 
bars of consecutive electrodes are displaced 90° 
relatively to each other (Fig. 1). Instead of 
several bars 8 one bar inserted in a ring may 
also be used as electrode (Fig. 4). The grating 
bars can aiso be so arranged that the areas 
therebetween have the shape of a regular figure, 
for example a square (Fig. 5) or a hexagon 
(Fig. 6). 
The current is fed to the electrodes consisting 

of graphite or carbon blocks, through annular 
metal discs 9 which bear against One plane Sur 
face of the electrode rings T. 
The shaft is bodily supported top and bottom 

against compressed springs to and respec 
tively. The springs 0, i? are compressed be-, 
tween two plates 32, 33 that rest on bolts 34, 35, 
the one 34 of which presses against the wall of 
the furnace shaft, whereas the other 35 being 
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provided with a screw thread is screwed into a 
wall of the casing 36 that houses the springs 
and plates and is secured to the metal jacket 
3 of the furnace. The degree of compression 

of the springs O and may be adjusted by 
means of the screw bolts 35. 
The section of the shaft carrying the discharge 

pipe 5 is rigidly connected with the metal jacket 
3. For the purpose of anchoring this section 

of the shaft, lugs 4 may for example be welded 
on to the metal jacket 4 of the collecting cham 
ber, which lugs bear against the metal casing 
3. In the constructional example shown in the 
drawings these lugs are formed at their outer 
ends to constitute holders for blocks f of elec 
trically insulating material which are fitted into 
holders' 6 on the metal jacket. Moreover, the 
discharge pipe 5 is also included in the system 
by which the lower section of the shaft is rigidly 
anchored to the metal jacket, by being Socketed 
into a short length of tube 7 of electrically in 
sulating material which is fitted in a holder 
connected with the metal jacket 
In the furnace shown by way of example in 

Figs. 7 to 9 the basket-like apertured zone of 
the shaft made similarly to the construction of 
Fig. 1, is surrounded by a walled jacket 9 which 
constitutes the collecting chamber for the vapors 
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escaping from the middle section of the shaft, 
and which is connected to the condenser by 
means of a pipe 20. The masonry of the jacket 
rests upon brackets 2 and is loaded by springs 
22 which are supported against brackets 23 in 
a manner similar to that described in connec 
tion with Fig. 1. Since the masonry jacket 9 
is not rigidly connected with the shaft the por 
tions 24 and 25 of the wall of the shaft touch 
ing the jacket can slide against the inner Walls 
of the jacket, so that differences in the extent 
to which these two structural parts expand and 
contract longitudinally can thus be compensated. 
At the upper and lower ends of the section of 

the shaft enclosed by the jacket 9 there are pro 
vided the electrodes of graphite or carbon, con 
sisting of one or several parallel bars 26 the ends 
of which are inserted in rings 27. The electrode 
rings are connected to annular current leads 29 of 
metal by means of suitably long carbon or graph 
ite cylinders 28 which are lined with refractory 
and electrically insulating material 3 (Fig. 8). 
Under the pressure exerted by the weight of the 
masonry and the force of the springs 30 loading 
the masonry in a similar manner as the springs 
f0 according to Fig. 1, the metal discs 29, the 
cylinders 28, and the electrode frames 2 are 
powerfully pressed together, so that at the joints 
between these elements no gaps can become 
formed which would give rise to the generating 
of electric arcs. For this purpose the insulat 
ing cylinders 3 are shorter than the carbon 
or graphite cylinders 28. In consequence of 
the interposition of the cylindrical distance pieces 
28 between the electrodes 2 and the metal 
rings 29 the current connection is placed in the 

5 pre-heating zone above the distillation zone and 
in the cooling off zone below the distiliation zone, 
where the shaft walls do not become heated to 
such high temperatures as to preclude the use 
of metallic current leads. 8 
According to the provisions of the patent stat 

utes, I have explained the principle and con 
struction of my invention and have illustrated 
and described what I now consider to represent its 
best embodiment. However, I desire to have it 
understood that, within the scope of the append 

3 
ed claims, the invention may be practised other 
wise than as specifically illustrated and described. 

I claim: 
1. Electric shaft furnace comprising a shaft 

provided at the distillation zone with series of 
individual apertures discharging the distillation 
products in the form of vapor, and a common 
chamber surrounding the shaft in which the dis 
tillation products pass through the apertures, 
which chamber opens into a condenser, and 
Springs acting upon the top and bottom of said 
shaft to apply longitudinal compression forces 
thereto. 

2. Electric shaft furnace comprising a shaft 
provided at the distillation zone with series of 
individual apertures discharging the distillation 
products in the form of vapor, and a common 
chamber Surrounding the shaft in which the dis 
tillation products pass through the apertures, and 
opening through a firmly anchored discharge pipe 
into a condenser, the shaft being rigidly con 
nected with said discharge pipe, and springs act 
ing upon the top and bottom of said shaft to apply 
longitudinal compression forces thereto. 

3. Electric shaft furnace comprising a metal 
jacket encasing the furnace, a shaft provided at 
the distillation zone with series of individual 
apertures discharging the distillation products in 
the form of vapor, and a common chamber sur 
rounding the shaft in which the distillation prod 
ucts pass through the apertures, and opening into 
a condenser through a discharge pipe firmly an 
chored to said metal jacket, the shaft being rig 
idly connected with said discharge pipe, and 
springs acting upon the top and bottom of said 
shaft to apply longitudinal compression forces 
thereto. 

4. Electric shaft furnace comprising a shaft 
provided at the distillation zone with series of 
individual apertures discharging the distillation 
products in the form of vapor, and a common 
chamber Surrounding the shaft in which the 
distillation products pass through the apertures, 
which chamber is provided with a conduit lead 
ing to a condenser, the Outer wall of Said cham 
ber being formed by a jacket of refractory ma 
terial resting on a support independent of the 
said jacket and pressed against the same by 
means of compressed Springs, the shaft being 
movably guided in the said jacket. 

5. Electric shaft furnace comprising a shaft 
provided at the distillation zone with series of 
individual apertures discharging the distillation 
products in the form of vapor, and a common 
chamber Surrounding the shaft in which the dis 
tillation products pass through the apertures, 
which chamber is provided with a conduit lead 
ing to a condenser, the outer waii of said chamber 
being formed by a jacket of refractory material 
resting on a support and pressed against the same 
by means of compressed springs, the shaft being 
movably guided in the said jacket, and springs 
acting upon the top of the shaft to apply longi 
tudinal compression forces to the shaft. 

6. Electric shaft furnace comprising a shaft 
provided at the distillation Zone with series of 
individual apertures discharging the distillation 
products in the form of vapor, a common chamber 
surrounding the shaft in which the distillation 
products pass through the apertures, which cham 
ber opens into a condenser, and electrodes in the 
form of a grating with a frame of substantially 
the same inside diameter as the shaft of the fur 
nace and inserted at different levels in the wall 
of the shaft and adapted to serve as a building 
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element of the shaft supporting the portion of the 
shaft disposed above said frame, the bars of 
said grating dividing the area enclosed by the 
frame up into areas of approximately equal size. 

7. Electric shaft furnace comprising a shaft 
provided at the distillation zone with series of 
individual apertures discharging the distillation 
products in the form of vapor, and a common 
chamber surrounding the shaft in which the dis 
tillation products pass through the apertures, 
which chamber opens into a condenser, springs 
acting on said shaft to apply longitudinal com 
pression forces thereto, and electrodes arranged 
at different levels which consist of a frame of sub 
stantially the same inside diameter as the shaft 
of the furnace, and of at least one bar traversing 
the fame and having its ends anchored thereto, 
said frame being inserted in the wall of the 
shaft and adapted to serve as a building element 
of the shaft supporting the portion of the shaft 
disposed above said frame. 

8. Electric shaft furnace comprising a shaft 
provided at the distillation zone with series of 
individual apertures discharging the distillation 
products in the form of vapor, and a common 
chamber Surrounding the shaft in which the dis 
tillation products pass through the apertures, 
which chamber opens into a condenser, springs 
acting on said shaft to apply longitudinal com 
pression forces thereto, electrodes arranged at 
different levels which consist of a frame of sub 
stantially the same inside diameter as the shaft 
of the furnace and inserted in the wall of the 
shaft, and of at least one bar traversing the 
frame and having its ends anchored thereto, and 
electric conductive annular discs connected to 
the current supply and inserted between said 
frames and the wall of the shaft, the said frames 
and discs being adapted to serve as building ele 
ments of the shaft supporting the portion of the 
shaft disposed above the same. 

KONRAD ERDMANN. 
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