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' 1 Claim. ‘ (Cl. 13-20) 

The invention relates to'an annealing furnace, 
especially a crucible annealing furnace with elec 
trical resistance heating for maximum tempera 
tures. , ‘ 

Hitherto annealing furnaces have been known 
to have containers made from' carbon, serving as 

‘ heating elements and also as receptacles for the 
annealing charge. The Walls of this container 
were connected with the heating current circuit 
and could be heated by the heating current. 
These annealing furnaces have, however, cer~ 

tain disadvantages, especially with respect to 
the carbon crucibles, as, for instance, the danger 
of contamination of the melting charge, the 
danger of fracture of the crucible and, especially, 
the danger of reactions of the crucible, for in 
stance, with the hydrogen often present in the 
crucible space. ‘ 

Now it was found that annealing furnaces. may 
be constructed in a very simple manner without 
the above mentioned disadvantages if inside of a 
furnace made from or lined with refractory ox~ 
ides such as beryllium oxide, magnesium oxide, 
thorium oxide, zirconium oxide or aluminium 
oxide of high purity heat conductors made from 
molybdenum and/or tungsten are arranged en 
tirely free, i. e., in such manner that their radiant 
parts do not touch the walls so that they may 
freely radiate in the direction of the crucible or 
the passage tube containing the heating charge. 
The grade of purity of the refractory masses like 
alumina is preferably over 98%, preferably be 
tween 99% and 100%. Of the refractory oxides 
mentioned above, I‘ prefer to use magnesium 
oxide and especially aluminium oxide. - 
These furnaces according to my invention 

show a plurality of advantages. Owing to the 
electrical indifference of the type of insulation 
used to high temperatures and long stress, the 
heat conductors may be arranged in a particu 
larly simple manner. A further advantage is 
to be seen in the fact that undesired heat trans 
fer through the walls of the annealing cham 
ber does not occur and that the walls will be 
shielded from heat. Local overheatings were 
never observed. Moreover, the walls may be very 
thin and, if desired, made out of several layers. 
The heat conductors .will undergo a very uni 

form stress, especially with respect to thermal 
charges. They do not react with the material 
of the Walls, are easily attachable and replace 
able and may readily be watched. 
The furnaces according to my invention have 

the special advantage that they may be con 
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trolled in the most precise manner and be 55 

regulated to a constant temperature as the heat 
conductors possess only a relatively small ca 
pacity for heat. 

All parts of the furnace may easily be ar 
ranged in such manner that a compact unit 
will result. 

If the walls surrounding the heat conductors 
are made of several layers it is advisable to fill 
out the interspace's with granulated insulating 
material. ' 

It has proved expedient to arrange the heat 
conductors in such manner that they form a 
cage, encompassing a crucible or, for instance, 
a passage tube for the annealing charge. 

. Furthermore, considerable bene?ts may be 
gained from the fact that the heat conductors, 
especially if they are arranged parallel to the 
longitudinal axis of the heating chamber, may 
be kept in longitudinal tension, for instance, by 
means of springs adjustable in their tension, 
preferably arranged outside the annealing zones. 
The same may be effected by forming the heat 
conductors as helical springs which are elastic in 
longitudinal direction.' The longitudinal deflec 
tion property has the special advantage that 
the heat conductors may be completely re 
straightened if they are subjected to distortions, 
for instance, on account of the heat inside the 
annealing chamber. In consequence thereof, the 
uniformity of the radiation is always perfectly 
maintained. 

If necessary, the heat conductors, preferably 
made from'molybdenum and/or tungsten, are 
arranged in a known way in slots, expediently 
in longitudinal slots inside of the encasing Walls 
of the heat chamber. The slots are formed in 
such manner that the heat conductors are only 
encased to a minor degree so that they are able 
to radiate as strongly as possible. 
In furnaces with elliptical Walls it has proved 

advantageous to arrange the heat conductors so 
that a local effect of the radiations will be 
created. This is performed by grouping the 
heat conductors, for instance, at the focus of 
parabolic, ellipsoidal walls or the like. 

It was further observed that furnaces of spe 
cial suitability and high efficiency may be ob 
tained if a protecting gas (for instance hydro 
gen), inert gas or a mixture of nitrogen and hy 
drogen) are passed into the annealing area and 
again drawn off therefrom. Instead of a pro 
tecting gas vacuum may also be used.‘ When 
employing a protecting gas, the gas ?ow is pref 
erably conducted in such manner that the gas 
will ?ow completely around the heat conductors. 



The furnace according to my invention is 
preferably suitable for the heat treatment of 
all sorts of substances, especially metals. With 
this furnace it was for the ?rst time possible to 
fuse perfectly slow melting metals such as beryl 
lium, titanium, zirconium and the like, as well 
as metals which may be recovered only in a pul 
verulent state and which cannot be subjected 
to a high frequency heating. An addition of 
?uxes is thereby not necessary. ,. 

If desired, it is possible to equip the inner space 
of the furnace, for instance, between the crucible 
and the encasing heat conductors, with bus bars 
made from an refractory mass which direct the 
crucible centrally into the annealing zone and 
keep it there. The bars are expediently- made 
from the same refractory oxides which are used 

. for the furnace walls. 
The furnace may be completed without difli 

culty in such manner that it may be utilized in a 
known way, not only for the heating of an an 
nealing charge but also for the casting of a fused 
charge. This may be effected by superimposing 
a special container on the top side of the fur 
nace into which the crucible with the molten 
charge is passed whereafter the crucible is dis 
charged by tilting into a mould or the like. 
My invention maybe illustrated by the affixed 

I drawing. 

Fig. 1 shows a longitudinal section of an an 
nealing furnace with crucible. - 

Fig. 2 shows another type of the refractory 
walls surrounding the crucible. 

Fig. 3 is a type of a heat conductor. 
Fig. 4 shows another annealing furnace with 

a passage tube for passing'the annealing charge; 
- and . 

Fig. 5 shows a section of a special form of a_ 
wall made from a refractory mass and a special 
grouping of the heat conductors in the walls. 
The protective metal casing I is closed with 

the cover 2, supported and sealed by the ?anges 
of the casing I and tightly connected with it by 
means of bolts 3, 4 or the like. In the center 
‘of cover 2 is an aperture 5, preferably closed 
with a lid 6 which is tightly connected with 
?anges projecting from a collar of cover 2 by 
means of bolts ‘I, 8. The cover'6 is preferably 
equipped with sight-holes made of a transparent 
refractory substance in order to watch the inner 
part of the protective casing I and the annealing 
chamber. 
On the bottom of casing I there is a base 9 

on which the crucible I0 containing the anneal 
ing charge II rests freely. The crucible is sur 
rounded by walls I2 made from highly refractory 
oxides, for instance, sintered aluminium oxide 
with a degree .of purity of more than 99, 5%. 
The walls I2 are, for instance, cylindrically con 
structed and on the front surface turned towards 
cover 2 of casing I, equipped with an inwardly 
protruding circular ?ange I3. 
therewith the end of the wall I2, turned aside 
from the cover 2 and turned towards the bottom 
of the casing, is furnished with an inwardly pro 
truding circular ?ange I4. The ?anges form pas 
sages in to the annealing chamber. To support 
the cylinder made from a refractory mass, sup 
porting bodies, as for instance, a ring I5, made 
from the same material, are provided. This ring 
is supported on angle irons IE or the like which 
are ?xed in the inner walls of the casing I. 
On the side turned towards cover 2 the re-' 

' fractory cylinder body has a collar like projection 
I‘I ?xed onthe inner wall of?ange I3. The inner 
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2,294,034 
space or passage opening of collar I1 is indi 
cated at I8. 

Opposite the wall I2 and between it and cru 
cible ID the electrical heat conductors I9 are 
freely arranged. Where they pass through ?ange 
I3, the heat conductors have bulged out parts 29 
which are axially shiftable in the ?ange. By 
means of a ?ange 2I outside the ?ange I3 and 
supported against it the possibility of axial dis 
placement is restricted. 
A wire 22 runs from heat conductor I9 to a 

circular shaped collecting bar v23$, conducted 
through a sealed passage 24 from inside the con 
tainer to a connector block 25 outside'of it. The 
other terminal 26 is connected with a conductor > 

passage 21 into thev 28, guided through the sealed 
inner space of container I. The connection of 
collecting bar conductor 28 to one of the heating ' 

conductors is indicated at 29. 
At the end towards the conductor 29 the heat 

conductor I9 is preferably bulged out. The 
bulged out part passes through ?ange I4 of the 
insulating body I2 and is axially shiftable in it. 

. To this shiftable bulge 30 a helical spring or the 
like 3| is attached which tends to draw heat 
conductor I9 axially downwards. The spring 3| 
is ?xed on an adjusting rod, axially shiftable 
in bearing body- 33 and equipped with, for in 
stance, a female thread or the like which works 
together with a set screw 34 with operating head 
35. This regulating ‘screw is located below and 
outside of the container I, in order to be ad 

' justed manually. 
The casing l is supported on feet 35 which 

may be so high that an easy manual operation 
of the set screws 34, 35 is possible. 
The annealing space is indicated at 31. Arrows 

38 show the direction of the heat radiation, es 
pecially to the crucible. In cover 2 also a pipe 
socket 39 is provided through which a protecting 
gas, for instance, an inert gas‘ such as argon, 
may be conducted into ‘the casing area and the 
annealing chamber. 
In the modi?ed type according to Fig. 2, 40 and 

4| are two rings of highly refractory oxides be 
tween which concentric cylinders 42, 43, 44 and 
45, made also from highly refractory oxides, are 
arranged. Between the cylinders there are an 
nular spaces ?lled with air (46, 41, 48 and 49) 
whereby the space 49 lies between the outermost 
cylinder of insulating material 45 and the casing 
wall 59, turned towards the cylinder. 
Turned towards the annealing chamber oppo 

site the innermost refractory cylinder 42 there‘ 
are, for instance, heat conductors forming a cage 
5| with bulging out parts 52 and 53 at the re 
fractory rings. The crucible, encased within the 
heat conductors and cylinders made from in 
sulating materials, bears the number 54. 

Fig. 3 shows a heat conductor 55 with bulged 
out. ends 56 and 51 in an enlarged scale. ‘ 
According to the form of Fig. 4,’ 69 is a protec 

tive casing with connection socket GI and shut off 
valve 52, and a further connection socket 63 with 
shut off valve 64., The casing 60 is supported by‘ 
feet 65 and bears at its ends socket-like projec 
tions 66 and 61, lying diametrically opposite each 
other. Socket 66 ‘is equipped inside with a seal, 
expediently with a stuffing box 68. Stu?'ing box 
58 seals the line pipe 69, passing through casing 
60 and the annealing zone, at the passage point 
in the casing. The.arrows ‘II and ‘I2 show the 
direction of the inlet and outlet ?ow. 

Inside of casing 60 is, for instance, a cylin 
drical body ‘I3 made from highly refractory oxide 
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surrounding tube 69 in the annealing zone. 
Cylinder 13 is equipped at its ends with inwardly 
projecting ?anges l4, l5'which form a passage 
opening to the passage of tube 69. ' 
Between wall 73 and passage tube 69, the heat 

conductors ‘l6 and 77 are arranged parallel to 
the longitudinal axis of tube 69. An electric 
connecting guide between the heat conductors is 
indicated at 78. Further connecting rods for 
supply and discharge of the electric current are 
shown at 79 and 89, passing at 8! and 82 under 
seal through the wall of casing 60. 
The above mentioned pipe sockets 6i and 63 

serve for supply and discharge of the protective 
gas, the arrows indicating the direction of the 
now. 

In the type according to Fig. 5, is, for in 
stance, a cylindrical insulating body made from 
highly refractory oxide. This body is equipped 
with a longitudinal slot in the wall turned to 
wards the inner hollow interspace, which slot has 
a passage cleft an on the wall turned towards the 
interspace. The rodlilze heat conductor ‘38 which 
is ?xed in the slot may radiate through the 
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passage cleft into .the inner space of the insulat» 
ing body 85. 
My invention is not restricted to the particular 

arrangement of apparatus shown in the drawing 
and described above since that is given here 
merely by wayof illustration of my invention. 
What I claim is: 
Annealing furnace for high temperatures com 

prising walls forming a heating chamber, the 
inner surfaces of the walls of said chamber being 
composed of material containing at least 98% of 
at least one oxide of a substance selected from 
the group consisting of beryllium, magnesium, 
zirconium and aluminum, heating conductors 
comprising elongated bars extending parallel to 
the furnace Walls and spaced therefrom to heat 
the charge by radiation, said heating conductors 
being formed of a material selected from the 
group consisting of molybdenum and tungsten, 
and springs arranged outside said chamber and 
connected to said heating conductors to n1ain~= 
tain a tension thereon. 

GUSTAV JAEGEi-‘t. 


