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helm Burkhardt, Berlin-Gronewald, Germany;
vested In the Alien Property Custodian

Application filed September 28, 1938

An apparatus iIs already known for producing
high temperatures by means of cathode rays di-
rected and united on to a small space, In which
the cathode has for example the form of a hollow
ball or a concave mirror. The cathode rays
proceed outwardly from this hollow ball and are
concenirated on the article to be heated, which
may be neutral or connected up as anode. The
wall of the known apparatus consists of glass.
This known apparstus has it is true been used for
sclentific experiments, but {t has not galned in-
troducticn Into the arts, which iIs to be attributed
to the liability to breakage on the part of the
glass apparatus and the difficulties relating to
the high vacuum necessary for producing cath-
ode rays and the requisite high voltage of 20 to
300,000 volts,

An electrlc oven or furnece for hea‘ing ar-
ticles to be introduced therein is also known in
which the heat evolution of the negative glow,
preferably in an atitenuated gas atmosphere,
more particularly an atmosphere of inert gases
or other gases of low electro-negative character
or & mixture of such gases, Is used for the heat-
ing in such & way that the article to be heated
elther itself forms the negative electrode or is
surrounded by it or is In good thermally conduct-
ing connection with it. In this connection it Is
known for the casing of the oven Itself to serve
as electrode, and in fact it may be connected up
in circult as anode and cooled. However, the
casing of the known oven or furnace may also be
conunected up as cathode and the anode pass
axlally through the furnsce in the form of a
wire. This furnace also has not up to now
galned Introduction on & technical scale since it
is not capable of handllng the substantial elec-
tric outputs necessary in the technics, and the
discharge, particularly at the Insulators, readily
strikes over Into an undeslrable arcing with the
result that the gas discharge is upset and the
heating has to be Interrupted. These disadvan-
tages are all removed by the present invention.

"The present Inventlon relates to an electrically
heated vacuum annesling and fusion furnace or

oven for metalilc and non-metallic material-

which is distinguished by the fact that the wall
of the oven or furnace i1s connected up wholly or
partly as a cathode with respect to an insulated
introduced anodé. The material to be heated s
arranged in the furnace electrically and ther-

mally insulated, It rests elther on an insulating

plate or in a cruclble of quartz, glass, porcelain
or other ceramic masses or on a plate or In a
crucible of metal or graphite, which is carried by
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-or may itself form the anode.

& coolable lead-through arrangement. Prefer-
ably the wall of the furnace connected up as
chthode consists of metal, preferably of Iron or
steel or still better of light metal ar a light metal
alloy. The oven wall connected. up as cathode
is in the case of short-perfod annealings or
fusions constructed so as to be coolable. The
oven wall connected up as cathode may however
also be surrounded with a heat-insulating mate-
rial, particularly for lengthy annealings. The
oven wall connected up as cathode may consist
of an electric semi-conductor, such as graphite
or slate. The material to be annealed or fused
meay be in conducting connection with the anode
The pressure In
the oven or furnace chamber preferably amounts
to 10 to 0.05 mm., the voltage on the furnace"
chamber a.mountlng to about 500 up to 7000 volts.
The current cover per square centimetre of sur-
face of the cathodically connected furnace wall
preferably amounts to 0.5 to 100 mA. It may as-
sume still higher values, however, If for example
for sintering or fusing purposes temperatures
are necessary up to 3000° C, and more. The In-
sulated introduced lead-through element may be
metallle and at the same time may be the cur-
rent lead in for the ancde, or, if the anode has a
separate current lead, may consist wholly of in-
sulating materlal, e. g. glass, quartz, ceramiec
masses, the insulated lead-through element like-
wise advantageously being cooled at its Interlotr
wall. The current lead in for the anode and the
insulated introduced supports for the article or
articles may advantageously be disposed concen-
trically. For the plate or the bed of the furnace
or oven, upon which the artleles rest, several
supports, as described, may be passed In throtigh
the furnace wall. )

For operating the furnace advantageously a
direct voltage 1s used, the negative pole belng on’
the housing and the positive pole on & separate,
insulated, screcned and cooled Introduced anode;
however, alternating voltage is also sultable 1f the’
effective surface of the Introduced eléctrode iIs
made very small with respect to the surface of’
the furnace housing, when a rectifyihg effect s
produced. The current lead in for the ahode is
surrounded at a small distance by the cathode. -
The space advantageously fofms a ring gap and
protects the insulating material arranged behind
the same from the Impact of charge ecarriers
from the gas discharge, as well as from particles’
disintegrated off the cathode, ahd the heat radi-
ation. The Insulating material which is behind
the ring -gap partly represents a prolongation of
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the same. The distance of the metallic jacketing
of the current lead in for the anode into the gas
space 1s to be chosen smaller than the distance
of the glow fringe around the cathode. In prac-
tical operation a distance of 5 to 0.1 mm. has
proved to be sufficlent. It Is essentially depend-
ent upen the gas pressure and the voltage ap-
plled between the electrodes. It is advantageous
to construct the gap In labyrinth form in order
to prevent direct access of charge carrfers from
the discharge and disintegrated partleles. In
order to apply still higher voltages than 7000
volts the ring zap may be partiy provided with
an Insulator, e. g. with quartz, glass, porcelain
and so forth. The current lead in Is conducted
hollow and is cooled at its Inner wall {n order
to protect the insulating means from heating.

The vacuum furnace described |n more detall
below depends upon a completely hew method
of converting electrical encrgy into heat, and the
attenuated gas in the space between the glow
fringe and the anode on applylng a voltage serves
as a resistance heating element which surrounds
the material ta be heated,

Exptriments have shown that the energy sup-
plied to a gas dlscharge when the “heating volf-
age” (referred to ln German as "Brennspan-
nung”) s equal to the cathode drop, Is complete-
1y eonverted Into heat at the cathode and con-
sequently no appreciable heat Is llberated in the
space between the glow and the anode. If on
the other hand the “heating voltage” exceeds the
cathode drop, there takes place a heating of the
glow Irlnge/anode space which Increases with
the difference hetween the two vollage values.
This difference can be produced by the foliowing
expedients: 1t has lreen found that by increasing
the power of the gas discharge the proportion be-
tween the “heating voltage” and cathode drop in-
creases (see curves, Flgure 1). It has further
been found, as.Is apparent from mutual compari-
son of the curves in Figure 1, that the ratlo of
the “heating voliage” to the cathode drop is the
more [avourable the more readily the cath-
ode material emits. PFurther experiments have
shown in confirmation that Ifor example still bet-
ter valuos are produced hy lichl metals oxidised
right from fhe stari or light melals spontancous-
Iy oxidlsIng during the operatlon, It has alse

been found that the form of the gas space be- ;

tween the glow Iringe and anode 1s important
for the ratio of "heating voltage” and cathode
drop, and in fact the ratio of the “heating volt-
age" to cathode drop Increases the greater the
fraction of the space between glow Iringe and
anode, which is occupied by the article. If for
example an article of metallic or non-metallic
nature Is introduced into this gas space then,
corresponding to its size, the same assumes In
certain time 4 maximum temperature which de-
pends upon the energy applled. If the quantity of
heat liberated at the cathode is not accumulated,
but is continuously led away by means of cooling
water, then for the heating of iron bodles of vari-
ous sizes ah economy for the furnace ls obtained
which increases with the size of the iron bodles.

Pinally it has also been -established that the de-
gree of vaouum and the nature of the gas used
have an Inflience on the ratio of ‘“heating volt-
age” te cathode drop.

In a furanace of § litres capacity iron articles
of various slzes were jntreduced -and heated to a
temperature of for example 1000°. With copper
as oathode material and hydrogen as filllng gas,
at & pressure of 0.2 mm. of mercury an efficlency
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was obtained, in spite of the unfavourably chosen
conditions, of 10% for 0.5 kg., 30% for 5.5 kg.,
and 40% for 11.5 kg.

‘The principle of the furnace or oven obviously
depends upon the fact that the otherwise usual
electric heating element in the form of wire
splrals, sllicon carbide rods or other materlals
is replaced by the attenuated gas. What has
proved to be surprising in these experiments is
that on the one hand the energy distribution be-
tween cathode and gas space Increases with in-
creasing watt load referred to the cathode sur-
face, and that special cathode materials, which
favour this distribution, have been ascertained;
whilst on the other hand, that the ratio of cath-
ode drop to “heating voltage” is always greaier
the more space the body to be heated or the fur-
nace charge takes up in the furnace, the more
therefore the Interior resistance of the remaining
gas space Increases, whereby in the gas space be-
tween the glow fringe and opposite electrode by
purely ohmic consideration consequently more
of the input energy remains for the heating of
the charge.

In an experimental oven or furnace having a
chamber of & litres the following values were for
example ascertained as regards the interior re-
sigtance:

EKg i Uy Wi
Ohma

0.8 2.66 1250 470
8.5 200 1650 B20
12.0 1.5 3200 1270

The decrease in the cathode drop in spite of the
Increasing “heating voltage” is clearly apparent
from the fall of the current strength.

As the ratio of anomalous current t¢ normal
current oh the cathode, values were dbtained in
the experiments up to 2000-fold. When the fur-
nace ¢asing formed the cathode, then witha ratio
of 160-fold a 12 kg, body of iron tould already in
one hour be heated to 1000° at a total energy of
7 kilowatts. However, heating to medium tem-
neratures, for example 300 to 500°, could be ob-
talned with far sinaller values, e. g, 30 ‘to 80 times
the normal current. The ratio of anomealous cur-
rent to normal current consequently depends
upon the temperature of the articles to be
heated or on the {ime in which a definite tem-
perature is to be attained.

Since & temperature of 13060° or more can con-
venlently be attalned, tempering, letting down,
clean annegling, hardening or the like can be
carried out in the oven or furnaceé in a protecttve
gas atmosphere. 'The oven therefore offers the
advantage that there is no oxidation or sealing
of the surfaces of the work, which is a matter of
Importance, especlally for molybdenum steels.

The oven or furnace also offers particular ad-
vantages for the fusion of readlly oxidisable and
highly melting metals, since it avolds oxldation
by using an indiferent gas on the one hand, and

5 on the other hand at the sald subatmospheric

pressures of about 1 mm. and less ah extensive
degassing of the melt Is brought about.

In the accompanying drawing the invention is
shown schematically {n some detall in one oom-
structional example, Figure 2 showlng a section
through an electrically heated vacuum anneal-
Ing and melting oven or furnace for metallic and
non-metallic malerial, in which the wall of the
oven is connected up as cathode of a glow dis-
charge with respect to an insulated introduced



-~

932,237 3

ancode, and in which the material to be annealed
is arranged electrically insulated in the oven, and
in which the electrically heated gas between the
cathodic glow fringe and the anode forms the
heating element for the material to be heated.
The vacuum annealing and melting oven consists
of a lower part | and a removable upper part 2,
which are connected together In vacuum-tight
fashion by means of seals 3 and 4, and which in-
dividually or jointly form the cathode. The up-
per part 2, constructed for example in the form
of a hood, Is provided with a cooling jacket § to
which a cooling medium may be supplied through
the lead 6, which medium c¢an be led off through
the outlet 7. In the upper part an opening is
also provided which 15 closed off by means of a
viewing window 8. The insulated pipe connec-
tion 8 arranged in the lower part has connected
to It a vacuum pump (which is not shown) by
means of which preferably a pressure of 10.0 to
0.05 mm. of mercury can be adjusted The lower
part | also possesses a pipe conmection 10, like-
wise insuiated with respect to the cathode. The
parts Il and 12 are insulating rings and the parts
13 and 14 are insulating and pressing-on rines.
A pressure indicating appliance may be attached
to the pipe connection 10, and through this con-
nection 10 there may also be supplied a fllling gas
in regulated quantity by way of a regulating
valve, which is not shown. According to the ma-
terial being heated or annealed, as filling gas may
be used an inert gas, such as argon, krypton,
xenon, helium, or a reducing gas, such as hydro-
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gen, hydrocarbons or the like. Nitrogen, am-
monia or similar gases may also be employed if
an action is intended on the for example metallic
material being heated or annealed. Gases or va-
pours may also be supplied which bring about
chemteal actions on the material being heated.
In the lower part [ the anode #6 is also arranged,
insulated and screened off, as well as the lead-
through element 16 which is made hollow and
to which a cooling agent may be supplied
through the lead 17, and led off through the lead
18. Between the anode 15 and the lower part {
of the vessel there is a narrow gap of labyrinth
form which is so narrow that no glow discharge
is possible in the gap. Also between the anode
15 and the lead-through element 16 there is a
similar narrow gap of labyrinth form, By means
of an insulated sereening pin 19, the lead-through
element. 16 carries for example & quartz plate 2%
on which the material 21 to be heated 1Is disposed
in an insulated manner. In place of the quartz
plate 20, a fuslon crucible for example of carbon
or of ceramic material, such as heryllium oxide,
or even of metal may also be provided for accom-
modating the material to be heated or fused.
22 and 23 are Insulating rings and 24 is an insu-
lating and pressing-on ring, which is pressed on
by means of a screw arrangement not shown. 2§
is & cooling duct to which & ¢oocling agent can be
supplied.
BERNHARD BERGHAUS.
WILHELM BURKHARDT.



