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My invention relates to rodlike heating ele-
ments for electric resistance furnaces operating at
high temperatures.

To attain high temperatures in electric resist-
ance furnaces it is well known in the art to employ
therein rodlike heating elements consisting of
highly refractory material. In furnacesin which
temperatures higher than 1400 degrees centigrade
are required such heating elements have proved
unsatisfactory in continuous operation. At such
high temperatures the life of the electric heating
elements is considerably shortened and, therefore,
the operation of the furnace is uneconomical.
Thus, for instance, in firing porcelain, steatite and
other ceramic materials a furnace temperature of
1400 degrees centigrade is necessary. If electric
resistance furnaces operating with rodlike heat-
ing elements were to be employed for such pur-
poses, the temperature of the heating element
would have to be at least 100 degrees centigrade
higher, that is 1500 degrees centigrade. In firing
certain ceramic materials such as pure aluminum

_oxide a temperature of about 1600 degrees centi-

grade is necessary so that when employing resist-
ance elements the latter must withstand a tem-
perature of about 1700 degrees centigrade. In
producing other materials, for instance, some

_ hard alloys containing highly refractory carbides
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it is necessary that much higher temperatures
prevail in the firing zone.

‘The known sllundum (8ilit) resistors which
consist of silicon carbide are not suitable for such
high temperatures, since the life thereof is con-
siderably shortened if a temperature of 1200 to

1400 degrees centigrade is exceeded. To attain -

such temperatures carbon tube furnaces or induc-
tion furnaces are, therefore, generally employed.
The maintenance of a constant temperature in
such furnaces is, however, difficult and requires :1
continuous control.

Rodlike heating units have already been pro-
posed, in which the resistance conductor is en-
closed in a sheath produced by ceramic methods.
However, the electric heating units of this char-

acter have not proved wholly successful, since the-

enclosure could not be kept sufficiently impervious
to gas at high operating temperatures.
An object of my invention is, therefore, to pro-

vide a rodlike heating unit adapted for use in con- - -

nection with electric resistance furnaces and of
such nature as to ensure an economical contin-
uous operation of the furnace at temperatures of
the above-mentioned value.

Another object of my invention is to provide an
electric heating unit jn which the gas-tight enclo-

(CL 201—67)

sure of the resistance conductor is more reliable
and durable than has been the case with the
known resistors having ceramic sheaths.

A further object of my invention is to provide
an electric heating unit of the type in which a
resistance conductor enclosed in a ceramic sheath
is protected against the action of oxygen, even
against oxygen which separates from the sheet
material itself, when manufactunng or usmg the

" resistance conductor.

A still further object of my invention is the pro-
vision of an electric heating element of a reliable

~ construction in which deterioration of the gas-

tight joint due to a relative displacement between
the resistance conductor and the sheath is pre-
vented.

Electric heating elements according to my in-
vention are made in the following manner:

A resistance conductor of molybdenum, tung-
sten, the alloys thereof or of another extremely
highly refractory substance is enclosed in a
sheath made of ceramic material containing alu-

‘minum or magnesium silicate in such an amount

as to render the ceramic structure absolutely
impervious to gas when fired. Ceramic materials
of such type are known per se and are character-
ized by an extremely dense structure. By the use
of such ceramic materials it is possible in contra-
distinction to the known sheaths of pure alumi-
num oxide to produce a gas-tight sheath in a
simple manner which remains also gas-tight in
continuous operation at high temperatures. By
referring to the aforementioned silicates as ele-
ments of the ceramic mass I do not merely mean
traces of silicate such as may constitute acci-
dental impurities; but I refer here to silicates
added to a sufficient extent to render the struc-
ture gas-tight when firing the ceramic material.
According to my invention a substance is pro-

" vided between the sheath and the resistance con-

ductor so as to preveni the resistance conductor

-from being affected by the oxygen, even by the

oxygen developing from the sheath, or to reduce
the action thereof to a negligible amount. Pur-
ther, a gas-tight compound, pariicularly a metal,
welded to the ceramic sheath is empioyed for
providing a gas-tight joint at the ends of uhe
electric heating unit.

By the above~-mentioned means it is possxble to
produce rodlike heating elements for-high tem-
peratures adapted for use in electric resistance
furnaces and which heve a sufficiently long life
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also at temperatures much higher than 1400 -

degrees - centigrade; for 'instance, temperatures
ranging from 1600 to 2000 degrees centigrade.
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However, the electric heating units according to
the invention may also be advantageously em-
ployed in electric resistance furnaces operating at
lower temperatures; e. g. temperatures varying
from 900 to 1400 degrees centigrade.

My invention will best ke understood by refer-
ence to the accompanying drawing in which Fig. 1
shows a vertical sectional view of an electric heat-
ing unit having a spirally wound resistance con-
ductor and Fig. 2 shows a similar view of another
electric heating unit .provided with a rodlike
resistance conductor, both units being broken
away in the middle portion thereof.

In Fig. 1, | denotes a helically wound resistance
wire or ribbon made of a highly refractory metal,
such as moiybdenum or tungsten or of the alloys
thereof. The resistance conductor { is located in
g tube 2 of ceramic material of the above men-
tioned type. The tube is provided at both ends
with gas-tight metallic caps 3 and 4 respectively.
These metallic caps are soldered to the ceramic
tube 2 by means of a hard solder. As hard solder,
for instance, silver is particularly suitable. In
using the eleciric heating unit care should be
taken to see that its ends remain cooler than the
portion of the resistance conductor serving to
develop an intense heat.

The electric heating unit may be, for instance,
manufactured in the following manner:

The resistance conductor { and the sheath 2 -

are separately manufactured. The tubular

sheath 2 is formed of the ceramic material above

mentioned ang is fired to a dense structure ab-
solutely impervious to gas. The ends 5 and 6 of
the tube 2 thus formed before bheing soldered
to the caps 3 and 4 are provided as hereinafter
described with a coating consisting of metal.

The powder of a base metal, such as iron
powder, which is produced according to the
carbonyl method i$ mixed with an organic bind-
ing agent to form a paste. The paste is applied
to the ends of the ceramic sheath 2; whereupon
the latter is heated preferably in a vacuum fur-
nace to the sintering temperature. In this man-
ner a metallic coating is obtained which is im-
pervious to gas and capable of being readily
soldered or welded. .

The metallic caps 3 and 4 are provided in
their central portions with recesses 7 and 8 in
which is also placed a solder 8 and 16 respective-
ly. The metallic caps 3 and 4 are placed over
the ends of the sheath 2 so as to engage the re-
sistance conductor . The whole is then heated
to integrally associate the resistance conductor
I with the caps 3 and 4.

The parts 1, 2, 3 and 4 may be united with
one another in the manner that the above-men-

~ tioned paste is first applied to the ends of the
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sheath 2, the parts are then assembled and
soldered together by heatmg them in a vacuum
furnace.

In the embodiment shown .the. metallic cap
3 is provided with an outlet | { by means of

which the inner space of the electric heating:

unit may be evacuated. When evacuated, a
reducing or neutral gas may be introduced there-
into. For this purpose, for instance, hydrogen
or a rare gas, particularly argon may be em-
ployed.

In the embodiment shown in Fig. 2 the resist-
ance conductor f consists of a rodlike body; for
instance, a rod consisting of silundum (Silit).
The latter is silver-plated at its end faces and
conductively connected with the metallic caps
3 and 4 by means of the solder 9 and 10 re-
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spectively. The metallic caps 3 and 4 are united
with the ceramic body 2 in the same manner as
described hereinabove. To enable an expansion
of the rod t relatively to the sheath 2 due to
heat the cap 4 is provided with a resilient mem-
ber {2. 1§ denotes an outlet by means of which
the inner space of the electric heating unit may
be evacuated or filled with gas.

The specific embodiments may be varied in de-

~tail and it is, therefore, to be understood that

my invention is not confined to the details de-
scribed. 'Thus, for instance, the resilient mem-
ber 12 shown in Fig. 2 may be modified in vari-
ous ways. In many cases resistance conductors
and sheaths are employed which have substan-
tially the same coefficients of expansion. In
such cases the resilient member may be dispensed
with. If small relative movements should, nev-
ertheless, occur they may be compensated for
by the resiliency inherent in the material em-
ployed for sealing the ceramic sheath.

The compound between the sheath and the re-
sistance conductor which serves to protect the
resistance conductor against the action of oxy-
gen may also consist of other substances than
the above-described. For instance, the inter-
mediate space may be filled up with carbides or
nitrides of boron, aluminum or titanium or with
mixtures thereof. Furthermore, metallic hy-
drides, for instance, hydrides of lithium, lantha-
num, nickel or titanium may be employed. 'These
substances may also be singly employed or in 8
mixed state. Alsoc other substances than the de-
scribed are suitable as intermediate layer, the es-
sential point being that they protect the resist-
ance conductor against the action of oxygen.

In the embodiments shown the heat is trans-
ferred from the resistance conductor § to the
ceramic sheath 2 essentially by heat radiation,
whereas when emploving solid intermediate lay-
ers between the resistance conductor and the
sheath or in case the resistance conductor con-
tacts with the sheath more heat is transferred
by conduction. However, by the use of a ceramic
sheath material consisting of the above-men-
tioned type contsining aluminum and magnesium
silicates and fired to a dense and gas-tight struc-
ture, the action of oxygen upcn the resistance

conductor even in continuous operation at high

temperatures is diminished to such an extent that
the life of the electric heating element is suffi-
ciently long to warrant an economical operation
of the electric resistance furnaces equipped with
the rodlike resistance conductors.

When using electric heating units according
to the invention in electric resistance furnaces
it is preferable to make them so long that the
ends of the heating elements lie outside the fir-
Ing zone of the furnace in order that they remain
sufficiently cocl. Thus, in the embodiments

- shown the electric heating units may be so

mounted in a furnace that the metallic caps
thereof lie outside the furnace chamber. Such
an arrangement not only permits to readily con-
nect the leading-in wires to the ends of the elec-
tric heating units, but also the same may be
efféctively cooled by & fluid cooling agent, such
as water or air.

I claim as my invention:

1. A rodiike heating element for produclng
high temperatures in electric furna,ces, compris-
ing a straight, cylindrical, solid and self-sup-
porting rod of highly refractory resistance ma-
terial capable of producing operating tempera-
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highly refractory ceramic material gas-tight at
said temperatures, said sheath having the shape
of an open cylinder and concentrically surround-
Ing said rod with intermediate space, two me-~
tallic closures covering said ends, said closures
being in good conductive connection with said
rod to form terminals for supplying current to
said rod, a hard-solder bond gas-tightly joining

said closures and said sheath, and a substance

disposed in said intermediate space for protect-
ing said rod against oxygen within the range
of the workmg temperature of the heating ele-
ment.

2. A heatxng rod for electric high-tempera-
ture resistance furnaces, comprising-a resistance
body of elongated general shape consisting of a

‘highly refractory resistance material capable of

producing normal operating temperatures con-
siderably above 900° C., a tubular sheath coaxial-
ly surrounding said resista.nce body for protect-
ing it from oxygen when in operation, said tubu-~
lar sheath consisting of highly refractory and
dense ceramic material of the type densified by
a silicate content selected from the group of Al
and Mg silicates so as to stay gas-tight at said
operating temperatures, two gas-tight metallic
closure members covering the two ends of said
tubular sheath respectively, said closure mem-

“bers being conductively connected with the ends

of said resistance body, respectively, so as to form

terminals for supplying current to sald resist-

ance body, a fused bond of refractory metal
gas-tightly joinifig said sheath with each of sald
closure members.

3. A rodlike heating element for high-tem-

.perature furnaces, comprising a self-supporting

rod-shaped resistance conductor of non-metallic
and highly refractory resistance material, a

‘highly refractory tubular sheath concentrically

surrounding said conductor with intermediate
space and consisting of a highly refractory and
gas-tight ceramic material of the type contain-
ing silicate from the group of Al and Mg sili-
cates, two metallic closures conductively con-
nected with said conductor rod and disposed on
the ends of said sheath respectively, a bond of
refractory metal gas-tightly joining each of said
closures with sald sheath, and a substance in
sald intermediate space for protecting said con-
ductor against oxidation.

4. An electric heating elemient for high-tem-

_berature furnaces, comprising a centrally ar-

ranged resistance body of elongated general shape

3

consisting of highly refractory resistance ma-
terial capable of producing normal operating
temperatures considerably above 900° C., a tubu-
lar dense sheath surrounding said conductor with
intermediate space, said sheath consisting of
highly refractory and gas-tight ceramic mate-
rial, a coating of refractory base metal depos-
ited on the outer ceramic surface of each end
of said sheath, metallic closure members con-
ductively connected with said resistance body and
covering said coated ends of said sheath, hard-
solder bonds gas-tightly joining said closure
members with said sheath, and protective sub-
stance in said intermediate space for protecting
said body against oxygen within the range of
the working temperatures of the heating element,
sald sheath and said closure members forming

substantially the only support for said resistance’

body and sald substance.

8. A rodlike heating element for producing
temperatures above 900° C. in electric resistance
furnaces, comprising a self-supporting resist-
ance conductor of elongated general shape, said
conductor consisting of a highly refractory met-
al selected from the group comprising tungsten,
molybdenum, and their alloys, a highly refrac-
tory dense sheath enclosing said conductor with
intermediate space and consisting of ceramic ma-
terial of the dense type containing densifying
silicate from the group of Al and Mg silicates,

a fused bond of refractory metal gas-tightly

joining said sheath and said conductor, and a
substance in sald intermediate space for pro-
tecting said resistance conductor against oxy-
gen.

6. A heating rod for electric high- temperature
resistance furnaces, comprising a helical resist-

ance body of elongated shape consisting of high-
" ly, refractory metal solid at a normal operating

temperature of over 800° C., an elongated dense

10

15

20

30

35

40

sheath enclosing said helical resistance body in ‘

order to protect it from oxygen, sald sheath con-
sisting of highly refractory ceramic material qf
the type containing densifying silicate selected
from the group of Al and Mg silicates so as to
stay gas-tight at sald operating temperatures,
gas-tight closure means of refractory metal con-
ductively connected with said resistance body and
gas-tightly bonded with said sheath, said sheath
and sald closure means forming the only solid
support for securing sald resistance body in its

position.
HANS KERSCHBAUM.
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